
DYNAMIC 
FUNCTIONAL STUDIES 
IN NUCLEAR MEDICINE 

IN DEVELOPING 
COUNTRIES 

f V 
1 

• I 

PROCEEDINGS OF A SYMPOSIUM, VIENNA, 15-19 AUGUST 1988 
ORGANIZED BY IAEA IN CO-OPERATION WITH WHO 

I N T E R N A T I O N A L A T O M I C E N E R G Y A G E N C Y , V I E N N A , 1 9 8 9 





DYNAMIC FUNCTIONAL STUDIES 
IN NUCLEAR MEDICINE IN DEVELOPING COUNTRIES 





PROCEEDINGS SERIES 

DYNAMIC FUNCTIONAL STUDIES 
IN NUCLEAR MEDICINE 

IN DEVELOPING COUNTRIES 

PROCEEDINGS OF AN INTERNATIONAL SYMPOSIUM 
ON APPLICATIONS OF DYNAMIC FUNCTIONAL STUDIES 

IN NUCLEAR MEDICINE IN DEVELOPING COUNTRIES 
ORGANIZED BY THE 

INTERNATIONAL ATOMIC ENERGY AGENCY 
IN CO-OPERATION WITH THE WORLD HEALTH ORGANIZATION 

AND HELD IN VIENNA, 15-19 AUGUST 1988 

INTERNATIONAL ATOMIC ENERGY AGENCY 
VIENNA, 1989 



EDITORIAL NOTE 

The papers and discussions have been edited by the editorial staff of the International Atomic 
Energy Agency to the extent considered necessary for the reader's assistance. The views expressed and 
the general style adopted remain, however, the responsibility of the named authors or participants. In 
addition, the views are not necessarily those of the governments of the nominating Member States or of 
the nominating organizations. .' 

The use in these Proceedings of particular designations of countries or territories does not imply 
any judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of their 
authorities and institutions or of the delimitation of their boundaries. 

The mention of specific companies or of their products or brand names does not imply any endorse-
ment or recommendation on the part of the IAEA. 

Authors are themselves responsible for obtaining the necessary permission to reproduce copyright 
material from other sources. 

DYNAMIC FUNCTIONAL STUDIES 
IN NUCLEAR MEDICINE IN DEVELOPING COUNTRIES 

IAEA, VIENNA, 1989 
STI/PUB/786 

ISBN 92-0-010089-9 
ISSN 0074-1884 

© IAEA, 1989 

Permission to reproduce or translate the information contained in this publication may be 
obtained by writing to the International Atomic Energy Agency, Wagramerstrasse 5, P.O. Box 100, 
A-1400 Vienna, Austria. 

Printed by the IAEA in Austria 
April 1989 



FOREWORD 

The International Symposium on Applications of Dynamic Functional Studies 
in Nuclear Medicine in Developing Countries was organized by the International 
Atomic Energy Agency in co-operation with the World Health Organization. It took 
place in Vienna from 15 to 19 August 1988 and was attended by 78 participants from 
42 countries. Fifty of these participants came from the developing countries. 

The subject of this Symposium is of great current interest for the nuclear medi-
cine specialist in general and very challenging for those working in the developing 
countries. About a decade ago, it was believed that there was no technique as good 
as nuclear imaging for visualizing internal organs in the body. However, the impact 
of other, non-nuclear imaging modalities has led nuclear medicine specialists to 
consider the limitations as well as the strong points of their discipline. For instance, 
it is tacitly admitted that nuclear medicine is not necessarily the best method for the 
static imaging of all organs in all kinds of clinical situations. Ultrasound, magnetic 
resonance, computerized tomography and even radiology all vie with.nuclear medi-
cal imaging procedures. 

On the other hand, there is an unequivocal recognition on the part of everyone 
in nuclear medicine that dynamic functional studies are the forte of nuclear medicine. 
Typical comments are: " W e can visualize the fourth dimension of t ime", "It makes 
the different organ functions transparent in vivo", "Metabolic functional studies 
in vivo are possible now" , "With the aid of the computer it is possible to get precise 
quantitative information on physiological processes as they happen in the body", 
"Previously uncharted vistas of cardiac and cerebral functions have now become 
amenable to probing by nuclear methods". 

Many of the developing countries are naturally keen to set up dynamic func-
tional studies. Those who already have nuclear medicine facilities now want to 
develop such studies. Those who are new entrants to the field want to skip a few of 
the evolutionary steps and straight away enter the field of dynamic functional studies. 
Hence, in terms of the resources to be supplied by the IAEA, there is a sudden 
upsurge in demands. The rectilinear scanner, a slow but reasonably good instrument 
for static imaging, costing about US $30 000, is no longer easy to obtain from 
commercial sources. Users who are being supplied with a gamma camera would 
understandably like a computer to go with it. In money terms, this means a jump 
to US $300 000. There are further implications, too: dynamic functional studies 
require new types of radiopharmaceuticals, and manpower with a high level of train-
ing, expertise and experience. 

The gulf between the use of nuclear medicine in developing countries and its 
use in other parts of the world has widened considerably. How can and should the 



developing countries react? How can the IAEA best help them narrow the gap effica-
ciously and economically? 

To rise to this challenge of the transfer of technology from the industrialized 
to the developing countries, the Agency has increased in recent years its commitment 
to nuclear medicine. The IAEA's Division of Life Sciences supports many 
Co-ordinated Research Programmes directly related to clinical applications of 
nuclear medicine. Notable, too, is the high level of activity in Technical 
Co-operation, whereby the Agency undertakes the task of setting up nuclear medi-
cine facilities in the hospitals of the developing countries. It supplies equipment and 
various other necessities for this purpose. Experts are provided in the initial stages 
of such endeavour, and training fellowships are made available to prepare a local 
cadre of trained staff. 

The current Proceedings illustrate some of . the difficulties entailed in such a 
transfer of technology and in its practical application in the developing countries. 
They document some of the trials and tribulations involved in setting up nuclear 
medicine facilities in general and specifically as regards nuclear medicine applica-
tions for the diagnosis of the diseases prevalent in the less developed countries. The 
papers presented in this volume provide some pointers. Altogether 51 papers were 
presented. Most of them deal with various clinical applications of dynamic functional 
studies. However, there was also a session on quality control of the equipment used, 
and a panel discussion critically looked at the problems and potential of dynamic 
studies in developing countries. 

Whilst nuclear medicine investigations can give information as to physiological 
processes as they happen in the body, sophisticated equipment such as a gamma 
camera and computer is not always essential for all kinds of functional studies: good 
work can also be done with a single scintillation counter coupled to a recorder or 
a simple data processing system. 

This book will therefore be of interest and use not only to those practising 
nuclear medicine in the developing countries, but it may also bring home to users 
in developed countries how 'more can be done with less'. 

It is hoped that the papers reproduced in these proceedings will stimulate many 
of those involved in nuclear medicine to contribute more to functional studies, and 
to improve the image and stimulate the use of nuclear medicine in the developing 
countries. 
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Review Paper 

DYNAMIC FUNCTION STUDIES 

K . E . B R I T T O N 

Depar tment of Nuclear Medic ine , 
St. B a r t h o l o m e w ' s Hospi ta l , 
London , United Kingdom 

Abstract 

DYNAMIC FUNCTION STUDIES. 
Dynamic function studies can be defined as a measure of the variation of a quantity of 

a substance in an organ with time. Such studies are clinically useful only when the underlying 
physiological model is realistic. Usually the measurements are of three kinds: the uptake func-
tion, the transit function and the removal function. Sensitivity of these measurements can be 
enhanced in several clinical situations by intervention, such as exercise or drugs. It is possible 
to display a nuclear image in a variety of ways through computer manipulations which are 
justified only if based on a valid physiological model. The newer radiopharmaceuticals have 
also increased the range of functions that can be studied, especially in the case of the heart 
and the brain. Positron emission tomography (PET) images are fascinating but they are 
prohibitively expensive and routine clinical nuclear medicine will have to rely on information 
obtained with single photon emission computer tomography (SPECT). In the diagnosis of 
cancer, the instrument alone would not improve the diagnosis. It is necessary to have 
radiopharmaceuticals with a high degree of specificity of uptake. This can possibly be 
achieved with immunoscintigraphy. There also, the kinetics of uptake of the labelled antibody 
enable one to differentiate specific from non-specific uptake. The need for good reliable 
dynamic function studies is as great in the developing as in the developed countries, but a 
nuclear medicine specialist in a developing country would need more skills and experience 
because of the heavy odds against which one would be working. 

D Y N A M I C F U N C T I O N S T U D I E S 

Science is a universal system of knowledge which does not dist inguish between 
the 'deve loped ' and other countr ies . Indeed, the less the availability of equipment , 
the greater is the knowledge and training required to meet the medical need. 

Dynamic funct ion studies a re not s t ra ight forward . The def ini t ion of the clinical 
p rob lem and an unders tanding of the physiological and physical assumpt ions and 
sources of e r ror mus t be the basis of their application. A dynamic funct ion study may 
be def ined as a measure of the variat ion of a quantity of a substance in an organ, 

3 



4 BRITTON 

FIG. 1. Dynamic studies of the liver, (a) Activity/time curves calculated using a compartmen-
tal model. (b) Activity/time curves calculated using deconvolution analysis of the same data. 
Key: X integral to plasma clearance curve, * liver activity/time curve, • bile activity/time 
curve. 
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tissue or system with time. One of nuclear medicine's greatest assets as a system of 
measurement is that it can cope with the time dependence of biological processes. 
This review will try to present some of strengths and weaknesses in current studies 
and point some way to the future. 

Nuclear medicine provides a bridge between a clinical problem and a particular 
test using physical measurements with radionuclides. The link between the physics 
of a test and the clinical problem is through the creation of an isomorphic physiologi-
cal model (where 'isomorphic' is taken to mean a simple, but realistic representation 
of reality). If the physiological model is incorrect, then the data analysis will give 
inappropriate results. The liver dynamic study may serve as an example. A compart-
mental model with regions of interest over the cardiac (or cerebral) blood pool and 
the liver is often described [1,2]. 

LIVER BILE 

This simple compartmental model gives the following activity/time curves with 
radioiodinated bromosulphthalein curves, Fig. 1(a). This shows that biliary output 
increases from time zero. Simple reflection will show that this cannot be true and 
that, in fact, there is a delay between uptake and biliary excretion. A different model, 
called a linear system model, is designed for demonstrating delays as a compound 
moves along many different pathways between uptake and loss from organs. The 
mathematical analysis used with a linear system model is deconvolution. Applying 
this deconvolution analysis to the same data obtained from the patient with which 
compartmental analysis gave the wrong answer shows a delay of several minutes 
between uptake and the time of appearance in the biliary system, Fig. 1(b). 

This delay was confirmed by studies in surgical patients with biliary T-tube 
drains in situ [3]. Delayed liver transit time is now being used to define biliary 
obstruction [4]. The lesson here is that, although there were no errors in the 
mathematics of compartmental 'exponential' analysis, the answer was wrong 
because the physiological model was wrong. The moral is that the physiological 
model comes first and defines the type of mathematics to be applied which in turn 
gives the appropriate and relevant variables to be displayed. The validity of the test 
as a clinical tool depends on the validity of the isomorphic model as a representation 
of the clinical state. 
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Another example of the misuse of compartmental analysis is in gastric empty-
ing. Usually the activity/time results, obtained from a gastric region of interest are 
plotted out on semilogarithmic paper and a straight line approximation is drawn 
through the points. Early points in time usually do not fit the straight line and are 
either ignored or called a 'lag' time [5]. .This compartmental analysis once again 
assumes a compartmental model, whose assumptions include the requirement of 
rapid mixing in each compartment that is much more rapid than the rate of exchange 
between compartments and that the specific activity of tracer should be uniform 
throughout. The loss of stomach contents through the pylorus is of the same time 
relationship as the movements of contents into the fundus and clearly invalidates this 
assumption. Typical reported average half-times of emptying of 30 minutes for fluid 
and 60 minutes for solids are clearly inappropriate. Fluid runs round the lesser curve 
and a part will be immediately lost through the pylorus. Solids' movements in the 
stomach can be demonstrated by a simple two regions of interest approach, by more 
complex analysis [6, 7] or by deconvolution analysis [8]. 

Measurements 

After the decision as to an appropriate physiological model, the nature of the 
measurements requires consideration. The possibilities are the following. The uptake 
function is the ability of an organ or tissue to take up substances from its environment 
and from blood, from intestine, etc. The transit function is the pattern of transit times 
through the organ or tissue after uptake. For every mean transit time, there is a distri-

bution of transit times whether gaussian or skewed or irregular, and the fact that the 
distribution of the tracer within the organ may not be uniform must be taken into 
account. The removal function is the active removal or passive loss of a substance 

• from a tissue or organ. It is often not an independent function and is usually obtain-
able from the uptake and transit functions. 

: These measurements in dynamic function studies are the bases from which 
more complex variables are derived. In the clinical situation, the sensitivity of the 
measurement to a particular situation may be enhanced through some intervention. 
The interventions are typically of three kinds. They may be designed to give an 
enhancement of uptake by normal tissue and/or the reduction of uptake in disordered 
tissue. Examples include exercise or dipyridamole cardiac stress tests; and the 
administration of Captopril before the renal radionuclide study in hypertensive 
patients. They may be designed to cause a reduction of uptake by normal tissues 
and/or enhancement of uptake by the disordered tissue: examples include the use of 
EDTA to reduce blood calcium when undertaking imaging for parathyroid hyperpla-
sia; and in. radioimmunoscintigraphy the rapid clearance of a circulating antibody 
from blood by the injection of a second antibody. They may be designed to increase 
the loss from normal tissue and/or reduce the loss from the disordered tissue: exam-
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pies include frusemide diuresis and the use of cholecystokinin in biliary studies. The 
comparison of the results of a study before and after the intervention or with and 
without the intervention often considerably improves the clinical utility of the test. 

Functional images 

Since nuclear medicine is often included as one of the diagnostic imaging 
modalities, there has been a natural tendency to wish to redisplay quantitative data 
as an image. If a functional image is to be concerned with a normal or disturbed 
physiological function of an organ or system, then it is unfortunate that the use of 
the term 'functional image' has been downgraded. "If it has been through a 
computer and the image pleases the eye, it must be a functional image." No. "If 
it has been through the computer and the analysis pleases the mind, it must be a func-
tional image." No again. The problem here is that the multitude of mathematical 
manipulations that are available mayèncourage the enthusiast to create all sorts of 
interesting intellectual or artistic aberrations divorced from reality. Demand what 
physiological model is the basis of such functional images before accepting them. An 
appropriate definition of a functional image relates to the fact that the function by 
which an organ takes up or transits a radiopharmaceutical may not be the function 
that is of most clinical relevance. The data is then manipulated in the computer on 
the basis of a physiological model to give a functional image to redisplay the data 
in a form more relevant to the clinical problem. Depending on the constants and vari-
ables that are manipulated, so a functional image may be classified as follows. A 
parametric image is a redisplay of measurements derived from measurements of 
constants. Examples include renal or liver images redisplayed, where intensity is 
proportional to uptake constants; or cardiac images redisplayed where intensity is 
proportional to ejection fractions — the ratio of volumes. A metametric image is a 
redisplay of measurements derived from measurements of variables. A metameter 
is a derived variable. Examples include cerebral images redisplayed where intensity 
is proportional to volume flow, derived from the variables volume and time [9]; or 
lung images where the ventilation perfusion ratio is displayed [10]. A chronometric 
image is a redisplay of measurements derived from measurements of time. Examples 
include the cardiac phase image [11], renal or cerebral appearance time or mean time 
images and cerebral inert gas initial slope of washout images with units of 'per 
minute'. This classification is designed to remind the manipulator of what he is doing 
and why he is doing it. It is also worth remembering that mathematical operations 
on an image may well destroy the independence of data in each pixel from another 
so that valid statistics which require such independence become inapplicable. While 
the true functional image as defined above may be of benefit to the interpretation of 
a dynamic study, the ideal data manipulation from a dynamic study results in a single 
number for which a 'normal' range or at least a 'decision aiding' range [12] may be 
given. 
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Cardiac studies 

The heart had been the province of electrically orientated cardiologists for so 
long that it took nuclear medicine to show them again that the heart is a pump whose 
function can be observed noninvasively at exercise as well as at rest and measured 
objectively. The electrocardiographically, ECG, multiple gated acquision, MUGA, 
study using a blood pool agent is well known. It should be remembered that the data 
obtained relate to the deformation of the activity in the cardiac chambers as a conse-
quence of cardiac pump action. The change in apparent shape of the chamber 
contents may in part be due to the motion of the heart itself during respiration or 
exercise, as well as due to wall motion. The significance of the global and regional 
ejection fractions depends on the volume of the chamber as well as on myocardial 
contractility: low ejection fraction with a larger chamber volume means more blood 
ejected than with a smaller volume. Amplitude and phase images relate to the defor-
mation of the chamber volume secondary to the muscle action. Chromometric phase 
images in particular assume combinations of sine and cosine waves to make up the 
cardiac cycle. However, the shape of the ventricular ejection curve is rather more 
angular and principle component analysis may give a much better simulation of its 
true shape than conventional phase analysis [13]. Nevertheless, the benefit of phase 
analysis in identifying the site of onset of an ectopically induced ventricular contrac-
tion is clear. 

The first pass technique has much to commend it; temporal separation of cham-
bers, higher count rates, reduction of the errors due to background, less susceptibil-
ity to the wearing off of exercise since only five to eight heart beats rather than 300 
need be recorded. The development of short-lived radionuclide generators particu-
larly 195Aum from mercury 195 and , 9 ,Irm from osmium have advantages for highly 
specialised centres. The advent of the 99Tcm labelled cardiac agents such as 
methoxy isobutyl isonitrile, MIBI, mean that a first pass wall motion study, whether 
with the patient at rest or exercise, may be combined with the subsequent static imag-
ing of the unredistributed agent. 

The regional blood supply to the heart is difficult to assess. Indeed, there is 
a paradox in that "the most sensitive way to measure the blood flow to the heart is 
not to measure the blood flow". This is because the heart, along with the brain, 
kidney and several other tissues, has the property of autoregulation. Thus any 
anatomical narrowing of a coronary artery leads to the activation of metabolic 
control systems to restore the flow as far as possible back to normal. Therefore, the 
use of a 'pure' flow marker such as 201Th will be less sensitive to the detection of 
ischaemia than a marker of the change in metabolism which has tended to return that 
flow towards normal. It has been well demonstrated, for example, that an ischaemic 
area seen as a defect on maximal exercise with 201Th may be seen at rest with l23I 
heptadecanoic acid [14]. The cardiac image obtained through the use of the radio-
labelled fatty acid which is oxidatively metabolised is more sensitive to the reduction 
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in the supply of oxygen than the 201Th flow image. A further improvement is the 
use of paraphenyl fatty acids which only undergo lipogenesis and not 
metabolism [15]. Like the heart, when a person is unwell, first he stops laying down 
stores for the future, then he goes off his normal food, then he stops eating. 

What is the ideal cardiac agent? [16]. The ideal cardiac agent is not a substitute 
for thallium. The thallium image is quite difficult — in order to interpret the results 
for thallium one needs to be an expert; for MIBI labelled with technetium one can 
be a normal person. The ideal cardiac agent should detect ischaemic heart disease. 
Everyone in this audience has had a pain in their chest and wondered if they are about 
to have a heart attack. This is the major clinical problem and the one that a non-
redistribution tracer is designed to look at. In a situation where there are few cardiol-
ogists, usually all that is available is an exercise ECG and only an exercise ECG can 
be performed. It is very insensitive, being positive in about 55 per cent of cases of 
ischaemic heart disease. If you now put a butterfly needle into the patient and do that 
same exercise ECG, you can inject your technetium MIBI at maximum exercise. 
Three hours later in the nuclear medicine department, which may be in a different 
part of the city, or in a different part of the same hospital, but certainly not in the 
cardiology department, you can take the image and see the defect at maximum exer-
cise. That, in my view, is the way to use this type of agent and not as a thallium 
substitute. 

There is an alternative approach in the emergency department in a more 
sophisticated place. A patient comes in with a heart attack. You know that strep-
tokinase infusion must be undertaken within four hours of a myocardial infarction 
to do some good. The streptokinase is injected after an injection of technetium MIBI. 
A picture four hours later shows the defect that was being treated before the strep-
tokinase was given. The study is then repeated two days later to see whether the 
streptokinase (or tissue plasminogen activator) has actually effected any benefit. In 
other words, just because one has a new cardiac agent does not mean to say that it 
has to be used in the same way as the old agent. One has a tremendous advantage 
with the new technetium agent for really helping cárdiology in situations where there 
are few or no cardiologists [16]. 

The injection of 99Tcm MIBI can also be used for a dynamic first pass study. 
The regional ejection function and the disorder of wall motion can be related to the 
subsequent perfusion defect demonstrated on the static image later. Stress tests have 
to be done separately and of course one has to give a second injection. That simula-
tion of a thallium test is a lesser use for MIBI. 

At the other end of the spectrum of dynamic cardiac studies, can make life 
much easier by using a simple probe on the chest as is discussed in this conference 
by Dr. Crawley (Paper IAEA-SM-304/21), who monitors cardiac performance with 
a very simple system. Alternatively a 'vest' probe is presented by Ohtake and co-
workers, allowing continuous monitoring for 24 hours of the ejection fraction, also 
using a solid state device (Paper IAEA-SM-304/30). 
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The lung 

There is a new development from Australia, the technigas generator. The main 
problem is its expense, but its elegance and the lack of radiation to the people using 
the test is a great advantage. A comparison between technigas and aerosol shows 
uptake in the stomach and often in the bronchi with the aerosol because of its large 
particle size. The radiation to the technician is much greater. When technigas is 
compared to 81Krm, technetium carbide gas with its /¿m sized particles gives virtu-
ally identical results. 

Cerebral studies 

There is now a whole range of pharmaceuticals for looking at the brain: DTPA 
originally for the blood-brain barrier; albumin for the non-diffusable flow; xenon 
as a diffusable indicator and the new lipophilic substances, isopropyl 123I iodo 
amphetamine, IMP, 99Tcm hexamethyl 1 propylene amine oxime, HMPAO, 99Tcm 

ethylene cysteine dimer, ECD, 201T1 diethyldithio carbamate, DDC. They give a 
new type of image of the brain which is dark, from activity in the grey matter. 

For these compounds cerebral defects will occur with loss of flow in a stroke 
before the X-ray computer tomograph has changed, just as with a microsphere lung 
perfusion study in pulmonary embolism. Dynamically there is a change in function 
before a change in structure, another fundamental strength of nuclear medicine. 
When a cerebral defect with HMPAO in a patient with a stroke is compared with 
a cerebral defect using IMP in stroke, it can be seen that the HMPAO does not redis-
tribute, but the IMP can redistribute and there is some evidence, although this is still 
tenuous, that where IMP redistributes in a delayed image such an area is likely to 
recover [17]. Prognosis comes from function studies. 

: These dynamic studies enable quantitation of regional and global flow. Flow 
measurements are required in order to decide if cerebral blood flow is reduced, for 
example in patients having transient cerebral episodes. They are required to assess 
whether cerebrovascular surgery is successful; or whether there is protective vascu-
lar contraction which will prevent operation in subarachnoid haemorrhage. Flow 
measurements allow the assessment of therapy in hypertensive and geriatric patients 
to make sure that cerebral blood flow is not reduced when blood pressure is lowered. 

Xenon washout has been used for many years [18] and the problem is that the 
estimation of flow is based on a compartmental model of the brain. Xenon washout 
only measures washout time. It assumes a constant volume of distribution, whereas 
flows change because of changes in volume as well as changes in time. One cannot 
assume a constant volume and just look at a time factor. It also assumes a constant 
partition coefficient as . well as a rapid distribution into and an even distribution 
through the whole brain, which does not happen in disease. Therefore, one should 
be very careful of extrapolating measurements of xenon from the healthy situation, 
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where they are reasonable, to the disease situation, where some of the assumptions 
of the technique are no longer valid. If you then compound that regional washout 
time estimation with emission tomography, it is not at all clear what you are 
looking at. 

There are overall a number of requirements for a rigorous measurement , of 
cerebral blood flow. It should be noninvasive, use standard nuclear medicine equip-
ment, standard radiopharmaceuticals, and should measure both the volume and the 
time. One should avoid any technique that requires a partition coefficient because 
it cannot be measured in vivo. A correction for extracerebral activity is required and 
the technique should be adaptable to new radiopharmaceuticals. A suitable technique 
using technetium albumin has been available for many years. It is recorded in a 
publication of the IAEA [19] and elsewhere [20, 21]. It needs just a conventional 
gamma camera over the vertex of the skull, a single probe over the aorta and a bolus 
injection with analysis using a linear system model. 

The regional mean transit time is obtained by taking the input function from 
the aortic probe, and the content function from first pass activity/time curves from 
each cerebral region of interest. The regional and global blood volumes are obtained 
as fractions of the total blood volume. Flow in mL/min is obtained from volume 
divided by time. The reproducibility study of the technique gave 3% for global flow 
and 5% to 8% for regional flow [19], which is quite reasonable for clinical 
situations. 

One can display the distributions of volume, time and flow as functional as well 
as numerical data images. In cerebrovascular disease, a reduction in flow, for exam-
ple beyond a carotid occlusion, may be due to a reduction of volume with a normal 
mean transit time, or a normal volume with a prolonged transit time, or an increased 
volume with a very prolonged transit time. In the situation where the regional 
cerebral volume is as normal, if one only used the measurement of time, one would 
not have detected a difference in regional flow because one would have assumed the 
volume to be the same on each side. 

The effect of surgery can be monitored. One can take an artery from outside 
the head, put it through a burr hole into the middle cerebral artery branch and in time 
it will increase the flow beyond the carotid occlusion. One can show objectively the 
improvement in flow from before to after surgery [19]. Whether in fact the patient 
gains an improvement in cerebral function is another matter. One can look at demen-
tia, one of the commonest diseases, and using these measurements it is clear that 
blood flow decreases, the more demented one is. That is not surprising, but the 
interesting observation that we made is that the flow decrease is because of à volume 
decrease, whereas the transit time remains more or less constant. This could be due 
to an effect of nerve or neuroglial cell swelling in a fixed skull cavity in demen-
tia [22]. However one can also look at the distribution of transit times and plot the 
ratio of a slow and a fast time component regionally, and compare it with psychomet-
ric mapping of the brain. One can see a correlation between psychometric measure-
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ment showing disorder of function of part of the brain and a disorder of the flow 
distribution there. This is the first time that this has been shown [23]. 

With 99Tcm HMPAO very elegant images of the distribution of the grey 
matter can be shown in single photon emission tomography sections of the brain, but 
right/left comparisons are not sufficient. The requirement is to measure absolute 
flow. The activity/time curves from regions of the brain after a bolus injection are 
composite curves made up of both the supply of the blood and the degree of the 
uptake. If one wishes to measure the regional uptake, it will be given by the differ-
ence between the total supply to the brain and the non-extracted HMPAO in the blood 
flow that goes past. The extraction efficiency is given by the maximal cerebral uptake 
divided by the maximum cerebral supply. This equation can be solved by comparing 
the relationship between the 99Tcm HMPAO uptake and that of a non-diffusable 
tracer, 99Tcm albumin. The albumin study is performed first and the HMPAO study 
two days later. The difference will give us the actual HMPAO cerebral uptake in 
mL/min (cerebral clearance) by subtracting the cerebral blood flow measured with 
albumin from the cerebral blood flow measured with HMPAO [24]. A plot from the 
flow measured in mL/min with HMPAO shows a good linear correlation with that 
measured with albumin and can be used for predicting the one from the other. In a 
typical example in cerebrovascular disease it is found that a low flow area has a 
slightly higher extraction of HMPAO than the high flow area, for example, 39% as 
compared with 43% (uncorrected for lipophilic content). In patients with head inju-
ries and incomplete recovery after a road traffic accident one can look with 99Tcm 

HMPAO and see with single photon emission tomography, SPET defects in flow not 
apparent as abnormalities on X-ray computer tomography, CT. A defect in the trans-
verse section may be automatically displayed with the appropriate coronal section 
and the saggital section, which aids interpretation. The quantitative approach is 
applied in subarachnoid haemorrhage and our neurosurgeons will not usually operate 
unless the cerebral blood flow is greater than 600 mL/min [25]. One cannot tell this 
by looking at a left/right index, but only from the absolute flow measurement. In 
addition many defects due to vascular contraction in patients with subarachnoid 
haemorrhage may be shown on the subsequent HMPAO SPET which are not visible 
using X-ray CT, or indeed nuclear magnetic resonance imaging, NMRI. 

The alternative approach to cerebral blood flow is through positron emission 
tomography. One can buy a small cyclotron, radiopharmacy unit and a positron scan-
ner for a minimum of £2.5 million, to which the considerable expense of an 
appropriate environment and a sophisticated staff need to be added. Is it needed? 
High resolution, beautiful images of the distribution of glucose in the grey matter 
of the brain are obtainable showing living cerebral physiology: look and the visual 
cortex lights up; listen and the auditory cortex is activated, think and the frontal lobes 
metabolize glucose; remember and all these start to work; move the right hand and 
the left motor area is in control [26]. It is very fascinating and wonderful 
neurophysiology and neurochemistry. 
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How does SPET compare? With 99Tcm HMPAO images under optimal condi-
tions very much the same detail is seen in the normal brain, in the epileptic and post 
epileptic focus [27], in the posterior parietal defects in dementia [28] and in relation 
to tumours [29]. The quantitation is much less precise and the resolution less refined 
but at least for the foreseeable future, because of the cost problems both in 'deve-
loped' and other countries, positron emission tomography cannot be considered a 
routine. So the effort should be put into improving single photon emission tomogra-
phy to give quantitative regional dynamic studies. 

Nuclear medicine and surgical practice 

An important aspect of dynamic studies is kinetic analysis, where the time rela-
tionships themselves help to determine whether the distribution of uptake is normal 
or abnormal. Particularly in radioimmunoscintigraphy, the kinetics of uptake are 
very important in helping the diagnosis of specific versus non-specific uptake, as 
described subsequently. A great new advance is the labelling of white cells with tech-
netium using 99Tcm HMPAO [30]. For example, if uptake of labelled white cells 
occurs in the bowel early, within one to four hours, that is likely to represent inflam-
matory bowel disease. But if the uptake occurs-in the bowel late, at 24 hours, that 
is quite a normal finding. Thus the timing of the appearance of the radioactive tracer 
indicates whether a pathological state is present or not. We have simplified the tech-
nique so it requires only 20 mL blood and under one hour labelling time. 

A normal 99Tcm HMPAO white cell study shows the clear lungs, the lower 
liver uptake, and the high splenic uptake at one hour. In liver abscess, a colloid scan 
shows the uptake in the abscess at this site. White cell scanning is of tremendous clin-
ical use and, in our hands, beats X-ray CT and ultrasound in terms of its specificity 
and accuracy in abscess detection [31]. 

There are lots of ways of looking at tumours, and recently thallium has come 
into vogue. Thallium is taken up by carcinoma of the bronchus and carcinoma of the 
thyroid [32]. Thallium is quite sensitive, but it is not specific. Many lesions in the 
lung may take up thallium, and many benign tumours of the thyroid show uptake. 
Receptor binding studies with metaiodobenzyl guanidine, MIBG, particularly in 
neuroblastoma are an important advance with both diagnostic and therapeutic 
success [33]. 99Tcm (V) dimereaptosuccinate is taken up by medullary carcinoma of 
the thyroid and by many other tumours [34]. Radiolabelled monoclonal antibodies 
provide another way forward for oncological diagnosis. 

The problem with nuclear medicine is that it is quite sensitive, but it really 
needs to improve its specificity if it wishes to compete, particularly with some of the 
radiological techniques. The monoclonal antibody gives nuclear medicine the oppor-
tunity to combine specificity with sensitivity. The technique of imaging with radi-
olabeled antibodies is called radioimmunoscintigraphy, RIS, and has the following 
requirements. An antigen that is specific to the cancer should be chosen. This has 
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not yet been defined, but the antioncogene theory of cancer shows that soon there 
will be antibodies against specific oncogene proteins that will be cancer specific. A 
murine monoclonal antibody against the chosen antigen is developed. Nowadays 
with genetic engineering these antibodies can be humanized. The hybridoma tech-
nique enables one to have as many and as much antibody as is needed, so that, just 
as radioimmunoassay has become widespread in the world, so monoclonal antibodies 
will allow radioimmunoscintigraphy to become equally widespread. A good radio 
label and a good radiolabelling method that preserves immunoreactivity is needed 
together with an optimal gamma camera imaging system [35]. 

The radionuclide signal is paramount. The half-life of decay should be matched 
to the kinetics of uptake by the tumour. When a poor radiolabel was used, people 
thought it took days for antibodies to get into tumours. If however 99Tcm is used, 
it is evident that, in fact, antibodies get into tumours very rapidly. The shorter the 
half-life, the higher the administered activity and the better the signal. Remember, 
most noise is due to a poor signal, so to get rid of noise, improve the signal. Do not 
be misled by the concept of the signal to noise ratio. It is the signal that matters. The 
reason that there was a trumpeter in a battle is because the trumpet can be heard over 
the noise of the battle. 

The antibody is vital. A good antibody reacts with a large number of specific 
binding sites on the tumour cell with high avidity. Probably small fragments F(ab')2 
are preferred because tumour penetration depends on physical factors. Two imaging 
strategies have developed: one was to use a short lived radionuclide and image early 
with 99Tcm, 121I or 11'in; and the other was to use long lived 131I and image late at 
the time of lowest background and the time of highest target to background ratio. 
But because of the high noise inherent in the signal there was often no target to see. 
This was demonstrated in a boy of four years with a neuroblastoma imaged first with 
UJ13A labelled with 131I, one mCi, and at 70 hours the tumour was just visible with 
a tumour to background ratio of 25:1. With 123I in the same dose, for the same 
tumour for the same child the tumour is visualized within four hours with a target 
to background ratio of 1.25:1. The same antibody is there, but a good signal is 
required to detect it. The count rate from 123I was 20 times that from 131I. 

Ovarian cancer is imaged with 123I human milk fat globule, HMFG, 
monoclonal antibody and colon cancer is visualized with 121In labelled anti-CEA 
antibody. There again is the point about the kinetics. The early image at ten minutes 
is an essential template with which to compare the later image [36]. In fact, there 
is no static scanning in a sense any more. For all static images that are performed, 
whether it is a three phase bone scan or whatever, one would like to see an early 
image to get the flow and background and a later image to see the specific uptake. 
When one has 99Tcm as the label whose half-life matches the kinetics of antibody 
uptake in melanoma one can undertake studies in melanoma of the eye which show 
three millimetre diameter tumours within four hours [37]. There are now available 
kits with the potential for labelling any antibody with technetium and that will remain 
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FIG. 2. Radioimmunoscintigraphy of ocular melanoma using "Tcm labelled antimelanoma 
monoclonal antibody: anterior view of the skull at four hours. Uptake in ocular melanoma is 
arrowed. 

stable in vivo [38], giving the opportunity now to image any tumour using a 99Tcm 

labelled monoclonal antibody. 
So the message here is: the shorter the half-life, the greater the administered 

activity; the higher the count rate, the less the noise; the earlier the detection, the 
smaller the lesion detected. By this approach we have detected many metastatic 
lesions which are not visible on ultrasound or X-ray CT. For example, in ocular 
melanoma the specificity of ultrasound is 17% compared with that of the antibody 
study of 95%, Fig. 2. 

The kinetics of uptake of labelled antibodies enable one to differentiate specific 
from non-specific uptake. Tumour antibody uptake increases with time over the first 
24 hours. Blood pool and non-specific uptake after an initial distribution decrease 
with time. If one takes a series of images over a period of time and analyses them 
in such a way as to identify the time changes, then the combination of uptake and 
temporal change can show sites of specific uptake much smaller than could ever have 
seen before. The early image shows no specific uptake and is the template of normal-
ity. The late image shows specific uptake which differs from normal. Compare the 
two images, just as in an electronics factory a worker using a programmed video 
display will compare an image of one fabricated electronics circuit with another 
known normal electronics circuit to see if there are any mistakes in it. The comparison 
of the two images and identification of tiny differences will indicate the source of 
the error in the electronics circuitry or, in this case, the source of the tumour in radio-
immunoscintigraphy. This approach has been undertaken prospectively in imaging 
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recurrent ovarian cancer, picking up 0.5 cm tumours which cannot be seen by ultra-
sound or X-ray CT [39]. Nuclear medicine now has objective methods for finding 
tumours that cannot be seen clinically or radiologically. 

Remember that the antibody studies are not just for tumours. Indium-Ill 
antimyosin shows myocardial infarction [40]. Technetium-labelled antifibrin demon-
strates deep vein thrombosis and pulmonary embolism, even in the presence of 
anticoagulation [41], and technetium-labelled antibodies react in vivo with white 
cells for imaging abscesses [42]. Advances in monoclonal antibodies that are coming 
range from the oncoprotein specificity for cancer, the spreading use of the tech-
netium label, the humanized antibody structure from genetic engineering, and the 
improvements in emission tomography and sophisticated data analysis [43]. 

Nuclear medicine has two advantages. One is summarized in the Chinese 
proverb, "It is not what a worker looks like. It is how hard he works that counts". 
The radiological techniques can only show what people look like or what organs look 
like, whereas nuclear medicine can measure how they are functioning. Above all, 
nuclear medicine has time, an essential variable which combined with uptake allows 
us to look at the physiological and pathophysiological processes in man with 
accuracy and objectivity. 

In the International Atomic Energy Agency, we are in a privileged position. 
In nuclear medicine we have techniques which are applicable safely and accurately 
to all sorts of clinical problems worldwide. 
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Abstract 

CURRENT STATUS OF NUCLEAR CARDIOLOGY IN THE REPUBLIC OF KOREA. 
Since its introduction 20 years ago, nuclear cardiology in the Republic of Korea has 

grown impressively and is now widely used as a noninvasive procedure in the diagnosis and 
functional evaluation of various types of heart diseases. All of the classes of procedures, that 
is, first-pass radionuclide cardioangiography, gated blood pool scan, myocardial perfusion 
imaging, and myocardial infarct imaging, are being employed frequently and have been the 
subject of numerous studies. First-pass radionuclide ventriculography is being used in the 
detection and quantification of intracardiac shunts, the evaluation of chamber size, function, 
or cardiopulmonary dynamics in various disease states. With gated blood pool scans, several 
parameters of cardiac function are being measured in a variety of conditions including coro-
nary heart disease. Quantifications of regurgitations are also being done. Both thallium-201 
and technetium-99m pyrophosphate are being used in the diagnosis of coronary artery disease. 
Besides clinical imaging, active research in the field of nuclear cardiology has also been taking 
place in the Republic of Korea. Examples include investigations on new imaging agents such 
as "'in-antimyosin monoclonal antibody and hexakis technetium® cations, or instrumental 
developments such as the nuclear stethoscope. Despite such noteworthy accomplishments, 
however, there have also been some obstacles to further developments in the Republic of 
Korea, such as the unavailability of a cyclotron. Nevertheless, considering the rate of expan-
sion these procedures are showing and the effort we are putting into further development, the 
future for nuclear cardiology in the Republic of Korea appears quite promising and may 
become an example for other developing countries. 

1. INTRODUCTION 

During the past decade, rapid technological progress has continued in the field 
of cardiovascular nuclear medicine. And there has been an equally impressive expan-
sion in the field of nuclear cardiology in the Republic of Korea (ROK) which has 
developed steadily during the past 20 years. The medical application of radioisotopes 
here began in 1959, starting with the prescription of radioiodines for hyperthyroid 
patients as in other countries. In 1960, a radioisotope clinic was opened in Seoul 

2 3 
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TABLE I. ANNUAL NUMBER OF CARDIAC IN VIVO STUDIES (SNUH) 

. Angiocardio. 
Gated 
study 

Myocardium scan 

Tc-99m Tl-201 
- Total 

% of total 
in vivo 

Total 
in vivo 

1970 11 11 0.60 1843 

1971 39 39 2.20 1770 

1972 17 17 0.86 1981 

1973 23 23 0.95 2424 

1974 0 0.00 2216 

1975 0 0 .00 993 

1976 18 18 0.54 3313 

1977 29 29 0.78 3715 

1978 22 22 0.64 3436 

1979 319 319 11 649 10.12 6416 

1980 552 552 12 1116 12.43 8979 

1981 1240 1240 10 2490 19.18 12980 

1982 1549 1549 25 3123 22.34 13978 

1983 1365 1365 49 42 2821 18.81 15001 

1984 1177 470 79 23 1749 11.95 14631 

1985 722 254 68 35 1079 7.57 14253 

1986 407 348 65 84 904 6.10 14821 

1987 416 557 47 88 1108 7.13 15536 

Total 7490 6097 319 184 14090 122750 

National University Hospital. In the following year, the Korean Society of Nuclear 
Medicine was founded. And in the spring of 1967, the first edition of the Korean 
Journal of Nuclear Medicine was issued. By that time, nuclear medicine procedures 
were being used in the field of cardiology, measuring such indices as cardiac output, 
blood volume, and so on. In 1968, studies of actual nuclear imaging began, follow-
ing the introduction of the gamma camera to Korea. Then, after the main building 
of Seoul National University Hospital was built, the medical equipment was moder-
nized. This included the introduction of computers, which opened up a new field of 
nuclear cardiology. 
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TABLE II. PROPORTION OF NUCLEAR CARDIOLOGY PAPERS (%) WHICH 
WERE ACCEPTED AT ANNUAL MEETINGS OF KSNM AND IN KJNM 

KJNM KSNM 

1971 5.9% 0.0% 

1975 0.0% 0.0% 

1979 20.0% 10.8% 

1983 13.6% 19.2% 

1987 14.8% 14.6% 

KJNM: Korean Journal of Nuclear Medicine. 
KSNM: Korean Society of Nuclear Medicine. 

The usage of nuclear medicine procedures has increased steadily in the ROK. 
Consequently, in 1987 there were 81 institutes throughout the country doing radio-
isotope studies, 31 of which are equipped with computers making possible the prac-
tice of quantitative nuclear cardiology. Table I shows the annual number of each 
nuclear cardiologie procedure performed. Table II shows the increase in the propor-
tion of nuclear cardiology papers accepted by the Korean Journal of Nuclear 
Medicine. 

2.1. Radionuclide angiocardiography 

The frequency of open heart surgery performed in the ROK is continuously 
increasing (Fig. 1), and this includes operations on intracardiac shunts. The use of 
radionuclear shunt studies has grown accordingly, and we are now studying over 500 
such cases annually in our hospital alone. 

In an effort to assess their value in detecting intracardiac shunts, the radio-
nuclide angiocardiograms of 512 preoperative and 551 postoperative patients were 
reviewed [1]. If we omit the 31 cases in which poor bolus led to technical failure, 
the procedure detected 459 out of 481 preoperative cases with shunt, a rate 
of 95.4%. All the cases in which shunts were not detected proved to have only small 
amounts of shunt. In the postoperative study, remnant shunt was detected in 18 out 
of 411 left to right shunts and 10 out of 140 right to left shunt patients. 

In a study assessing regional blood flow changes in mitral stenosis, a modified 
upper lung/lower lung count ratio was obtained by the counts from the upper one 
third and the lower one third of the lung on the computer image [2]. The UL/LL 
count ratio was 0.93±0.08 in normal controls and 1.72±0.63 in patients with mitral 
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FIG. 1. Annual increase of open heart surgery cases. 

stenosis. Relationship between this ratio and various data from cardiac catheteriza-
tion was sought, and it was discovered that this ratio and the measured pulmonary 
wedge pressure were in a linear relationship (Fig. 2). 

' Other studies have been done in areas such as the quantification of right to left 
intracardial shunts [3], the assessment of right ventricular function in chronic 
obstructive lung disease [4], the evaluation of haemodynamic changes in patients 
with hyperthyroidism [5], Korean haemorrhagic fever [6], and so on. 

2.2. ECG gated blood pool scan 

ECG gated blood pool scan has become widely employed in qualitative and 
quantitative assessments of ventricular function using various parameters. These 
include regional and global ejection fraction [7], wall motion [8] , ventricular volume 
[9], ejection velocity, diastolic filling rate, and regurgitant fraction. 

In a study evaluating the left ventricular ejection fraction in cardiac disease 
[10], the gated blood pool scans of 191 subjects were reviewed. The measured index 
showed a linear relationship with that obtained by cineangiograms, with a correlation 
coefficient of 0.885 and appropriately reflected the degree of cardiac impairment in 
patients grouped into the NYHA (New York Heart Association) classification. 

The peak systolic pressure (PSP)-end systolic volume (ESV) index relation 
was evaluated as a possible index for measuring ventricular performance [11]. 
Results . suggested that the PSP1-PSP2/ESV1 -ESV2 ratio (PSP1 and ESV1 are 
before, PSP2 and ESV2 are after nitroglycerine administration) and the PSP1/ESV1 
ratio may be used as an index of myocardial function. 
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FIG. 2. Correlation between upper lung/lower lung count ratio in heart scan and pulmonary 
wedge pressure. 

In one study, patients with coronary heart disease were evaluated with blood 
pool scan [12], and the results showed that 71% had subnormal exercise induced 
increase in ejection fractions and 58% had abnormalities in regional wall motion. 

In another study analysing the left ventricular diastolic function in coronary 
artery disease [13], the peak filling rates, average filling rates, and ejection fractions 
were shown to be significantly depressed in the resting gated blood scans of these 
patients (each p < 0.005). Even in patients with normal ejection fractions the peak 
filling rates and average filling rates were subnormal in 61.2% and 71.4%, respec-
tively. This suggested these parameters to be a sensitive indicator of left ventricular 
diastolic function in coronary artery disease. 

There was also an evaluation, of regional wall motion in coronary disease 
patients by phase analysis of gated blood pool scans [14]. Results showed it to be 
more sensitive (95%) than cine image of radionuclide ventriculography (70%) in 
detecting left ventricular regional wall motion abnormalities. 

The regional left ventricular ejection fraction was measured in patients with 
acute myocardial infarction to evaluate its usefulness as a prognostic indicator [15]. 
It was also measured in studies where the left ventricles were divided into 12 regions. 

An evaluation of. paradoxical septal movements after cardiac surgery was made 
by using blood pool scan [16] . And 42% of the patients who underwent cardiopulmo-
nary bypass surgery developed such an abnormality after operation. 

In an attempt to determine the effects of thyroid hormone on the left ventricular 
vojume and function, two studies were performed on patients with thyroid diseases. 
One .was on hyperthyroidism [17] and the other on hypothyroidism [18]. Hyper-
thyroid patients showed a significantly higher left ventricular ejection fraction, frac-
tional, shortening, mean velocity of circumferential fibre shortening, and maximum 

n = 37 
r =0 .804 
у = 0 0 4 5 * + 0 . 9 3 1 
p<001 

_l 1 I J 
10 20 30 

Pulmonary wedge pressure (mm Hg) 
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ejection rate. All of these parameters showed a significant decrease after effective 
therapy of the thyroid. 

In the case of hypothyroidism, untreated patients showed a significantly lower 
stroke volume index ejection fraction, and fractional shortening of the left ventricle 
compared to normal controls. Here also, effective treatment returned the parameters 
to normal range. 

Another study involved the effect of haemodialysis on the right and left ventric-
ular volume and function [19]. Indices of left ventricular function did not change 
during haemodialysis, but increased afterwards. Indices of right ventricular function 
fell significantly in the early phase (15 to 30 minutes after initiation), but recovered 
after haemodialysis ended. 

The left ventricular regurgitation amount was measured in patients before and 
after valvular replacement surgery, by calculating the ratio of left/right ventricular 
stroke counts on gated blood pool scan [20]. The patients were grouped according 
to their grade of regurgitation on X-ray cine ventriculography. The stroke volume 
ratio was 2.02+0.29 in mild grades of regurgitation (gr .1-11) and 2.55±0.38 in more 
severe grades (gr.III-IV). The ratios fell to normal values after valvular replacements 
were done. 

2.3. Myocardial scan 

The westernization of life style in the ROK has lead to an increase in coronary 
heart diseases, as shown in Fig. 3. This in turn has led to an increase in the need 
for applications of myocardial scanning. 

There have been studies on the quantitative analysis of thallium-201 
myocardial imaging [21], and on thallium-201 imaging after dipyridamole injection 
[22]. 

An analysis of regional myocardial perfusion using exercise thallium scan was 
done on coronary artery disease patients [23]. The sensitivity in detecting coronary 
artery narrowings of more than 50% of the ariterolaterial, inferior, and posterior wall 
was 70%, 65.4% and 38.2%, respectively. Dipyridamole thallium scans were used 
only in patients inappropriate for exercise tests, but showed equally good results. 

Recently, a study was done on the clinical feasibility of split dose thallium-201 
dipyridamole scans in the diagnosis of angina pectoris [24]. Sixteen of the 18 coro-
nary angiographically proven angina pectoris patients and one out of the 11 normal 
controls showed perfusion defects, giving a 89% sensitivity and 91% specificity for 
the test in diagnosing angina pectoris. This suggested the test as an useful noninva-
sive screening test that can shorten the three hours of previous imagings to one hour. 

As for myocardial infarct imaging, a study of subjects who had undergone 
technetium-99m pyrophosphate scan was done. Patients with acute transmural 
myocardial infarction showed positive scans in 81.6% of the cases. The positive rate 
according to the time interval from the onset of chest pain was 66.9% when done 
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FIG. 3. Change of patients' population with circulatory disease admitted to the Department 
of Internal Medicine, Seoul National University Hospital. 

within 24 hours, 100% between 24 to 48 hours, 92% between 2 to 7 days, 57.1% 
between 8 to 4 days, and 20% when done after 15 days from the onset of symptoms. 
The positive rate of subendocardial infarction patients was 60%. Only one of seven 
unstable angina patients showed a positive scan. 

2.4. Research 

Apart from the clinical studies described above, we have also been actively 
engaged in many experimental studies as well. 

There has been much interest recently in the use of radiolabeled monoclonal 
antibodies, and there has been some work on this subject. 

As one of these studies, the feasibility of 11'in-antimyosin monoclonal anti-
body as an agent for the early detection of adriamycin induced myocardial damage 
was investigated [25]. By measuring the uptake of ulIn-antimyosin antibody 
(AMAb) in the hearts of adriamycin treated rabbits, it was shown that these agents 
could accurately detect adriamycin induced cardiac toxicity. 

In another study, the protective effect of verapamil on ischaemic myocardial 
damage was evaluated using radiolabeled antimyosin antibodies [26]. The verapamil 
treated group showed less uptake of n iIn-AMAb in regions where blood flow was 
below 30% of normal, compared to the control group, supporting the suggestion that 
verapamil reduces myocardial damage following coronary reperfusion in myocardial 
infarction (Fig. 4). 
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FIG. 4. Comparison of myocardial inIn-Ab uptake between verapamil treated group and 
control group. 

New agents for myocardial perfusion are also being studied, and RP-30, a hex-
akis (2-methoxy isobutyl isonitrile) Тс (I) cation, was investigated for such a 
purpose. 

The mean circumferential fibre shortening rate measured by radionuclide 
blood pool scan was evaluated for its usefulness as a parameter for assessing left ven-
tricular dysfunction [27]. It showed strong correlations with other known parameters 
of left ventricular function. 

As for instrumental developments, a nuclear stethoscope has been developed, 
in conjunction with the biomedical engineering department of our hospital. To deter-
mine its efficacy, left ventricular ejection fractions were measured using this device 
and by gated blood pool scan [28]. This showed a correlation coefficient of 0.766 
and a high reproducibility (Fig. 5). 

3. CONCLUSION 

Despite the rapid and noteworthy growth achieved in the field of nuclear cardi-
ology in the ROK, there have, unfortunately, also been many obstacles limiting fur-
ther achievements that might have been possible. One such obstacle has been the 
absence of a cyclotron. Thallium-201, for instance, requires a cyclotron for its 
production. And thus in the ROK, the inability to produce it and the high cost of buy-
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FIG. 5. Relationship of ejection fraction measured by nuclear stethoscope and gamma 
camera. 

ing radiopharmaceuticals from overseas has limited the use of thallium-201 
myocardial scanning. 

Nevertheless, future prospects for nuclear cardiology in the ROK seem any-
thing but dim. Speculations are that in spite of the appearance of new competitive 
modalities, radionuclear methods will retain their unique role in the evaluation of 
cardiac disease. Thus, the use of nuclear cardiovascular procedures here is expected 
to expand continuously, and so will our efforts to participate in making further 
advances in this field. We are expecting to purchase a cyclotron in 1988. And 
although PET is not yet available to us, six SPECTs are already in operation today. 
It is hoped that these will be important contributors to new advances in the near 
future. 
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DISCUSSION 

Invited to comment on the value of 201T1 imaging as compared with gated 
blood pool imaging in nuclear cardiology, Mr. Lee gave his opinion that the two 
methods yielded different information and that each had its place. He emphasized 
that his experience in this regard was limited because of the poor availability of 
201T1 to date in his country. He believed, however, that 201T1 would retain its use-
fulness where it was available, notwithstanding the introduction of 99Tcm labelled 
agents for myocardial imaging. 

Replying to a question regarding the gated blood pool imaging studies on 
hyperthyroid patients which he had presented, Mr. Lee confirmed that in every case 
these studies had shown significantly higher left ventricular ejection fraction, frac-
tional shortening of the left ventricle, mean velocity of circumferential fibre shorten-
ing and maximum ejection rate. The values of all these parameters had decreased 
after effective therapy, returning to the normal range when the euthyroid state was 
reached. 

Replying to another question, relating to the use of dipyridamole in 201T1 
imaging, Mr. Lee indicated that the results that he and his co-workers had obtained 
after dipyridamole administration were generally similar to those after exercise, but 
that washout rates after dipyridamole administration were not always adequate as 
compared with those in the conventional stress method. For this reason they used 
exercise in routine practice, reserving dipyridamole administration for patients to 
whom the stress method was inappropriate because, for example, of disease status 
or old age. 

Asked what had been the time interval between imaging after exercise and 
imaging at rest in the studies with 20IT1 which he had presented, Mr. Lee stated that 
this had been 3 h. It was pointed out that some workers now recommended an inter-
val of 24 or even 72 h, so that conditions such as 'hibernating myocardium' or 
'stunned myocardium' could be excluded when myocardial viability was assessed. 
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In further discussion, Mr. Lee indicated that a clinical trial of 99Tcm MIBI 
(RP-30), the new 99Tcm-labelled agent for myocardial imaging, by him and his co-
workers had suggested better image resolution and lesion detectability with the new 
agent as compared with 201T1. Final conclusions, however, awaited the completion 
of additional studies and a quantitative evaluation of images now under way. • 
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Abstract 

DIFFERENTIATION OF CARDIOMYOPATHY USING QUANTITATIVE PARA-
METERS BY MUGA STUDY. 

Cardiomyopathy as an independent entity or as a complication of a generalized disorder 
has been a problem as regards both diagnosis and management. So far no reliable'quantitative 
parameter for detection and monitoring of therapy is available which can be derived from 
noninvasive investigation. Twenty patients suspected to have cardiomyopathy were evaluated 
by a multigated data acquisition study (MUGA). The suspicion was based on clinical 
symptoms, chest X-ray finding and findings of surface electrocardiography (ECG) and 2-D-
echocardiography. Aetiologically the patients could be divided into three groups although clin-
ical symptoms and investigative findings overlapped. Group A consisted of five patients 
between 20 and 26 years of age who had no aetiological factor that could be attributed to their 
disease. This group probably represents the primary myocardial disease (PMD). Group В con-
sisted of six patients in the age ranging from 35 to 50 years where excessive alcohol consump-
tion and chronic collagenous disease was attributed to be the cause of the cardiomyopathy. 
This group probably represented the non-ischaemic congestive cardiomyopathy (NICC). 
Group С consisted of nine patients in the range of 40 to 55 years of age who had episodes 
of ischaemic attacks or had a history of ischaemic heart disease (IHD). They probably 
represented cases of ischaemic congestive cardiomyopathy (ICC). The results of the MUGA 
study showed similar findings for both group A and В patients, namely, enlargement of both 
ventricular blood pools, low global ejection fractions (GEF), and generalized hypokinesia to 
akinesia with low values of sectorial ejection fractions. However, some patients of group В 
showed improvement of their GEF values after treatment. The group С patients showed 
moderately low left ventricular global ejection fraction (LVGEF) with normal right ventricular 
global ejection fraction (RVGEF). Only the left ventricular blood pool was enlarged and only 
segmental hypokinesia with corresponding, low sectorial ejection fractions were obtained. 

35 
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1. INTRODUCTION 

Various types of cardiomyopathy in different age groups have been a continu-
ing medical problem in developing countries. Because of the lack of reliable quantita-
tive parameters it has not been easily possible to differentiate various types of 
cardiomyopathy and to monitor the response to different forms of treatment. With 
the application of cardiovascular nuclear medicine, which is of course limited to 
post-graduate institutions or some referral hospital of metropolitan cities, it has been 
increasingly possible to diagnose and provide quantitative parameters for classifica-
tion of the disease and monitor the response to therapy. The present study has been 
aimed at diagnosing and evaluating quantitatively the various types of cardiomyopa-
thy and to document the response to treatment of a small group of patients. 

2. MATERIAL AND METHODS 

A radionuclide ventriculography (RNV) study was performed in 20 patients 
with congestive cardiomyopathy and primary myocardial disease (PMD) who 
showed generalized low voltage in surface electrocardiography studies and the 
presence of hypokinetic or akinetic segments of both left and right ventricles or either 
ventricle in 2-D-echocardiography. In vivo blood pool labelling was achieved by an 
intravenous injection of 20 mCi 99Tcm pertechnetate 30 minutes after IV adminis-
tration of stannous chloride. Imaging and data acquisition were then started in syn-
chronization with the R-wave of the ECG by means of a gamma camera interfaced 
with a dedicated nuclear medicine computer. A few patients were given a 40 watt 
load exercise in order to check their response. 
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FIG. 1. Bar diagram showing spectrum of cardiomyopathy in various age groups. 
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FIG. 2. Multigated cardiac acquisition study of patient showng biventricular enlargement 
with poor left and right ventricular global ejection fraction. 

Each patient was placed on a special supine bicycle exercise table and ECG 
gated images were obtained in left anterior oblique (LAO) view. A modified LAO 
view was chosen in order to obtain optimal separation of LV and RV (35 ° LAO with 
a 15° caudal tilt), thereby permitting more accurate calculation of LV and RV ejec-
tion fraction by taking the ROI over the ventricles of smoothed dynamic images. 
Similarly quantitative RWM (regional wall motion) analysis was also evaluated. 

3. RESULTS 

The study comprised 11 males and 9 females aged 20-55 years with suspected 
cardiomyopathy, as shown in the bar diagram, Fig. 1. Of twenty patients, five 
patients were in the age group of 20-26 years, six patients in the age group 
35-50 years and nine patients in the age group 40-55 years (Figs 2-5). All these 
patients showed generalized low voltage in surface electrocardiography, enlargement 
of cardiac contour of one or both ventricles in chest skiagram, and 2-D echocardio-
graphy also revealed generalized or localised hypokinesia to akinesia involving left 
or right ventricles or both. 



FIG. 3. Multigated cardiac acquisition study of another patient with primary myocardial dis-
ease showing biventricular enlargement with poor left, right global ejection fractions and poor 
regional ejection fraction. Phase histogram representing the abnormal contraction pattern of 
ventricle. 

FIG. 4. Multigated cardiac acquisition study of patient with non-ischaemic congestive 
cardiomyopathy (NICQ showing biventricular enlargement with poor left, right global ejec-
tion fractions and poor regional ejection fraction. 
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F/G. 5. Multigated cardiac acquisition study of patient with ischaemic congestive cardio-
myopathy (ICC) showing predominant enlargement of left ventricular blood pool with poor left 
ventricular global and regional ejection fractions. 

Quantitative analysis of radionuclide ventriculography revealed that of 20 
patients studied, five patients in the age group 20-26 years showed enlargement of 
both ventricular blood pools with poor left ventricular and right ventricular ejection 
fractions (LVEF = 15±3% and RVEF = 12±3%) (Figs 2, 3). Quantitative and 
regional EF wall motion analysis in this group also revealed evidence of generalized 
hypokinesia to akinesia involving both ventricles. A second group of six patients in 
the age group 35-50 years showed enlargement of both ventricular blood pools with 
poor left ventricular and right ventricular ejection fractions 
(LVEF = 18±3%, RVEF = 16±3%) with evidence of generalized hypokinesia to 
akinesia (Fig. 4). A third group comprising nine patients in the age group 40-55 
years showed predominantly enlargement of the left ventricular blood pool with a 
moderately low left ventricular ejection fraction (LVEF = 30±3 - 36±3% and nor-
mal RVEF = 38±3 - 43±3%) (Fig. 5). Quantitative wall motion and regional ejec-
tion fraction analysis also revaled segmental hypokinesia to akinesia involving either 
septum or apico-inferior or posterolateral walls. A bicycle exercise study was per-
formed only on five patients showing poor adaptability to stress. 
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TABLE I. FINDINGS OF RNV STUDY IN PATIENTS WITH CARDIO-
MYOPATHY (N=20) 

Age Nature of Total 
in LVGEF RVGEF wall motion number of 

years abnormality patients 

20 1 3 ± 3 1 6 ± 3 Generalized hypokinesia 

38 15 ± 3 1 2 ± 3 Generalized hypokinesia 

23 1 0 ± 3 1 3 ± 3 Generalized hypokinesia 

40 34 ± 3 41 ± 3 Akinesia of anteroseptal 
wall and hypokinesia o f 
posterolateral wall 

42 3 9 ± 3 34 ± 3 Hypokinesia of 
anteroseptal wall 

46 3 8 ± 3 32 ± 3 Hypokinesia of 
anteroseptal wall 

48 36 + 3 4 0 ± 3 Hypokinesia of 
anteroseptal wall 

52 3 2 ± 3 35 ± 3 Hypokinesia of 
posterolateral wall 

54 3 4 ± 3 3 2 ± 3 Akinesia of postero-
lateral and apico-
inferior area 

26 1 8 ± 3 1 4 ± 3 ' Generalized hypokinesia 

42 1 4 ± 3 11 ± 3 Generalized hypokinesia 

55 2 9 ± 3 3 3 ± 3 Hypokinesia of antero-
septal and postero-
lateral wall 

53 . 3 9 ± 3 . 30 ± 3 Hypokinesia of antero-
septal and postero-
lateral wall 

4 9 , 3 1 ± 3 3 8 ± 3 Hypokinesia of antero-
septal and postero-
lateral wall 

24. • 1 2 ± 3 1 0 ± 3 Generalized hypokinesia 

4 6 ' 1 7 ± 3 12 ± 3 Generalized hypokinesia 
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TABLE I. (cont.) 

• 

Age Nature of Total 
in LVGEF RVGEF wall motion number of 

years abnormality patients 

25 1 4 ± 3 1 4 ± 3 Generalized hypokinesia 

49 1 3 + 3 1 1 ± 3 Generalized hypokinesia 

50 1 6 ± 3 1 6 ± 3 Generalized hypokinesia 

39 1 5 + 3 1 0 ± 3 Generalized hypokinesia 

± 3 indicates variation in automode and manual mode of calculation of global EF. 

4. DISCUSSION 

Parameters of left ventricular performance such as global ejection fraction, 
regional ejection fraction and quantitative wall motion analysis are useful indicators 
of left ventricular function and are frequently reduced in primary myocardial disease 
or cardiomyopathy. The aetiology of primary myocardial disease or cardiomyopathy 
is classified into two categories. The first group, comprising five patients in the age 
group 20-26 years, shows enlargement of both ventricular blood pools with poor left 
ventricular and right ventricular ejection fractions, as shown in Table I. This group 
probably represents the group of primary myocardial disease (PMD) where no 
definite aetiological factor was attributed. The second group of six patients, in the 
age group 35-50 years, showed enlargement of both ventricular blood pools with 
poor left and right ventricular ejection fractions (LVEF = 18 ± 3 - 22 + 3%) and 
RVEF = 16 + 3 - 18±3%) with generalized hypokinesia to akinesia. This group 
probably represent the group with non-ischaemic congestive cardiomyopathy 
(NICC) where alcohol and other chronic collagenous diseases such as primary 
amyloidosis, scleroderma, sarcoidosis, haemochromatosis and endocardial, fibrosis 
in Africa were attributed to be the important causes. The third group, comprising 
nine patients in the age group 40-55 years, showed only enlargement of the left ven-
tricular blood pool with moderately low left ventricular ejection fraction (LVEF = 
30±3 - 36 + 3%) and normal right ventricular ejection fractions (RVEF = 38±3 
- 4 3 + 3 % ) . This group probably has ischaemic congestive cardiomyopathy, as 
shown in Table I. Six patients in the age group with NICC or alcoholic cardiomyo-
pathy were given parenteral injections of vitamins B! + B2 + B6 + B12 thrice 
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TABLE II. IMPROVEMENT IN GLOBAL EJECTION FRACTION FOLLOW-
ING MULTIPLE SCHEDULES OF MULTIVITAMIN THERAPHY GIVEN TO 
PATIENTS WITH ALCOHOLIC CONGESTIVE CARDIOMYOPATHY 

Before treatment After treatment 
No. of pattern LVGEF RVGEF LVGEF RVGEF 

(%) (%) (%) (%) 

1 15 + 3 1 2 + 3 32 ± 3 2 6 ± 3 

2 16H-2 1 4 + 3 36 ± 3 28 ± 3 

3 1 8 + 3 1 5 + 3 39 ± 3 3 0 ± 3 

4 19 ± 3 1 7 ± 3 3 8 + 3 3 4 ± 3 

5 20 ± 3 1 6 ± 3 4 0 + 3 3 2 ± 3 

6 17 + 3 1 3 ± 3 3 5 ± 3 26 ± 3 

± 3 indicates variation in automode and manual mode of calculation of global EF. 

weekly for about three months and the MUGA study was repeated, showing moder-
ate improvement in the global and regional ejection fractions of both left and right 
ventricles, as shown in Table II. Other groups with cardiomyopathy or PMD did not 
show any improvement with this therapy. 

So we arrive at the following conclusions. 

(1) It is certainly necessary to detect and quantitate the' ventricular functions in 
patients with primary myocardial disease or cardiomyopathy in various age 
groups. 

(2) It is possible to differentiate between ischaemic congestive cardiomyopathy 
and non-ischaemic congestive cardiomyopathy by subjecting the patients to a 
MUGA study. 

(3) Patients having alcoholic congestive cardiomyopathy responded to multiple 
schedules of intramuscular injection of vitamins B, + B2 + B6 + B12. 
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DISCUSSION 

Responding to a comment that the conventional MUGA study was not very 
sensitive in differentiating ischaemic from non-ischaemic cardiopathy, but that its 
sensitivity might be improved by phase amplitude analysis of the image data, Mr. 
Das stressed that the diagnoses in the work presented had been based mainly on case 
histories. The image data had been evaluated by various techniques, including phase 
amplitude analysis. He agreed, though, that a MUGA study alone would be insuffi-
cient for the diagnosis of ischaemic disease. A MUGA study with exercise would 
be helpful in this respect, but most of the patients investigated in the work presented 
would not have tolerated significant exercise. 

Replying to a question regarding the reported improvement in ejection frac-
tions after vitamin therapy, Mr. Das stated that the vitamins specified had been given 
in addition to other medication. 

Speaking from the chair, Mr. Cuarón asked how the ROI for background sub-
traction had been chosen in the work presented. Mr. Das stated that these had always 
been taken as close as possible to the lateral edge of the left ventricle. 

Referring to Table I in the paper, a speaker questioned the néed for both auto-
mode and manual mode of calculation of global EF, if both gave identical variations 
of +3%. Mr. Das answered that the results for both modes were reported only 
because a standard protocol incorporating both had been used for data analysis. The 
variations were indeed the same. 
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Abstract 

VALUE OF ATRIAL PHASE ANALYSIS OF RADIONUCLIDE VENTRICULOGRAPHY 
IN PATIENTS WITH SUPRAVENTRICULAR TACHYCARDIA TO ASSESS RETRO-
GRADE VENTRICULO-ATRIAL CONDUCTION: CORRELATION WITH ELECTRO-
PHYSIOLOGICAL STUDY. A PRELIMINARY REPORT. 

The goal of this research was to, evaluate atrial phase analysis of radionuclide 
ventriculography (RNV) to demonstrate retrograde ventriculo-atrial (VA) conduction during 
induced tachycardia in patients with paroxysmal supraventricular tachycardia, as a means to 
locate the site of pathological conduction. Six patients were included in the study after obtain-
ing informed consent from all (four females and two males, mean age 36 years, range 17-59). 
Only if the result of the electrophysiological study (ES) revealed retrograde conduction during 
the tachycardia were the patients included in the protocol. Gated RNV was performed 
employing autologous labelling of red blood cells with 25 to 30 mCi of 99Tcm injected 
intravenously, using an Ohio 410 sigma gamma camera and a Digital PDP 11/34 computer, 
in the left anterior oblique projection, both in basal conditions and during induced tachycardia. 
Processing allowed the calculation of right and left ventricular ejection fraction 
(RVEF/LVEF) and first harmonic Fourier analysis, obtained also with regions of interest in 
thé four cardiac chambers. The ES revealed a concealed accessory tract in five cases (four in 
the LV and one along the septum), and a nodal supraventricular tachycardia in the resting case. 
The RNV showed normal ventricular function in a basal study. During the tachycardia the 
biventricular EF decreased in five patients and increased in one. Phase analysis showed a 
normal pattern in basal RNV. In the patients with left tract, the phase study during the 
tachycardia was not diagnostic in one case and showed asymmetric atrial contraction, the left 
being in phase with the ventricles in three cases. In the patient with a concealed septal tract 

* Supported by FONDECYT (Grant 141/86), Fondo Nacional de Desarrollo Cien-
tífico y Tecnológico, Santiago, Chile. 

4 5 
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and in the one with a nodal tachycardia, the phase images disclosed right and left atrial 
contraction in synchrony with the ventricles. We conclude that phase analysis of atria during 
induced supraventricular tachycardia correlates satisfactorily with ES and allows indirectly the 
location of abnormal rétrograde VA conduction in patients with supraventricular tachycardia. 

1. INTRODUCTION 

Fourier analysis (FA), obtained from radionuclide ventriculography (RNV), is 
currently used to assess cardiac conduction and contraction abnormalities [1-3]. In 
relation to conduction pathology, it has been employed to evaluate bundle branch 
blocks, pacemakers and pre-excitation syndroms [4-8]. 

In patients with Wolff-Parkinson-White Syndrome (WPWS) and overt pre-
excitation, phase analysis may be useful to locate the bypass when it is laterally 
positioned [6-8]. However, when there is a concealed tract or no pre-excitation, FA 
images in resting conditions can be normal [9]. 

The purpose of this research was to evaluate atrial phase analysis for demon-
strating retrograde ventriculo-atrial (VA) conduction during induced tachycardia in 
patients with supraventricular tachycardia and indirectly to localize the accessory 
tract, correlating the RNV results to the electrophysiological study (ES). 

2. MATERIAL AND METHODS 

Six patients suffering from supraventricular tachycardia were included in the 
study after obtaining informed consent from all. The group was composed of four 
females and two males, mean age 36 years and range 17-59 years, who were being 
evaluated as part of routine clinical workup (Table I). 

A physical examination, ECG and 2-D echocardiography were carried out 
first. Afterwards, the patients underwent ES, performed by the femoral route [10]. 
Briefly^ three catheters were introduced, one in the right atrium (RA), a second for 
registering the bundle of His and the third in the coronary sinus to register activity 
in the left atrium (LA). The tachycardia was induced by RA pacing, according to 
well established criteria [11]. The equipment employed was a Medtronic device, 
Model 5325. Only if the results of the ES revealed retrograde conduction during the 
tachycardia were the patients considered for the radionuclide protocol. 

The RNV was performed the same day as the ES, employing autologous label-
ling of red blood cells with stannous chloride and 25-30 mCi of 99Tcm injected 
intravenously. Gated RNV was done with an Ohio 410 sigma gamma camera and 
a Digital PDP 11/34 computer1. 

1 Facilities of the Comisión Chilena de Energía Nuclear. 
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TABLE I. GENERAL DATA IN PATIENTS WITH SUPRAVENTRICULAR 
TACHYCARDIA STUDIED WITH PHASE ANALYSIS 

Case Age Sex Clinical diagnosis ES findings 

1 59 M Supravent. tachycardia Concealed left tract 

2 18 M Supravent. tachycardia Concealed left tract 

3 17 F Supravent. tachycardia Concealed left tract 

4 43 F Supravent. tachycardia Concealed left tract 

5 51 F Supravent. tachycardia Nodal tachycardia 

6 26 F Supravent. tachycardia Concealed sept, tract 

Mean = 36. 
SD = 17.8. 
ES = Electrophysiological study. 
Supravent. = supraventricular. 
Sept. = septal. 

Acquisition was performed in the best septal left anterior oblique projection, 
both in basal conditions and during induced tachycardia, collecting 8-12 million 
counts per view although this was not always achieved, especially during 
tachycardia. The cardiac cycle was divided into 32 x 32 matrices, with 15-20 ms 
frame duration. After interpolation into 64 X 64 matrices and temporal and spatial 
smoothing, processing allowed the calculation of the right and left ventricular ejec-
tion fraction (RVEF-LVEF) and first harmonic Fourièr analysis. Phase amplitude 
and histogram images were obtained in the whole study and after drawing regions 
of interest in the four cardiac chambers. FA was interpreted taking into account the 
images proper, and the phase mode values in each cavity. For simplicity, each 
cardiac cycle was divided from 1 to 64, then approximately 1 division = 5.625 
degrees. The mode values were also compared to the values of a control group 
composed of 15 normal subjects studied in resting conditions. 

3. RESULTS 

Physical èxamination, surface ECG and 2-D echocardiography were normal in 
all cases. The ES revealed a concealed accessory tract in five out of six cases. Four 
of these were located laterally in the LV and one along the septum. In one case a 
nodal supraventricular tachycardia was disclosed in the ES. 
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TABLE II. HEART RATE AND EF IN SIX CASES IN RESTING CONDITIONS 
AND DURING INDUCED TACHYCARDIA 

Heart rate LVEF RVEF 

Case basal tachycardia basal tachycardia basal tachycardia 

1 59 150 54 46 52 32 

2 82 150 71 57 50 33 

3 125 222 66 51 49 41 

4 69 175 63 68 39 48 

5 75 234 75 70 48 47 

6 89 204 63 41 52 40 

mean 83 189 65 56 48 40 

SD 25.5 36.2 7.3 11.7 4.8 6.7 

The RNV showed normal ventricular function in the basal study (mean heart 
rate = 83/min) with a mean RVEF = 48 ± 4.8% (standard deviation) and mean 
LVEF = 65 ± 7.3%. During the tachycardia (mean heart rate = 189/min) the 
ventricular function decreased in five patients and increased in one. Mean RVEF was 
= 40 ± 6.7% and LVEF = 56 ± 11.7% (see Table II). 

In relation to phase analysis imaging, patients showed a normal pattern in basal 
RNV. Activation of atria was simultaneous. In the ventricles, earlier contraction of 
the septum spreading synchronously to both ventricles was noted. During the 
tachycardia, the result of the phase study in the patients with a left tract was consi-
dered normal in one case and showed asymmetric atrial contraction, with the left 
atrium 'in phase' with the ventricles in the other three cases. In the patient with a 
concealed septal tract and in the one with a nodal tachycardia, the phase images 
disclosed right and left atrial contraction in synchrony with the ventricles. Phase 
mode values were in the normal range in resting conditions. LV mean was 15; 
RV was 15 + 1.5; LA was 46 ± 1.4 and RA was 49 ± 3.0 (mean +1 SD) (see 
Table 1П for control group values). During the tachycardia, in two cases of patients 
with a left tract they followed the normal distribution, that is to say the ventricles 
mode values distinct from those of the atria. (Cases 2 and 3 in Table III.) In the other 
two cases the LA modes appeared within the range of the ventricles' value, the RA 
being normally located (Cases 1 and 4 in Table III.) Finally, in the remaining two 
cases both LA and RA had values in the range of the ventricles. (Cases 5 and 6 in 
Table III.) 
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TABLE III. PHASE ANALYSIS RESULTS DURING INDUCED 
TACHYCARDIA 

Case ES diagnosis 
Phase analysis 

Images 
LV 

Mode value" 
RV LA RA 

1 C. left tract Left tract 15 7 6 35 

2 C. left tract Normal 16 11 35 39 

3 C. left tract Left tract 15 14 31 40 

4 C. left tract Left tract 15 15 14 43 

5 Nodal tachyc. Septal tract 15 13 2 19 

6 C. left tract Septal tract 14 11 16 17. 

Mean 15.0 11.8 17.3 32.2 

SD 0 .6 2 .9 13.2 11.3 

a Location of mode of each cardiac chamber in histogram limited from 1 to 64 in the cardiac 
cycle (1 division = 5.625 degrees approximately). 

C. = concealed, LV = left ventricle, RV = right ventricle, LA = left atrium, 
RA = right atrium. 

Normal reference mode values in resting conditions: 
LV = 15 ± 0.3 (mean ± 1 SD) 
RV = 15 ± 1.2 
LA = 48 ± 2.6 
RA = 49 ± 2.4 

4. DISCUSSION 

Phase analysis of resting RNV is currently used to locate the site of accessory 
tracts in patients with pre-excitation syndromes such as WPWS [6-9]. In these 
patients, phase analysis of ventricular activity can be assessed because the tract 
conduction is antegrade. In cases with concealed tracts and anomalous VA conduc-
tion only during the tachycardia, resting studies may be normal. 

In the present research it was found that all patients studied had normal phase 
images and also normal mode values in resting studies, which is in agreement with 
the literature [9]. 

On the other hand, in patients with retrograde VA conduction during 
tachycardia, we demonstrated that phase images at atrial level detected earlier LA 
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contraction in the cases where the bypass was in the LV and earlier contraction of 
both atria if the pathway was in the septum. FA images detected five out of six cases 
with retrograde VA conduction and mode values could be considered abnormal in 
four out of six. A short acquisition during the tachycardia may have contributed to 
less diagnostic imaging in these cases. 

We believe these findings can be explained on the basis of fast conduction by 
the pathway with generation of a contraction of good amplitude in the left atrium 
when there is a left tract and in both atria when it is septally located. Because the 
atrio-ventricular valves are closed at this moment, the emptying is backwards into 
the pulmonary and cava veins [12]. 

The decrease of biventricular EF during the tachycardia in five cases may be 
explained by diminution of diastolic filling with high heart rate. 

We conclude that it is possible to demonstrate retrograde VA conduction in 
concealed tracts and in nodal tachycardia with FA, if the atrial activity is analysed 
during the tachycardia. 
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DISCUSSION 

A speaker commented that the paper illustrated the principle put forward by 
Mr. Britton in his keynote address that the potential contributions of nuclear medi-
cine were the same in developing countries and in advanced countries and that the 
speciality should be practised at the same analytical level in both, provided that the 
necessary facilities were available. He enquired whether Mr. González and his co-
workers had attempted to evaluate the sensitivity and specificity of their technique 
in other cardiac diseases, by retrospective studies. Mr. González replied that they 
had not as yet done this, since their primary concern had been to establish the tech-
nique's applicability in the particular condition under study. 

Another speaker questioned the use of first-harmonic Fourier analysis in the 
work presented, stating that in his experience this might be insufficient for 
quantitative assessment of the changes associated with retrograde VA conduction. 
Mr. González indicated that the shapes of the time/activity curves for the four 
patients with abnormal mode values studied were such that the first harmonic gave 
a sufficient fit to the data. He accepted that in doubtful cases multi-harmonic analysis 
might be necessary. 
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Abstract 

CARDIAC RESPONSE TO VARIOUS ACTIVITIES IN ISCHAEMIC HEART DISEASE 
PATIENTS EVALUATED BY AN AMBULATORY VENTRICULAR MONITOR (VEST). 

To assess the cardiac response to various forms of exercise in ischaemic heart disease 
(IHD), left ventricular function was continuously measured with an ambulatory ventricular 
monitor (VEST) in three normal subjects and 15 IHD patients. Treadmill exercise (early stage 
(El) , end stage (E2) and recovering standing state (RE)), walking (WK), climbing stairs (CS), 
and eating (ET) were used for exercise. Fifteen IHD patients were divided into four groups 
according to their response to treadmill exercise. In group 1 (Gl), left ventricular ejection 
fraction (LVEF) increased gradually at stage 1 and reached a plateau from stage 2 to the end 
stage, as with a normal group. In group 2 (G2), LVEF increased at stage 1 and reached a 
plateau from stage 2 but decreased more than 5% from maximal EF at the end stage. In group 
3 (G3), LVEF increased only at stage 1 and.decreased immediately after stage 1 up to the end 
stage. The decrease of LVEF at the end stage from standing was more than 5%. In group 4 
(G4), LVEF decreased at stage 1 and became minimum at the end stage. This grouping was 
well related to thallium redistribution (TI RD) score and coronary arteriography (CAG) score. 
By this simple device and using inexpensive radiopharmaceuticals we could predict the 
severity of coronary artery disease from this grouping because all group 3 or 4 patients had 
severe coronary artery disease. VEST was useful for the evaluation for the tolerance to daily 
activities. Groups 1, 2 and 3 tolerated daily activities while group 4 could not always. The 
degree of the increase in cardiac output during ischaemia evaluated by VEST may be a useful 
index of the tolerance to exercise. An advantage of this method is the low investment needed 
tó cope with increasing heart disease both in developed and developing countries. 
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1. INTRODUCTION 

Using an ambulatory ventricular monitor (VEST), the continuous change of the 
left ventricle can be monitored during various kinds of exercise, including daily 
activities [1-7]. 

We applied VEST to ischaemic heart disease (IHD) patients to evaluate its abil-
ity to detect transient ischaemia caused by exercise, to predict the severity of IHD 
and to estimate the tolerance of IHD patients to daily activities. 

Using this simple device and inexpensive radiopharmaceuticals, increasing 
ischaemic heart disease can be noninvasively evaluated both in developed and 
developing countries. 

2. MATERIALS AND METHODS 

Three norma] subjects and 15 IHD patients were studied. All subjects under-
went coronary arteriography, thallium myocardial SPECT and exercise ECG within 
one week before or after VEST study. 

After the subjects had put on VESTs, baseline measurements were made while 
the subjects were standing quietly for 10 minutes (ST). Subjects performed treadmill 
exercise using Bruce's protocol. Baseline values were compared with early stage 
(El), end stage (E2) and recovery stage (RE) of treadmill exercise and with those 
recorded while the subjects were sitting for ten minutes (SI), walking for 200 metres 
(WK), climbing up three flights of stairs (CS) and eating lunch (ET). 

After the completion of the protocol, VEST radionuclide data were processed 
by computer [3-5]. The radionuclide and ECG data were summed for fifteen seconds 
to calculate the ejection fraction (EF), relative end-diastolic and end-systolic volumes 
(EDV and ESV), relative cardiac output (CO) and heart rate (HR). EF was calculated 
from the stroke counts divided by the background-corrected end-diastolic counts. 
Seventy per cent of end-diastolic counts were used for background [5]. Relative EDV 
was expressed as 100% at the beginning of the study. Relative CO was calculated 
as relative stroke volume multiplied by heart rate [3-5]. 

Exercise thallium myocardial SPECT was performed within one week of the 
VEST study. The myocardial wall was divided into nine regions, apex, upper and 
lower part of anterior wall, postero-inferior wall, lateral wall and septum. The 
thallium redistribution (TI RD) score was calculated by the. number of regions in 
which complete or incomplete redistribution was observed. 

Coronary arteriography (CAG) was performed within one week of the VEST 
study. The CAG score was calculated as the sum of the site point multiplied by the 
stenosis severity point. LAD proximal site rated 2 points, LAD mid site, RCA 
proximal site and Lex proximal site rated 1 point. 99% stenosis or 100% obstruction 
rated 4 points, 95% stenosis 3 points, 90% stenosis 2 points and 75% stenosis 
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FIG. 1. The grouping of IHD patients by the EF response to treadmill exercise evaluated 
by VEST. 

1 point. Only the main stenosis site was calculated when there were multiple stenosis 
sites in one vessel and the maximum score was 16 points. 

3. RESULTS AND DISCUSSION 

Fifteen IHD patients were divided into four groups by the LVEF; responses to 
the treadmill exercise (Fig. 1). In group 1 (Gl); LVEF increased gradually at stage 
1 and reached a plateau from stage 2 to the end stage, as with a normal group. In 
group 2 (G2), LVEF increased gradually at stage 1 and reached a plateau from stage 
2 but decreased more than 5% from maximal EF; at the end stage. In group 3 (G3), 
LVEF increased only at stage 1 and decreased immediately after stage 1 up to the 
end stage. The decrease of LVEF at.the end stage from standing was more than 5%. 
In group 4.(G4), LVEF did not increase at stage 1 and became minimum at the end 
stage: - .•• , • • . • . • • • . . • • • : 

Comparing the results of VEST with exercise ECG and thallium myocardial 
SPECT, the sensitivity to detect exercise-induced myocardial ischaemia.by VEST 
was excellent because in all cases in which ST depression or thallium, redistribution 
was.observed (12 cases and 13 cases among 15; IHD patients respectively), EF 
decrease, was detected by VEST. Continuous EF monitoring by VEST enabled the 
detection of exercise-induced ischaemia more easily because the^ maximal EF during 
exercise and the EF at maximal exercise can be easily compared and the abnormality 
can be detected in cases where the EF at maximal exercise does not decrease from 
the EF at resting state. 
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FIG. 2. The change of LVEF from standing to treadmill exercise. El, E2, RE: Early stage, 
end stage and recovering stage of treadmill exercise. 

The TI RD score and С AG score were well related to this grouping by VEST. 
The T1 RD scores of groups N, 1, 2, 3 and 4 were 0, 0, 1.4 ± 0.9, 4.3 ± 1.7, 
4.8 ± 0.8 and the CAG scores of groups N, 1, 2, 3 and 4 were 0, 1, 4.1 ± 3.0, 
8.3 ± 0.5, 11.8 ± 1.1. In all cases in groups 3 and 4, the CAG score was more 
than 8 and all cases had LAD proximal 99% stenosis or 100% obstruction or severe 
multiple vessels disease. So if an IHD patient was classified into group 3 or 4 by 
VEST, severe coronary artery disease would be predicted. Most of group 2 patients 
had one vessel coronary disease. But one case with severe multiple vessels disease 
had good collaterals and the extent of thallium redistribution was limited. 

As shown in Fig. 2, during treadmill exercise in group N or 1, the increase 
of EF at stage 1 or at the end stage from resting in the standing state was more than 
15%, and the EF at recovering state was still higher than at standing state before 
exercise. In group 2, the increase of EF at stage 1 was 15% on average, which was 
as high as group N, but EF decreased at the maximal exercise from stage 1 more 
than 10%, which meant exercise induced ischaemia. But the EF at maximal exercise 
was 3% higher than at resting state. The EF change at maximal exercise after the 
resting state was - 5 % to 0% in three cases, 0% to +4% in one case and more than 
+5% in three cases. The EF at recovering standing state was 14% higher than at 
standing state before exercise. In group 3, the increase of EF at stage 1 was 10% on 
average, which was smaller than groups N, 1 and 2. But the EF at maximal exercise 
in all cases in group 3 was on average 8% lower than at resting state. The EF at 
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FIG. 3. The change of LVEF by sitting (SI), walking (WK), climbing stairs (CS) and eating 
lunch (ET) after standing (ST) or sitting. 

recovering standing state was 11% higher than at standing state before exercise. In 
group 4, EF decreased from stage 1 and the EF at maximal exercise was 11 % lower 
than at resting state. The EF at recovering state was 9% higher than at standing state 
before exercise. 

As shown in Fig. 2, in groups 2, 3 and 4, during recovering stages EF 
increased to a value as high as or higher than the maximal EF during exercise. We 
postulate that the EF increase during recovering state may be a compensating 
mechanism for an insufficient increase of cardiac output during exercise. 

As to the cardiac capacity during daily activities, the EF increase during 
walking and climbing stairs was about 15% in groups N , 1 , 2 and 3 while the EF 
increase was very small in group 4. Although group 3 and 4 patients both had severe 
coronary artery disease, group 3 patients tolerated daily activities such as walking 
and climbing stairs while group 4 patients could not always (Fig. 3). 

As to EDV change, EDV decreased during standing after sitting in all groups, 
and it increased during treadmill exercise, walking and climbing stairs in all groups. 
This may be explained by venous return from venous blood pool [7] and there was 
no difference in the degree of EDV change in all groups. The increase of EDV 
during exercise was not larger in group 4 than other groups (Fig. 4). 

As to CO change during treadmill exercise, there were differences between 
groups 1, 2, 3 and 4. We think that the degree of CO increase during exercise is 
a useful index of the cardiac capacity during exercise (Fig. 5). 
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FIG. 5. The relative cardiac output ratio to standing during treadmill exercise. Al, E2 and 
RE are the same as in Fig. 2. 

4. . CONCLUSION 

We could detect exercise-induced ischaemia by VEST more sensitively than T1 
myocardial SPECT or EX ECG. 

We could classify IHD patients into four groups by the EF response to tread-
mill exercise.by , VEST and from this grouping we could predict the severity of coro-
nary artery disease (CAD). 
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Although group 3 and 4 patients both had severe CAD, group 3 tolerated daily 
activities while group 4 could not always. VEST was useful for the evaluation for 
the cardiac capacity during daily activities. 

In IHD patients during recovering state, EF increased to a value as high as the 
maximal EF during exercise, which may be a compensation mechanism for the rela-
tively low cardiac output during ischaemia. 

The degree of the increase in cardiac output during ischaemia evaluated by 
VEST may be a useful index of the tolerance to exercise. 
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DISCUSSION 

A speaker questioned the figure of 70% of the end-diastolic count rate used 
by Mr. Ohtake and his co-workers for background subtraction in the work presented. 
He agreed that this seemed a reasonable approximation, but asked whether they had 
verified its correctness. Mr. Ohtake replied that they had studied the matter using 
a monitor directed at the right lung. The results during standing after sitting, tread-
mill exercise, walking after standing and climbing stairs after standing showed a 
good correlation between lung count rate and end-diastolic count rate, namely: 

y = 0.99 + 0.68x (n = 78, r = 0.85) 

where x = end-diastolic count rate, y = lung count rate. During eating after sitting, 
the end-diastolic count rate was observed to decrease while the lung count rate was 
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unchanged. It thus appeared that in most situations a figure of about 70% of the end-
diastolic count rate was a good approximation to the background. In further studies, 
they had found a good correlation between the LVEF measured by VEST and that 
measured by coronary arteriography. Taking 70% of the end-diastolic count rate as 
background, they obtained: 

y = -3.8 + 0.85x (n = 33, r = 0.82) 

where x = LVEF by coronary arteriography, y = LVEF by VEST. Taking 75% 
of the end-diastolic count rate as background they obtained similarly: 

y = -0.45 + 0.96x (n = 33, r = 0.82) 

Thus, if a figure of 70% of the end-diastolic count rate were used for background 
subtraction, the results obtained by VEST were somewhat lower than those by coro-
nary arteriography. He pointed out that VEST utilized a wide energy range for detec-
tion in order to achieve a high sensitivity. As a result, background count rates with 
the instrument were relatively high. 
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Abstract 

VALIDATION OF A SIMPLE GAMMA CAMERA METHOD USING MINIMAL 
TRANSIT TIMES TO MEASURE LEFT VENTRICULAR EJECTION FRACTION. 

Left ventricular ejection fraction (LVEF) is one of the most important parameters of 
cardiac function. In contrast to the invasive X-ray catheter technique, nuclear medical proce-
dures allow the determination of LVEF at rest (LAO equilibrium technique and RAO first-pass 
technique = FP) and under a physical work load (LAO equilibrium stress technique). Another 
nuclear medical technique was developed as a simple bedside procedure by the Institute for 
Nuclear Research in Jülich, Federal Republic of Germany. In this technique 50 to 100 MBq 
unprocessed 99Tcm pertechnetate or "3Inm (available in every minor nuclear medical unit) 
are injected as a bolus into an antecubital vein. With an all purpose gamma camera interfaced 
to a normal minicomputer, 300 pictures are taken at a rate of 10 per second. Later these data 
can be processed and the minimal cardiac transit times (MTT) can be determined using a semi-
automatic computer program. The measurement of different cardiac MTTs quantifies the 
function of different segments of the cardiopulmonary tract. MTT measurements are of value 
in the assessment of different pathological conditions such as heart failure, coronaropathy, 
valvular diseases and also primary pulmonary diseases. The Jülich group also showed that a 
LVEF calculated from MTT data correlates well with LVEF measured by X-ray catheter 
technique. In a study using the stored data of 81 patients in random sequence we calculated 
EF measured by MTT (anterior projection) immediately prior to determination of LVEF using 
FP (30° LAO). Calculation of EF by FP has been a routine procedure in our institute for more 
than ten years. A good correlation between the two techniques was found. As previously 
published, it has been found that LVEF calculated by FP correlates well with catheter 
techniques. It is the aim of this work to show that the use of MTT is a simple, inexpensive 
and reliable method to measure left ventricular ejection fraction. 

1. INTRODUCTION 

Assessment of cardiac function, especially of left ventricular ejection fraction 
(LVEF), is a routine examination in all the larger nuclear medicine centres around 
the world. 

61 
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Measurement of LVEF by first-pass technique or by equilibrium studies is 
relatively expensive and demands the full infrastructure of a nuclear medicine 
department. 

In the 'seventies a new method of isotope angiographic measurement of the 
minimal transit time (MTT) was developed by the Institute of Nuclear Research, 
Jülich (Federal Republic of Germany) [1-3]. 

We have tested this method as a bedside technique away from the nuclear 
medicine department. 

2. REQUIREMENTS 

Requirements are a minicomputer, in our case a mobile time-honoured 
DEC PDP-11, and a standard gamma camera, in our case a low energy mobile 
Siemens camera. 

To test the method we used as a reference the measurement of ejection fraction 
by first-pass technique. 

As published earlier, first-pass technique in our Institution correlates well 
(r = 0.864) with the results of invasive cardioangiographic X-ray catheter measure-
ments [4]. 

3. METHOD 

Minimal transit times are defined as the difference between the arrival times 
of a tracer in subsequent compartments. The difference between the arrival time in 
the right atrium and that in the right ventricle is the minimal transit time through the 
right atrium. 

The difference between the arrival time in the right ventricle and that in the 
pulmonary artery is the minimal transit time through .the right ventricle and so the 
difference of arrival time between the pulmonary artery and the left atrium is the 
minimal transit time through the lung [1]. 

The minimal transit times for the compartments of the left heart are measured 
in the same way. As a tracer we used 20-50 MBq of free 99Tcm pertechnetate 
injected as a bolus in the antecubital vein. The use of 113Inm is possible if the 
camera is suited for higher energies [2]. 

It is of prime importance to have a good bolus injection. 
Initially we used the technique of the inflated blood pressure cuff, which is 

released abruptly. 
Today we use the simpler and more reliable, technique of the body weight 

powered injector. With this technique bolus quality is excellent and highly 
reproducible. 
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The camera is placed in front of the supine patient. We acquire 300 frames at 
a rate of 10 frames per second. The frames are stored on a magnetic disk [5]. Back 
in the nuclear medicine department the stored data are processed on the PDP-11 
computer using a semi-automatic computer algorithm [6, 7]. 

First the cardiac compartments are delineated on the screen and regions of 
interest are marked with a joystick. This means marking the right atrium, the right 
ventricle and the pulmonary artery. On the frames of the left heart, the regions of 
interest are placed in the left atrium, the left ventricle and the root of the aorta. 

The size of the regions of interest is of no importance, but the regions must 
be defined clearly within the compartment: no overlapping into the adjacent compart-
ment can be tolerated [3]. 

For the six regions of interest chosen the computer calculates the time/activity 
curves. These curves are smoothed and fitted to eliminate statistical scatter and to 
delineate more clearly the starting point of the activity increase in the respective 
compartment. The extent of curve fitting can be chosen by the operator. 

The point of activity increase in the compartment is recognized by the 
algorithm and a time mark is set automatically. 

From the differences of the arrival times the minimal transit times are 
calculated for the different compartments. The technical error of measurement 
is +0.1 s [7]. 

4. CALCULATIONS 

In the model of a closed pipe system the minimal transit times are correlated 
directly with the quotient VOLUME/FLOW. The VOLUME moved in the pipe 
system is proportional to the FLOW velocity: 

V/F = tmin X К (К for cardiac flow = 1.2) [8] 

This means that the quotient VOLUME/FLOW is directly poportional to the minimal 
transit time of the tracer. 

In the heart FLOW is equal to STROKE VOLUME (SV) X FREQUENCY 
(f). So minimal transit times are the expression of the quotient 

VOLUME/STROKE VOLUME X FREQUENCY [1,7] 

After a thorough theoretical analysis of the special situations of the heart, which is 
a system with opening and closing valves and with changing volumes during systole 
and diastole, the Jülich group found the following formula [9]: 

0.39 x V W f £ p = 

MTT - n(60/f) - 0.39 VöÖTf 
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while n is the whole number or a multiple thereof of 

MTT 
(60/f) 

This formula can be calculated either with a small computer program or with a 
simple hand held calculator. 

There is a drawback: given a constant frequency the curve defined by the above 
formula shows distinct jumps. In the region of these jumps the resulting ejection 
fraction will be calculated too high. For this reason a 'forbidden area' is defined and 
a complementary calculation must be introduced. 

The measured MTT falls into the 'forbidden area' under the following 
conditions: 

(1) at heart frequencies under 120 if MTT is m X tc ± 0.2 s 
(2) at heart frequencies above 120 if MTT is m x tc ± 0.1 s 

while m is the whole number, which multiplied with tc is closest to MTT (that is 
m = n or n 4- 1). 

If the MTT falls into the 'forbidden area' one should simply take in case 1: 

m x tc + 0.2 and m x tc - 0.2 

in case 2: 

m X tc + 0.1 and m X tc - 0.1 

The average of both results each is the final correct ejection fraction [9]. 
Heart frequency was measured by marking the point of minimal activity 

(diastole to diastole) of 3-5 cycles and subsequent calculation of the mean cycle 
interval. 

5. PATIENTS 

Data were acquired in 98 patients. The data of 16 patients had to be discarded 
for technical reasons (mostly poor bolus quality in the MTT examination or for 
technical reasons with the acquisition and calculation of the reference ejection 
fraction by first pass). The values of one patient with coronary heart disease plus a 
massive mitral valve insufficiency were too far beyond the tolerance limits. This 
patient too was eliminated from the study. So there remain 81 patients. 



IAEA-SM-304/51 6 5 

6. RESULTS 

The correlation coefficient between MTT EF and first-pass EF is 

in all patients: 0.895 
0.69 in patients with no cardiac pathology : 

in patients with coronary heart disease: 0.88 
in patients aftèr acute myocardial infarction: 0.88 
in patients with scars after infarction: 
in patients with angina pectoris: 

0.89 
0.86 

The reliability of ejection fraction calculated by MTT is influenced by heart 
frequency: 

This observation may explain the poor correlation in the patients with no cardiac 
pathology. In this group heart frequencies under 60/s are overrepresented. 

7. DISCUSSION 

The great advantages of the method are: 

— very simple acquisition for the camera operator 
— very short preparation and acquisition time 
— impossibility of incorrect placement of the camera 
— simple computer acquisition 
— no co-operation from the patient is necessary 
— inexpensive tracer 
— method especially suited for patient with cardiac pathology. 

No problems arise with data acquisition. However they can arise with data 
processing: 

— Regions of interest must be correctly chosen. 
— No overlapping is allowed. 

This is no problem for the right heart but can pose problems in the left heart 
due to poor bolus quality. Consequently the automatic placing of the marks of the 
arrival times in the curves of the compartment of the left heart can be difficult for 
the computer algorithm [7]. 

In these cases the setting of the time marks has to be done manually by the 
operator several times, and if necessary repeated up to six times.Then the average 

With heart frequencies under 60/s the correlation is poor: 
at a frequency of 61-80/s the correlation is excellent: 
at a frequency of 81-100 

r = 0.56 
r = 0.93 
r = 0.89 
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of the two best reproducible results for each MTT is selected. This can be time 
consuming. Routinely the calculation of the MTT is done twice with the automatic 
algorithm in every patient. 

It is easy, even for a less experienced operator, to decide whether the MTT 
measurements are correct or not. 

In our material the time marks had to be set by hand in about 10-20% of cases. 

8. CONCLUSIONS 

For patients with a cardiac pathology ejection fractions calculated by MTT 
correlate well with other methods. 

Any gamma camera with a simple computer system will do the job. 
Most available tracers are suitable. 
The injected activity needed is minimal. 
The method is well suited as a bedside technique in larger centres. 
In smaller centres with less sophisticated equipment, the method will allow the 

measurement of ejection fraction at a fraction of the cost of the classical nuclear 
medical methods. 
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DISCUSSION 

Asked whether he and his co-workers had compared their results with those 
obtained by X-ray cardioangiography or in multigated acquisition studies, 
Mr. Höflin stated that they had made direct comparisons only with results obtained 
by the first-pass technique. The latter was in routine use in their institution and 
its results had been found to correlate excellently with those of X-ray 
cardioangiography. 

Asked about the positioning of the gamma camera in the method described, 
Mr. Höflin indicated that this gave no problem, since the entire heart region was 
within the camera's field of view. 

Observing that the method did require a gamma camera and computer, a 
speaker suggested that a prior injection of stannous chloride would have made possi-
ble multigated acquisition studies giving additional information, for example on wall 
motion irregularities. Mr. Höflin emphasized that the method was a simple bedside 
one, utilizing 99Tcm pertechnetate obtained directly from the generator, requiring 
only one- tenth of the 99Tcm activity needed for blood pool imaging and costing 
correspondingly less. 

Another speaker commented that the method assumed instantaneous mixing 
and homogeneous behaviour of the tracer in the left ventricle and other cardiac com-
partments, which conditions might not apply in pathological conditions such as dys-
kinesia. He questioned the validity of the method in such conditions. In reply, 
Mr. Höflin stressed that the studies presented made use of the technique established 
by the Jülich group. This had been followed without modification and has been found 
to give satisfactory results. Patients with dyskinesia were among those studied and 
no particular problems had been encountered with this subgroup. 

A final speaker questioned the choice of ten frames per second as the frame 
rate. He suggested that the use of a higher rate or even list mode might improve the 
poor correlation between MTT ejection fraction and first-pass ejection fraction 
observed at heart rates under 60/min. Mr. Höflin replied that, here again, the estab-
lished technique had been followed without modification. Using a higher frame rate 
would be entirely feasible and should improve the poor results at heart rates under 
60/min without increasing costs. This suggestion deserved serious consideration. 
List mode studies were too technically demanding to be practicable. 
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Abstract 

QUANTITATIVE THALLIUM-201 MYOCARDIAL EVALUATION: VALIDATION IN 
FILIPINO PATIENTS. 

Validation of the Stanford quantitative program of analysing planar thallium-201 stress 
images with coronary arteriography as the gold standard was done using data from 52 Filipino 
patients being evaluated for coronary artery disease. The program showed poor criterion 
validity as proven by the following: it is 92.31 % sensitive, 15.38% specific for left anterior 
descending (LAD); 9.68%sensitive, 90.48% specific for left circumflex (Lex); and 17.39% 
sensitive, 93.10% specific for right coronary artery (RCA). There was poor agreement 
between the extent and localization of disease predicted by the quantitation program and the 
findings at arteriography. Extremely high false positive and false negative rates were noted 
in individual coronary arteries. The quantitation symptoms expressed as sums to standard 
deviation in each of the segmental domains of the three coronary arteries were consistent with 
the corresponding perfusion patterns demonstrated scintigraphically only when LAD was 
involved but not when Lex or RCA were concerned. Factors affecting data acquisition and 
processing were largely eliminated as possible sources of error. The authors conclude that the 
program at hand has poor external validity or generalizability. Differences inherent in the test 
population and reference profiles cannot be entirely ruled out as possible sources of error. It 
will be necessary to re-run the procedure on the same test population after an update of the 
database file has been made. 

1. INTRODUCTION 

Exercise thallium-201 myocardial perfusion scintigraphy has remained as an 
indispensable noninvasive tool in the investigation of coronary artery disease (CAD). 
Over the past years, however, despite improved instrumentation and technique, 
knowledgeable and experienced observers, standardization of scintigraphic interpre-
tation still ranks as one of the more pressing needs in the area of 201T1 myocardial 
perfusion studies. The advent of computers in nuclear medicine paved the way for 
the development of several quantitative methods of analysing images, thus providing 
an objective means of data interpretation. The Stanford planar quantitation program 

6 9 
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created and developed by Goris [1] is a computerized quantitative analysis of 
exercise and resting thallium images. It is based on a stochastic approach [2] in which 
a test case is processed and compared segmentally to the perfusion patterns of 
individual angiographically verified 'disease' previously recorded and stored in the 
database file. This is an objective means of determining how the test case varies from 
the norm or conforms with the expected perfusion pattern of a particular CAD. The 
method gives information on the magnitude of abnormalities and disease probability 
statements based on this information, i.e. it identifies what coronary vessel is 
stenosed, its extent and approximate location. The main variable of the program is 
count density, which is a function of cardiac size and myocardial mass. The authors 
believe that it is necessary to have a database file comparable to the test population 
in terms of average cardiac size and average myocardial mass. No study has yet been 
done to test its applicability among Asians in general and Filipinos in particular, 
considering that the database file is of a Caucasian population of considerably heavier 
build and weight than the average Filipino. This study was undertaken to test the 
validity of the program when applied to Filipino patients. Consequently, the study 
should determine if there is a need to change the reference profiles to match a 
representative Asian population. 

2. METHODS 

2.1. Patient population 

From October 1986 to April 1988, 610 patients referred to the department of 
nuclear medicine for an exercise-redistribution 201T1 study for CAD detection were 
reviewed. The criterion for inclusion was the availability of coronary arteriography 
within two months of the scintigraphic study. Either of the two procedures may be 
done ahead of the other. Excluded were patients with coronary artery bypass surgery 
between the two procedures, those with normal arteriographies but whose efforts in 
the treadmill test were inadequate, and those with concomitant valvular heart disease 
complicated by LV failure and/or congestive cardiomyopathy. 

2.2. Stress testing 

A progressive maximal treadmill stress test was performed according to the 
Bruce protocol with the patients in the post-absorptive state. Prior to the test an 
intravenous D5NSS was inserted in the patient. Twelve-lead ECG and blood 
pressure were recorded, before the examination and every three minutes during 
exercise. Three-minute workloads of increasing intensity were used. Lead V4-V6 
were continously monitored during the exercise and recovery stage. The exercise test 
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was discontinued when 85 % of the predicted heart rate was achieved or earlier if any 
of the following signs developed: chest pain, ST segment displacement of at least 
1 mm or more from the level at rest, multifocal or frequent PVCs, and decrease of 
blood pressure. 1.2-1.5 mCi of 201T1 was injected about 30-60 seconds before the 
termination of the test. The criteria for a positive exercise test are the presence of 
horizontal ST segment depression of 1 mm or more during or after exercise and 
downsloping of ST segment 1 mm or more during or after exercise. 

2.3. Myocardial imaging 

Myocardial imaging was done within ten minutes post-Tl injection. An Ohio-
Nuclear Series 100-08 high resolution gamma camera equipped with 37 photo-
multiplier tubes, a 'Á inch thick sodium iodide crystal and a low energy high resolu-
tion parallel-hole collimator was used to acquire scintiphoto images in three views: 
anterior, left anterior oblique (LAO) 45° and LAO 65°. Each image was recorded 
for a preset time of 10-15 minutes of at least 200k counts. A 25% energy window 
centred on the 80 KeV photopeak was used. All scintiphoto images were recorded 
on transparencies and stored in an ADAC computer on magnetic disc in a 
128 X 128 X 8-bit matrix. Scintigraphy was repeated four hours later to record 
resting images. 

2.4. Computer processing 

Processing of the acquired images was performed by a single operator accord-
ing to the protocol of the Stanford quantitative program of analysis described by 
Goris [1]. All stored raw images were recalled and evaluated to ensure that those 
accepted for processing were centred in the field of view. Stress images were 
processed first. The centre and apex of the left ventricle were identified by lightpen 
in each dynamic frame (Fig. 1) in order to normalize the image as to size and apical 
orientation. A rectangle was then defined to circumscribe the ventricle (Fig. 2) for 
smoothing and bilinear interpolative background subtraction. 

During processing the operator has three alternatives: (1) to compare the 
patient's stress data with the average normal population profile, (2) to compare the 
patient's rest data with the average normal population profile, and (3) to compare 
the patient's stress data with his own rest data. For each of these three comparisons 
the computer generates a quantitative equivalent or profile of the three segments in 
each view (Fig. 3 (a) and (b)). This quantitative equivalent or 'symptom' is a 
measure of the local difference from the norm expressed as sums of standard devia-
tions (SD) and represents the magnitude of real differences in perfusion between the 
two studies under comparison. The segmental domains of the different coronary 
arteries are as follows: (1) left anterior descending (LAD): anterior (ANTERIOR 
VIEW, anterior (LAO 65°); (2) left circumflex (Lex): posterolateral (LAO 45°); 
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FIG. 1. Centre of ventricle and direction of apex identified in the LAO 45° image. 

FIG. 2. Background rectangle with co-ordinates as marked (LAO 45°). 

and (3) right coronary artery (RCA): inferior (ANTERIOR VIEW) and posterior 
(LAO 65°). While the program generates a quantitative symptom to the apex in all 
views, the authors chose to ignore these values because the apex represents an area 
where perfusion domains of the three coronaries usually overlap. 

After producing the quantitative symptoms the program is ready for predictive 
analysis. Figure 4 is a representative printout of the predictive analysis of the 
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SUM OF STANDARD DEVIATIONS FOR EXERCISE vs ABSOLUTE 

APEX 
54 

ANTERIOR PROJECTION 
INFERIOR 

103 
ANTERIOR 

178 

APEX 
20 

45 LAO PROJECTION 
SEPTUM 

208 

POSTEROLATERAL 
135 

APEX 
20 

65 LAO PROJECTION 
ANTERIOR 

223 
POSTERIOR 

25 

FIG. 3(a). 
patient. 

Quantitative symptoms (sum of SD) in each segment in three views in a normal 

SUM OF STANDARD DEVIATIONS FOR EXERCISE vs ABSOLUTE 

APEX 
557 

ANTERIOR PROJECTION 
INFERIOR 

628 
ANTERIOR 

489 

APEX 
451 

45 LAO PROJÈCTION 
SEPTUM 

895 

POSTEROLATERAL 
959 

APEX 
657 

65 LAO PROJECTION 
ANTERIOR 

602 
POSTERIOR 

412 

FIG. 3(b). Quantitative symptoms (sum of SD) in each segment in three views in an abnormal 
patient. 

exercise study versus the norm in a normal patient. Figure 5 is the predictive analysis 
for an abnormal patient wherein the indices under a given disease (LAD, triple vessel 
disease TVD, all diseases) and severity classification (major or minor) represent 
respectively: (1) the probability that the patient has that form of disease before the 
study was done based on the condition of maximum uncertainty ('Prior'), (2) the 
probability that the patient has the disease based on comparison of the study's results 
with the predictive database ('Post'), and (3) the ratio of the two probabilities 
('Ratio'). 
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• STUDY TYPE: 

EXERCISE vs ABSOLUTE 

INCREASED PROBABILITY FOR DISEASE: 

NORMAL 

PRIOR = 0.50 POST = 0.834 RATIO = 1.67 

FIG. 4. Predictive analysis of the exercise study versus the norm in a normal patient. 

2.5. Coronary arteriography 

Selective coronary arteriography was performed using the right and left 
Judkin's technique. Coronary cineangiograms were obtained in multiple views. The 
following angulations were used to view the left coronary: right anterior oblique 
(RAO) 30°, LAO 10° or RAO 10°, 30° caudal or 70° cranial and LAO 45° with 
30° caudal tilt. A lateral view of the left coronary was also taken when necessary. 
The right coronary was viewed in LAO 30° or RAO 30° with 30° caudal tilt. 
Cineangiograms were recorded on 35 mm film using a cineangiographic system 
equipped with a camera and an image intensifier. Lesions in each of the coronary 
arteries and their branches were graded into per cent stenosis or reduction in luminal 
diameter after a consensus of at least two independent observers who were unaware 
of the scintigraphic findings. 

2.6. Validation and statistical analysis 

Using the results of coronary arteriography as the gold standard, a 'three-area' 
validation of the results of Stanford's quantitative analysis was performed. The three 
areas were (1) major coronary arteries; (2) multiplicity of lesions; and (3) localiza-
tion and extent. Thus, on the basis of the results of coronary arteriography: (1) the 
three major coronary arteries, namely, LAD, Lex and RCA were classified into 
normals and abnormals; (2) patients were grouped according to multiplicity of 
lesions: none, single vessel disease (SVD), double vessel disease (DVD) and TVD; 
and (3) lesions in individual coronary arteries were classified into major or 
minor following the coding conversions suggested by Goris et al. [2] i.e. 
MAJOR = >60% stenosis in the main trunk (before the first diagonal in LAD, first 
obtuse marginal in Lex, or the acute marginal in RCA) and/or in two or more of 
these branches; and MINOR = >60% stenosis in only one branch and/or <60% 
stenosis in any branch. 
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STUDY TYPE: 

EXERCISE vs ABSOLUTE 

INCREASED PROBABILITY FOR DISEASE: 

LAD MAJOR 

PRIOR = 0.062 POST = 0.841 RATIO = 13.46 

TVD MINOR 

PRIOR = 0.002 POST = 0.011 RATIO = 6.58 

ALL DISEASES 

PRIOR = 0.500 POST = 1.00 RATIO = 2.00 

FIG. 5. Predictive analysis of the exercise study versus the norm in an abnormal patient. 

Sensitivity, specificity, positive and negative predictive values as well as over-
all agreement were computed using the following definitions [3]: 

True positive scintigrams 
Sensitivity (SENS) ^ 

Specificity (SPEC) = 

Positive predictive value = 

Negative predictive value = 

Overall agreement = 

All positive arteriograms 

True negative scintigrams 
All negative arteriograms 

True positive scintigrams 
All positive scintigrams 

True negative scintigrams 
All negative scintigrams 

True positive + true negative scintigrams 
Total study population 

Since we were concerned only with the presence of disease in any given region 
rather than with viability, only the stress data were used as basis for all computa-
tions [4]. 

3. RESULTS 

Of the 610 patients who were reviewed only 52 qualified for inclusion in the 
study population. 76.9% (40/52) were males, age range 26-69 years, with a mean 
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TABLE I. COMPARISON BETWEEN CORONARY ARTERIOGRAPHY AND 
STANFORD'S QUANTITATIVE PREDICTION OF LESIONS IN 
THE CORONARIES (Figures refer to numbers of patients) 

Stanford's prediction Coronary arteriography 

Abnormal Normal Total 

A. LAD 

. Abnormal 36 11 47 

Normal 3 2 5 

Total 39 13 52 

SENS = 92.31% Positive predictive value = 76.60% 
SPEC = 15.38% Negative predictive value = 40.00% 

Overall agreement: 38/52 = 73.07% 

B. Lex 

Abnormal 3 2 5 

Normal 28 19 47 

Total 31 21 52 

SENS = 9.68% Positive predictive value = 60.00% 
SPEC = 90.48% Negative predictive value = 40.42% 

Overall agreement: 22/52 = 42.30% 

C. RCA 

Abnormal 4 2 6 

Normal 19 27 46 

Total 23 29 52 

SENS = 17.39% Positive predictive value = 66.67% 
SPEC = 93.10% Negative predictive value = 58.70% 

Overall agreement: 31/52 = 59.61% 
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TABLE II. EXTENT OF CAD BY CORONARY ARTERIOGRAPHY vs 
STANFORD'S QUANTITATIVE PREDICTION (Figures refer to numbers 
of lesions) 

Stanford's prediction Coronary arteriography 

None SVD DVD TVD Total 

None 1 1 0 0 2 

SVD 1 1 0 0 2 

DVD 0 0 0 0 0 

TVD 9 7 11 21 48 

Total 11 9 11 21 52 

Overall agreement = 23/52 = 44.23% 

age of 50 + 9.63 years, and 23.07% (12/52) were females, age range 38-60 years, 
with a mean age of 51 + 8.41 years. Stress testing was normal in 38.46% (20/52) 
and abnormal in the remaining 61.53% (32/52). 44.23% (23/52) had clinical and/or 
electrocardiographic evidences of myocardial infarction. 

Coronary arteriography showed the ratios of 39 abnormals to 13 normals for 
LAD, 31 abnormals to 21 normals for Lex and 23 abnormals to 29 normals for RCA. 
Table I shows the comparison between the results of coronary arteriography and 
Stanford's predictive analysis of the individual coronary arteries. In the case of 
LAD, we noted that the computerized analysis showed a very high sensitivity 
(92.31 %) and consequently a very low false negative rate (3/39 = 7.6%). However, 
the specificity was very poor (15.36%), thus yielding a very high false positive rate 
(11/13 = 89.69%). On the contrary, specificities were high, 90.48% and 93.10% 
for Lex and RCA respectively, but sensitivities were low, 9.68% and 17.39% for 
the same vessels respectively. These values reflect low false positive rates: 
2/21 = 9.52% for Lex and 2/29 = 6.89% for RCA. Very high false negative rates 
were noted: 28/39 = 90.32% for Lex and 19/23 = 82.26% for RCA. Positive 
predictive values for each vessel were noted to be in the range 60-76% while 
negative predictive value was in the range 40-58 %. Overall agreement in predicting 
lesions in each of the coronaries was as follows: 73.07% (LAD), 42.3% (Lex) and 
59.61% (RCA). 

Completely normal coronaries were noted in 11 patients, SVD in 9, DVD in 
11 and TVD in 21. Table II shows the agreement between Stanford's prediction and 
angiography in identifying the extent of CAD as only 44.23%. 
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TABLE III. SEVERITY AND LOCATION OF LESIONS IN THE LAD BY 
ANGIOGRAPHY vs STANFORD'S QUANTITATIVE PREDICTION 
(Figures refer to numbers of patients) 

Stanford's prediction Coronary arteriography 

Normal Minor Major Total 

Normal 1 0 2 3 

Minor 1 0 1 2 

Major 11 6 30 47 

Total 13 6 33 52 

Overall agreement = 31/52 = 57.69% 

TABLE IV. MEAN SUM OF SD OF EXERCISE vs NORM IN THE 
SEGMENTAL DOMAINS OF SPECIFIC ARTERIES READ AS TRUE/FALSE 
POSITIVES AND TRUE/FALSE NEGATIVES 

Segmental domain T Pos F Pos T Neg F Neg 

A. LAD 

(Anterior view): 
Anterior 

(LAO 65): 
Anterior 

(LAO 45): 
Septum 

B. Lex 

(LAO 45): 
Posterolateral 

C. RCA 

(Anterior view): 
Inferior 

(LAO 65): 
Posterior 

n = 36/39 n = 11/13 n = 2/13 n = 3/39 

506 ± 276 356 ± 204 167 ± 14 170 ± 72 

451 ± 271 433 ± 212 210 ± 17 194 ± 91 

420 ± 233 336 ± 176 164 ± 62 157 ± 73 

n = 3/31 n = 2/21 n = 2/21 n = 28/31 

183 ± 122 153 ± 47 419 ± 219 464 ± 275 

n = 4/23 n = 2/29 n = 27/29 n = 19/23 

200 ± 26 57 ± 28 135 ± 110 199 ± 182 

145 ± 99 83 ± 94 141 ± 132 152 ± 121 
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Since sensitivity in predicting lesions in the Lex and RCA was poor, only the 
LAD was analysed to identify the agreement between prediction and angiography in 
defining the severity and location of lesions. Angiography showed normal LAD in 
13 patients, minor lesions in 6, and major lesions in 33 (Table III). The agreement 
with Stanford was only 57.69%. 

The mean sum of SD of exercise versus norm in each of the segments 
representing the domain of the three major coronaries in all cases diagnosed as true 
positive, false positive, true negative and false negative are presented in Table IV. 
In LAD, all negatives have mean sums of SD less than 200 while all positives have 
mean sums of SD greater than 200. In the case of Lex, the reverse is true: all 
positives have mean sums of SD less than 200 but all negatives have mean sums of 
SD greater than 200. No pattern is seen in the case of RCA wherein both positives 
and negatives have almost the same mean sums of SD approximating the value 200. 
An exception is the mean sums of SD ( < 100) in both RCA domains among false 
positives. 

The predominant scintigraphic, electrocardiographic and stress test features, 
occurring in over 70% of cases in all false negatives and false positives, are 
presented in Table V. 

4. DISCUSSION 

The study uncovered several conflicting and unfavourable aspects of the 
program: 

(1) There is an extreme inverse relation between sensitivity and specificity in 
predicting lesions in the three major coronary arteries: (a) for LAD, sensitivity 
is high but specificity is low, giving a very high false positive rate; (b) for Lex 
and RCA, sensitivities are very low but specificities are high, yielding very 
high false negative rates. 

(2) Overall agreements in predicting individual coronary disease as well as 
multivessel disease are all below 74%, with the highest overall agreement at 
73.07% in favour of LAD disease. 

(3) When LAD is diagnosed correctly, overall agreement for estimation of 
severity and location of LAD lesions is poor. 

(4) Mean sums of SD of exercise versus norm reflect conflicting patterns in the 
different coronary arteries: (a) mean sums of SD are consistently elevated 
(>200) in LAD segmental domains in all cases read by the computer as 
positive and low ( < 200) in those read as negative; (b) mean sums of SD are 
consistently low (<200) in the Lex segmental domain in all cases read as 
positive and surprisingly high (>200) in all cases read as negative; (c) in RCA 
segmental domains the mean sums of SD show no significant difference 
(almost all <200) whether they were read as negative or positive. 
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TABLE V. PREDOMINANT FEATURES (PRESENT IN OVER 70% OF 
CASES IN EACH CATEGORY) OF ALL FALSE NEGATIVES AND 
FALSE POSITIVES 

Coronary Visual features: scintigrams 
(respective domains) 

Rest ECG GXTa Angio 

A. LAD 

F Neg Enlarged heart; dense label Normal Abnormal Major 
F Pos Focal/diffuse defects NSSTTW" Normal Normal 

В. Lex 

F Neg Large focal defects Inferior Abnormal Major 
Ischaemia/infarct 

F Pos Dense label/no focal defect NSSTTW Normal Normal 

С. RCA 

F Neg Marked diffuse/large focáis Ischaemia Abnormal Major 
Infarct 

F Pos Normal Normal Normal Normal 

a Graded exercise test. 
b Non-specific ST-T wave changes. 

Several possibilities were explored in order to explain the inconsistencies of 
the computer's predictive analysis. (1) Are they due to factors inherent to the study 
population? Or to the database file population? (2) Are they due to factors affecting 
acquisition of data? (3) Are they due to factors affecting computer processing? Or 
(4) Are they due to a defect in the program itself? 

Are they due to factors in the study population? Or to database file population? 

Since the entire quantitative program is dependent upon the results of a 
comparative study between the test case scintigraphic image and the reference profile 
scintigraphic image, consequently it is dependent upon the ratio of test case count 
density to reference profile count density. Since count density reflects both concen-
tration and volume, it becomes a function of cardiac size and myocardial mass. 
The average Caucasian cardiac weight is 300 grams in females and 350 grams in 
males [5, 6]. This is obviously greater than the average cardiac weight in Filipinos 
wherein the heaviest recorded weight is 312 grams for males and 308 grams for 
females for the age group 26-70 years [7]. Obviously we are comparing a population 
with a relatively lower average cardiac weight to one with a considerably higher 
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average cardiac weight. Consequently, the difference between the average count 
densities of the two populations expressed as sums of SD should be high. Our results, 
summarized in Table IV, do not support this theory. If the resulting discrepancy 
between the computer analysis and the actual angiographic picture is attributed 
mainly to a difference between the average cardiac mass of the two populations being 
compared then we would expect the false positive rates to be consistently elevated 
in all cases, regardless of the coronary lesions involved. This finding is only true 
for LAD. Surprisingly, the false positive rates for both Lex and RCA are very low. 

Are they due to factors affecting acquisition of data? 

The entire acquisition protocol as described in the operator's manual accom-
panying the software of this quantification program was strictly adhered to by the 
authors of this research. Therefore it is unlikely that the gross inconsistencies in this 
report may have been caused by errors in acquisition. 

Are they due to factors affecting computer processing? 

The most variable part of computer processing is the identification of the 
ventricular centre and apex. To eliminate inter-observer variability in defining these 
points, computer processing was done by a single operator in all cases. To test 
whether intra-observer variability significantly influences the results of the test, a 
deviation from the centre and apex by 0.5 cm in any direction in at least 5 cases was 
introduced by the operator. There was no significant difference in the quantitative 
values generated by the computer, either in terms of the sums of SD or in the predic-
tive analysis as compared to the values obtained when the same cases were processed 
with both the apex and centre identified correctly. This means that the operator is 
allowed an error of at most 0.5 cm deviation from the true centre and/or apex 
without significantly altering the results. Another operator controlled factor is the 
identification of the co-ordinates necessary to circumscribe the ventricle in a 
rectangle for background subtraction. The utmost care was taken to exclude as much 
of the right ventricle as possible, and to centre the left ventricle. With this in mind, 
the authors believe that operator-controlled effects on computer processing do not 
have any significant bearing on the conflicting results that were obtained. 

Are they due to a defect in the program itself? 

There are several points strongly suggesting that the program at hand may be 
defective. First, the program reads out extremely inverse related sensitivities and 
specificities for all major coronary arteries. More puzzling is that the inverse 
relations are not uniform for all arteries. Where sensitivity is high for LAD, the 
reverse is true for Lex and RCA. Likewise, where specificity is high for Lex and 
RCA, it is low for LAD. Anatomical differences in population profiles may have 
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some bearing on the discrepancies, considering that the program over-reads LAD, 
but certainly this cannot explain why sensitivity for Lex and RCA are both low. It 
is logical to assume that the program should have over-read Lex and RCA as well. 
Assuming that the program is not defective but is insensitive to isolating Lex from 
RCA because of perfusion domain overlap [2] then the program should have 
predicted a Lcx-RCA combination regardless of which of the two vessels is involved 
angiographically. Such a combination was printed out by the computer in only two 
out of 52 cases (3.84%) comprising over 60% diseased Lex and/or RCA. 

Secondly, the program printed out the diagnosis of TVD minor in over 90% 
of cases where only approximately 40% had actual TVD. While the program 
specified minor disease in all these cases, angiographic data showed all of them to 
have major lesions. 

Thirdly, the significance of the quantitative symptoms in the segmental 
domains cannot be overemphasized. While it is true that these numerical indices 
should not be used exclusively to read a segment as normal or abnormal, they may 
be used as a guide on the assumption that the larger the index, the lesser the perfusion 
of the associated segment relative to the comparative profile. Similarly, the lesser 
the index, the more approximate is the perfusion of that segment compared to the 
reference profile. This relationship is again observed in predicted LAD disease 
where all the segmental domains demonstrated a mean sum of SD greater than 200. 
Those read as negative (whether true or false negative) had mean sums of SD which 
were consistently below 200. In the case of Lex and RCA, the relation of a greater 
SD to a positive study is non-existent (Table IV). While it is true that the segmental 
indices may be low even in abnormal cases, this only happens if the entire 
myocardial perfusion is uniformly reduced as in diffuse myocardial ischaemia 
consistent with severe triple vessel disease. Even this possibility was negated by a 
review of the predominant scintigraphic, electrocardiographic and stress test features 
found in over 70% of all false positives and all false negatives (Table V). 

After detailed consideration of all possible sources of errors we conclude that 
the program at hand has poor external validity or generalizability. We cannot over-
look the fact that it has promising implications as regards the diagnosis of LAD and 
TVD but given the concomitant elevations in false positive cases, the value of the 
program remains questionable. To narrow down the sources of error, the authors 
believe that when quantitation is based on a stochastic approach, physically similar 
reference profiles are a must. At this point we are not ready to condemn the program, 
but to determine where the error lies it would be necessary to repeat the entire 
sequence of data analysis on the same test population but using a database consisting 
of Filipino reference profiles. 
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DISCUSSION 

Opening the discussion, Mr. Britton commented that 201T1 studies involved 

low count rates and that the performance characteristics of the gamma camera used 

were then very important. H e pointed out that computer programs required a certain 

quality in the data which they handled. A low count rate from a poor quality l o w 

sensitivity camera might yield a high level of statistical noise , invalidating the use 

of a program deve loped for a high sensitivity instrument. Furthermore, studies on 

smaller hearts would require data o f higher quality than studies on larger ones . He 

suggested that the diff icult ies in the application o f the Stanford program which had 

been reported might be attributed to such factors. Ms . Ledesma fully agreed that it. 

w a s of primary importance to consider the performance characteristics of the gamma 

camera whenever questions arose about the quality o f the images and the nature o f 

the results in clinical investigations involving imaging. She stated, however , that this 

factor could be neglected in the studies presented, since the performance o f the 

camera was fully satisfactory. It was included in the regular quality control 

programme o f the Philippine Atomic Energy Commiss ion for nuclear medic ine 

instruments and was used for all other static and dynamic imaging procedures carried 

out in her institution, in none of which were poor quality results detected. Moreover , 

the Stanford program was not written for a specif ic gamma camera, but for any nor-

mal instrument presumed to be operating correctly. She could not state what model 
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of camera had been used in the Stanford studies, but said that she did not believe 
this to be a relevant issue. 

Another speaker commented that the population studied in the Philippines 
would certainly have been of different body build from that at Stanford and that the 
left ventricular axis would have been different in the two. It would have been impor-
tant to match the axes, either by computer analysis or by adjusting the acquisition 
angle, before making any comparisons. Ms. Ledesma indicated that this difficulty 
was eliminated in the data processing. Identification of the centre and apex of the 
left ventricle by the light pen in effect aligned the left ventricular axis of the test 
image with that of the reference image. However, as stated, the program was based 
on a stochastic approach in which the count density of the test image was compared 
with a standard count density. In general, the heart of a Philippine subject was 
smaller and accumulated fewer counts in a given time period. In such circumstances, 
the program could erroneously report a normal heart as abnormal because of its 
lower count density. 

Mr. Torres added that the program had been used in another hospital in the 
Philippines with a more recent gamma camera-computer system and that the same 
difficulties had been encountered. Other groups, moreover, had tested it and 
obtained the same poor results. The suppliers, ADAC Laboratories, had subse-
quently indicated that they were abandoning it in favour of another. None the less, 
his group had persisted in finishing the studies presented, because they wanted to 
drive home the point that it was essential to carry out local validation studies on com-
puter programs before accepting them for diagnostic purposes. Not to do so might 
involve great disservice both to patients and to the clinicians referring them for 
investigation. 
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ESTUDIO DE PERFUSION MIOCARDICA 
Y CONTRACTILIDAD SEGMENTARIA 
CON 99Tcm-MIBI EN PACIENTES 
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Resumen 

STUDY OF MYOCARDIAL PERFUSION AND SEGMENTARY CONTRACTILITY 
WITH "Tc m IN ISCHAEMIC CARDIOPATHY PATIENTS. 

The study of ischaemic cardiopathy by radioisotope methods in developing countries 
is often limited by the high cost and the low availability of thallium-201. Of the new labelled 
cationic compounds which are potential substitutes for 201T1, the isonitrils appear to be the 
most promising at present. In order to evaluate one of these compounds, 2-methoxy-isobutyl-
isonitril (MIBI), 15 male patients between the ages of 32 and 64 were studied. Ten of them 
had a history of myocardial infarction (IAM) and the remaining five suffered from coronary 
disorders, without infarction. All the patients underwent cineangiocoronariography within a 
period of 12 months from the performance of the radioisotope study. Each patient received 
an intravenous dose of 25-30 mCi (925-1110 MBq) of "Tc m (MIBI)6

+ under rest conditions. 
An hour later planar images of the thorax were obtained in AP, OAI and LI projections and 
subsequently an emission tomography study (SPECT) was obtained. Next, multitriggered 
studies were obtained in AP, OAI and LI projections. Segmental parietal contractility was 
evaluated by observation of dynamic mode studies. The left ventricular wall was divided into 
12 segments, a point value being assigned to each segment, depending on whether perfusion 
was normal (point value = 2), reduced (point value = 1) or nil (point value = 0) and on 
whether the contractility showed normality, hypokinesia or akinesia/dyskinesia, respectively. 
Of 180 segments thus analysed, complete agreement between perfusion and parietal contractil-
ity was found in 85 %. The average point value of perfusion for the group of patients with 
infarction was 16 and for the group without infarction it was 21 (p < 0.05), whereas for seg-
mentary contractility it was 18 and 21 respectively (p < 0.05). All the cases with myocardial 
infarction showed a reduction in or absence of perfusion, coinciding with the topography of 
the lesion. The topographic evaluation of contractility presented major difficulties owing to 
the low radioactivity from the ischaemic area. Although the group of patients studied was 
small, the characteristics of the compound used were most adequate for the cardiological 
evaluation, owing to the possibility of exploring perfusion and segmentary perfusion. 

ESTUDIO DE PERFUSION MIOCARDICA Y CONTRACTILIDAD SEGMENTARIA 
CON "Tcm-MIBI EN PACIENTES PORTADORES DE CARDIOPATIA ISQUEMICA. 

El estudio de la cardiopatía isquémica por métodos radisotópicos se ve frecuentemente 
limitado por el elevado costo y escasa disponibilidad del talio 201 en países en desarrollo. De 
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los nuevos compuestos catiónicos marcados con 99Tcm como potenciales sustitutos del 201T1, 
los isonitrilos parecen hasta ahora los más promisorios. - Con la finalidad de evaluar uno de 
estos compuestos, el 2-metoxi-isobutil-isonitrilo (MIBI), se estudiaron 15 pacientes del sexo 
masculino con edades entre 32 y 64 años. Diez de ellos presentaban antecedente de infarto 
de miocardio (IAM) y los 5 restantes eran portadores de enfermedad coronaria, sin infarto. 
Todos los pacientes fueron sometidos a cineangiocoronariografía dentro de un plazo de 12 
meses desde la realización del estudio radisotópico. A cada pacienté se administró por vía 
endovenosa una dosis de 25-30 mCi (925-1110 MBq) de " T c m (MIBI)6

+en condiciones de 
reposo. Una hora más tarde se obtuvieron imágenes planares del tórax en proyecciones AP, 
OAI, y LI, y seguidamente se adquirió un estudio de tomografía por emisión (SPECT). A con-
tinuación se obtuvieron estudios multigatillados en proyecciones AP, OAI y LI. Se evaluó la 
contractilidad parietal segmentaria mediante observación de los estudios en modo dinámico. 
La pared ventricular izquierda fue dividida en 12 segmentos, asignándose un puntaje para cada 
segmento según la perfusión fuera normal (puntaje = 2), disminuida (puntaje = 1) o nula 
(puntaje = 0) y según la contractilidad demostrara normalidad, hipoquinesia o 
aquinesia/disquinesia, respectivamente. De 180 segmentos así analizados,' se encontró concor-
dancia completa éntrela perfusión y la contractilidad parietal en el 85%. El puntaje promedio 
de perfusión para el grupo de pacientes con infarto fue de 16 y para el grupo de pacientes sin 
infarto fue de 21 (p < 0,05), mientras que para la contractilidad segmentaria fue de 18 y 21 
respectivamente (p < 0,05). En todos los casos con IAM se encontró la perfusión disminuida 
o ausente, coincidiendo con la topografía de la lesión. La valoración topográfica de la contrac-
tilidad presentó mayores dificultades por la baja radiactividad proveniente del área isquémica. 
Aunque el grupo de pacientes estudiados fue reducido, el compuesto utilizado presentó carac-
terísticas' muy adecuadas para la valoración cardiológica debido a la posibilidad de explorar 
la perfusión y la contractilidad segmentaria. 

1.' INTRODUCCION 

La cardiopatía isquémica constituye en el mundo una de las principales causas 
de morbi-mortalidad. Aun en los países en vías de desarrollo su importancia como 
problema sanitario se incrementa a medida que la expectativa de vida aumenta y se 
logran avances en la prevención y tratamiento de las enfermedades infecciosas. En 
el Uruguay, la cardiopatía isquémica se ubica en el primer lugar como causa de 
muerte desde hace, varias décadas. 

La evaluación no invasiva del corazón ha cobrado gran desarrollo a través de 
diferentes técnicas, siendo los métodos radisotópicos de los más útiles en la detección 
de alteraciones estructurales y especialmente funcionales. 

. El estudio de la perfusión miocárdica con talio 201 (201T1) ha encontrado 
amplia aplicación en . la evaluación de . pacientes con sospecha, de enfermedad 
coronaria. Hasta hace poco tiempo, ninguna otra técnica convencional era capaz de 
proporcionar información de tanta relevancia, acerca de la distribución de flujo san-
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guineo al miocardio. Promedialmente, se estima la sensibilidad del 201T1 con prueba 
ergométrica en un 83% con una especificidad del 90%, mientras que la ergometría 
convencional presenta alrededor del 58% y 82% respectivamente [1]. 

Sin embargo, el elevado costo del 201T1 y su relativamente escasa dis-
ponibilidad en las regiones en desarrollo limita la aplicación de estos estudios. La 
ventriculografía radisotópica con tecnecio 99m (99Tcm) constituye un valioso 
método de alternativa, permitiendo explorar la función cardíaca a través de la deter-
minación de la fracción de eyección y el análisis de la contractilidad global y segmen-
taria [2,3]. Este procedimiento posee la ventaja de su relativo bajo costo, aunque 
algunos informes tienden a cuestionar su especifidad [4,5]. 

Recientemente se han desarrollado nuevos compuestos catiónicos marcados 
con 99Tcm como potenciales sustitutos del 201T1 para la obtención de imágenes pla-
nares y tomográficas de la perfusión miocárdica. De estos agentes, los isonitrilos 
parecen ser los más promisorios para su utilización clínica de rutina [6-9]. 

Nos propusimos evaluar uno de estos compuestos, el 2-metoxi-isobutil-
isonitrilo (MIBI)1 como agente para explorar la perfusión miocárdica en pacientes 
portadores de cardiopatía isquémica. Debido a que el alto flujo de fotones del 99Tcm 

permite obtener estudios dinámicos gatillados, nos interesó adicionalmente investi-
gar la contractilidad parietal segmentaria. 

2. MATERIAL Y METODO 

Se estudiaron 15 pacientes del sexo masculino con edades entre 32 y 64 años 
(promedio: 52 años). Diez de ellos presentaban antecedente de infarto agudo de 
miocardio (IAM) con una evolución promedio de 7 meses al momento del estudio. 
El diagnóstico de IAM fue establecido según criterios clínicos y electrocardio-
gráficos (ondas Q). Los 5 pacientes restantes eran portadores de enfermedad 
coronaria manifestada por dolor anginoso, ergometría positiva y ausencia de ondas 
Q en el ECG basal. 

Adicionalmente, todos los pacientes fueron estudiados mediante angio-
coronariografía dentro de un plazo no major a los 12 meses de realizado el estudio 
radisotópico. En todos los casos se comprobó estenosis mayor del 50% en uno o más 
vasos coronarios. 

A cada paciente se administró por vía endovenosa una dosis de 20-30 mCi 
(925-1110 MBq) de 99Tcm (MIBI)¿"en condiciones de reposo. Una hora más tarde 
se obtuvieron imágenes planares del tórax en proyecciones anterior (ANT), oblicua 
anterior izquierda de 45 grados (OAI) y lateral izquierda (LI) utilizando una cámara 
de centelleo de campo grande equipada con un colimador de alta resolución para 

1 E.I. DuPont & Co. 
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bajas energías, adquiriéndose un total de 1500 kilo cuentas por imagen con una ven-
tana del 15% centrada en el pico de 140 keV. Debido a la excreción hepatobiliar del 
radiofármaco, se colocó un blindaje de plomo sobre el abdomen del paciente a fin 
de minimizar la radiación aportada por el hígado, vesícula biliar y asas intestinales. 

Inmediatamente se obtuvo un estudio de tomografía por emisión (SPECT) en 
la misma cámara mediante rotación de 360 grados, constando de 64 pasos a razón 
de 25 segundos por paso y utilizando una matriz de 6 4 x 6 4 x 8 con zoom de 1,5 en 
computadora ADAC-DPS 3300. Se realizó control de calidad del eje de rotación y 
de uniformidad integral de la cámara (GE 400T). 

Los estudios tomográficos fueron procesados antes de la reconstrucción me-
diante un ajuste linear de brillo y un suavizado espacial de 9 puntos y reconstruidos 
por retroproyección filtada con filtro Butterworth orden 4, con frecuencia de corte 
0,35 Nyquist, sin corrección de atenuación. Los estudios reconstruidos fueron 
reorientados según los ángulos horizontal y vertical del eje mayor del corazón, 
obteniéndose cortes transaxiales (perpendiculares al eje mayor), laterales y supe-
riores (paralelos al eje mayor, verticales y horizontales respectivamente). 

A continuación se adquirieron estudios multigatillados sincronizados con la 
onda R del ECG en proyecciones ANT, O AI y LI con 22 imágenes por ciclo cardíaco 
en matriz de 64x64x16 , acumulando 6000 kilo cuentas totales en un sistema de 
computación DEC-PDP 11/34. La contractilidad segmentaria fue evaluada por 
observación directa en modo dinámico. 

La pared ventricular izquierda fue dividida en 12 segmentos según la nomen-
clatura propuesta por Edwards et al. [10] modificada. Se asignó un puntaje para cada 
segmento según la perfusión fuera normal (puntaje = 2), disminuida (puntaje = 1) 
o ausente (puntaje = 0) y según la contractilidad segmentaria demostrara ser normal, 
hipoquinética o aquinética/disquinética respectivamente. 

3. RESULTADOS 

Comparando el puntaje obtenido mediante análisis de las imágenes tomográ-
ficas de perfusión con el puntaje de contractilidad parietal de los estudios multigati-
llados, se encontró concordancia completa en 153 segmentos sobre un total de 180 
segmentos (85%). 

El puntaje promedio de perfusión de las imágenes tomográficas para el grupo 
de pacientes con IAM fue de 16 y para el grupo de pacientes con enfermedad 
coronaria, pero sin IAM, fue de 21 (p <0,05), mientras que para la contractilidad 
segmentaria el puntaje fue de 18 y 21 respectivamente (p <0,05) (Cuadro I). 

Comparando las imágenes planares de perfusión con las tomográficas, se cal-
culó un puntaje promedio de 20 y 18 respectivamente (p <0,05). 
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CUADRO I. RESULTADOS 

ECG (ondas Q) Angio ( > 5 0 % esten.) Perfusión Contract. 

1 II, III, A VF DA, Cx, CD 14 16 

2 V l - 4 DA, Cx 17 18 

3 II, III, A VF CD 20 20 

4 V5-6 , II, III, A VF DA, Cx, CD 8 16 

5 II, III, A VF CD 20 19 

6 V l - 6 DA, CD 16 16 

7 V l - 4 , II, III, A VF DA, CD 11 17 

8 V l - 4 DA 15 19 

9 II, III, AVF CD 18 18 

10 II, III, AVF CD 21 21 

X = 16 x = 18 

И DA 19 24 

12 CD 24 24 

13 DA, Cx 19 9 

14 . DA 22 24 

15 DA, CD 21 24 

x = 21 x = 21 

Abreviaturas: DA = arteria descendente anterior. 
Cx = arteria circunfleja. 
CD = Arteria coronaria derecha. 

En todos los casos de pacientes con IAM se encontró la perfusión severamente 
disminuida o ausente, coincidiendo con la topografía y extensión de la lesión deter-
minada electrocardiográficamente (Figs. 1 y 2). La localización de la zona de necro-
sis mediante análisis de la contractilidad segmentaria también fue posible en todos 
los casos aunque presentó mayores dificultades por la baja radiactividad relativa 
proveniente del área isquémica. 

El 4 de los 5 pacientes con enfermedad coronaria sin infarto se hallaron 
defectos de perfusión coincidiendo con el territorio vascular, afectado, mientras la 
contractilidad segmentaria se encontró alterada en solamente uno de estos pacientes. 
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FIG. 1. Cortes tomográflcos transaxiales (grupo superior), laterales (grupo medio) y supe-
riores (grupo inferior) de un estudio con "Tcm-MIBI en un paciente con un infarto anterior, 
septal y apical. Se observa ausencia de concentración en el área de necrosis. 

4. DISCUSION 

El 99Tcm-MIBI es un compuesto catiónico que según se ha reportado se acum-
ula en el miocardio en forma proporcional al flujo sanguíneo, de manera análoga al 
201 TI [11]. La eliminación del compuesto se cumple principalmente a través del sis-
tema hepatobiliar, encontrándose actividad intestinal aproximadamente una hora 
después de la administración endovenosa, mientras el resto de la dosis (aprox-
imadamente un 20%) se excreta por vía renal en 24 horas. 

Debido a que no se ha comprobado redistribución del rádiotrazador en el 
miocardio, es posible obtener imágenes tardías o estudios sucesivos sin observarse 
cambios en la concentración regional [12]. 

Nuestras observaciones confirman dichos hallazgos, encontrándose concentra-
ción muy disminuida o ausente del radiotrazador en las áreas de infarto. Debido a 
que los estudios se realizaron en condiciones de reposo dé los pacientes, no es posible 
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FIG. 2. Cortes tomográflcos correspondientes a un estudio de perfusión miocárdica en un 
paciente con infarto de cara inferior. 

extraer conclusiones definitivas acerca de la distribución del compuesto en zonas de 
isquemia transitoria, aunque la concentración se presentó disminuida en 4 pacientes 
sin infarto coincidiendo con el territorio vascular afectado. 

La evaluación adecuada de la insuficiencia coronaria requiere una segunda 
administración del 99Tcm-MIBI durante una prueba de esfuerzo al menos con 6 
horas de diferencia respecto al estudio basal, debido a la ausencia del fenómeno de 
redistribución. Este hecho parece constituir una desventaja del radiofármaco frente 
al 201T1. 

La mayor proporción de alteraciones en la perfusión halladas en las imágenes 
tomográficas respecto a las planares sugiere una mayor sensibilidad del SPECT, para 
el cual el compuesto estudiado presenta características ideales (Figs. 3 y 4). 

La existencia de actividad en asas intestinales puede ocasionalmente dificultar 
la interpretación de las imágenes planares debido a la proximidad de aquéllas con 
la cara inferior del corazón. Los cortes tomográficos sin embargo permiten separar 
adecuadamente ambas estructuras eliminando este efecto inconveniente. 
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FIG. 3. Imágenes planares del miocardio en proyección anterior, oblicua anterior izquierda 
de 45 grados y lateral izquierda en un paciente sin IAM con estenosis de la arteria descendente 
anterior. No se observan defectos sectoriales de perfusión. 

5. CONCLUSIONES 

Aunque el grupo de pacientes estudiado es reducido, el 99Tcm-MIBI presentó 
características muy adecuadas para la valoración cardiológica debido a la posibilidad 
de explorar la perfusión miocárdica y la contractilidad segmentaria, a lo cual puede 
agregarse el calculo de la fracción de eyección por el método de primer pasaje [13], 
no incluido en el presente protocolo. 
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FIG. 4. Imágenes tomográficas del mismo paciente de la Fig. 3. Se observa claramente perfu-
sión disminuida en el sector apical, más evidente en los cortes paralelos al eje mayor. 

Por tratarse de un compuesto marcado con un radisótopo de bajo costo de 
producción y amplia disponibilidad, representa una promisoria herramienta para la 
evaluación clínica cardiológica de rutina en áreas en desarrollo como sustituto del 
201-pj 
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DISCUSSION 

Questioned about their choice of filter for image reconstruction, Mr. Mut indi-
cated that he and his co-workers had tested several filters in liver phantom studies 
and in brain or liver imaging of patients and had come to the conclusion that the 
Butterworth filter gave the best quality images. More critical than the choice of filter, 
in their opinion, was the cut-off frequency. 

Asked about the absence of attenuation corrections in the procedures for data 
analysis described, Mr. Mut stated that such corrections did not significantly affect 
the results, since the heart was not deeply situated in the thorax and since its rela-
tively small size minimized self-attenuation. 



IAEA-SM-304/79 9 5 

A speaker suggested that the problem of hepatobiliary and intestinal radio-
activity in 99Tcm MIBI imaging might be reduced by giving a fatty meal to acceler-
ate elimination of the radiopharmaceutical from the liver via the bile. Mr. Mut said 
that he did not consider that this would influence hepatic uptake. It would rather 
stimulate the gallbladder, leading to an early increase in intestinal radioactivity. This 
was undesirable because of the occasional close proximity of an intestinal loop to the 
inferior wall of the heart. Mr. Britton pointed out that the problem could be 
minimized in planar studies by imaging the patient in the sitting position. 

Replying to a question as to the value of SPECT as opposed to planar imaging 
with 99Tcm MIBI in myocardial infarction, Mr. Mut indicated that all the patients 
with myocardial infarction studied by him and his co-workers had shown abnormali-
ties in both planar and SPECT images. The number of patients was small, however, 
and all had relatively extensive lesions. 

Replying to another question relating to the recent use of 99Tcm MIBI in 
multigated acquisition studies with phase amplitude analysis1, Mr. Mut stated that 
he and his co-workers had also applied phase analysis to the data of some of their 
multigated studies, but had yet to make a full interpretation of the resulting functional 
images. 

A speaker commented that in the situation under consideration the usual ques-
tion addressed by the cardiologist to the nuclear medicine specialist was: "Does the 
patient have coronary artery disease?" The answer was relatively easily given in the 
case of myocardial infarction, but much less easily in the case of myocardial ischae-
mia. His experience to date with some 30 patients led him to the belief that 
99Tcm MIBI might prove superior to 201T1 for diagnosis of the latter condition. 
Speaking from the chair Mr. Cuarón gave his view that 99Tcm MIBI might indeed 
turn out to be a valuable substitute for 201T1 in myocardial perfusion studies, espe-
cially in developing countries, if the problem of its higher cost could be overcome. 
Mr. Mut agreed, expressing the hope that the cost would soon fall. He pointed out 
that the labelling radionuclide, 99Tcm, was itself both cheap and readily available. 
Mr. Britton suggested that the IAEA might assist by stimulating local production of 
the radiopharmaceutical or by acting as a bulk buyer and distributor. 

1 С AMARGO, E. E., et al., Amplitude analysis of stress 9 9Tc r a MIBI (RP-30A) in the 
assessment of coronary artery disease (CAD), J. Nucl. Med. 29 (1988) 805 (abstract). 
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Abstract 

"Tc m MIBI (METHOXY ISOBUTYL ISONITRILE) - A NEW MYOCARDIAL 
IMAGING AGENT FOR MULTIPLE FUNCTIONAL STUDIES: DISCUSSION OF 
TECHNICAL PARAMETERS AND COMPARISON WITH THALLIUM. 

99Tcm methoxy isobutyl isonitrile (MIBI) has been recently introduced to replace 201T1 
chloride for myocardial imaging. It has been recommended for the following multiple func-
tional studies: first-pass, radionuclide angiocardiography, multigated and static myocardial 
imaging in multiple views, tomographic myocardial imaging and dual gated tomographic 
imaging. The paper reviews results in 24 patients studied with both 201T1 and 99Tcm MIBI 
within a maximum period of 2 weeks. All patients also had contrast coronary angiography 
and ventriculography within a maximum period of 4 weeks. The paper presents: (1) a 
comparison between the results of 201T1 and 99Tcm MIBI SPECT studies in these patients; 
(2) results of multiple functional studies done with 99Tcm MIBI and (3) technical parameters 
for 99Tcm MIBI studies that are of relative importance. 

1. INTRODUCTION 

99Tcm methoxy isobutyl isonitrile (MIBI) has been recently introduced to 
replace 201T1 chloride for myocardial imaging [1-14]. Its first-pass myocardial 
extraction is proportional to blood flow; it does not redistribute like thallium and it 
is not related to adenosine triphosphatase activity nor to cellular potassium content. 
Its cellular uptake is not blocked by ouabaine and it is attached to a cytoplasmic 
protein with a molecular weight of 8000 daltons. Being labelled with 99Tcm, it has 
a short physical half life (6 hours) which allows injection of larger amounts of radio-
activity than is possible with 201T1 and. yet has the benefit of less radiation dose to 
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the patient. The resulting higher count rate permits first-pass angiocardiography, 
static, gated and tomographic studies. 99Tcm has an energy of. 140 keV, which is 
more favourable for gamma camera imaging than that of 201T1 (69-80 keV). 99Tcm 

MIBI is mainly excreted by the liver through the hepatobiliary system and to a lesser 
extent through the kidneys. Lung activity is reduced within 15 minutes, resulting in 
a better heart to lung ratio and the liver is cleared within one hour, permitting 
imaging of the heart. Because there is no redistribution as with thallium there is need 
for two studies with two separate injections: one at rest and the other after treadmill 
or dipyridamole stressing. However, the absence of redistribution can be considered 
as an advantage: There is no rush to start imaging after the stress injection within 
five minutes. There is no need for a treadmill facility within the nuclear medicine 
department or as close to it as possible. 

In practice, patients are asked to wait for at least one hour after the IV injection 
of 99Tcm MIBI and they are encouraged to have a meal during this waiting period 
in order to speed up the clearance of liver activity. The longer this waiting period 
is (up to two hours) the greater the liver clearance and therefore the better the quality 
of the images. 

2. MATERIALS AND METHODS 

. In this paper, 24 patients who presented with signs and symptoms of ischaemic 
heart disease are discussed. All are high risk and symptomatic, and were selected 
by. the cardiologists for this protocol. Approval by institutional and governmental 
committees and patient consent was obtained. All 24 had both 201T1 chloride and 
99Tcm MIBTstudies. 

After the IV injection öf 2.5-3 mCi (90-110 MBq) of 201T1 chloride at maxi-
mum treadmill tolerable exercise, early and delayed tomographic acquisitions were 
done using 180° rotation from LPO to RAO, 32 projections, a 64 X 64 matrix, and 
40 seconds acquisition per projection1. Early pictures were started within five 
minutes after the IV injection and delayed images were taken 3-4 hours later. Data 
were processed using the Ramp-Hanning filter, 0.5 cut-off frequency and no attenua-
tion correction; one pixel wide slices were reconstructed in the short axis, horizontal 
and vertical long axis. The bullseye protocol was used for display and for quantita-
tive analysis. 

The 99Tcm MIBI studies were done as follows. Resting studies were done 
after the IV injection of 10-15 mCi (370-550 MBq). First-pass list mode angio-
cardiography was done while the patient was lying down and positioned in the 
30° RAO projection. Data were processed according to a predefined manufacturer's 

1 General Electric 400 A/T gamma camera interfaced with STAR computer. 
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protocol for calculation of both right and left ventricular ejection fractions. After one 
to two hours, during which the patient was encouraged to have a meal, ECG 
multigated acquisitions were done in the anterior, 40° and 70° LAO projections for 
24 frames (64 X 64 matrix) with a total of 10 minutes for each acquisition. Summa-
tion of the frames was also done in order to generate static images for each of these 
projections. After completion, all patients had tomographic studies using the same 
acquisition parameters as for 201T1 except that acquisition time was only 20 s per 
projection. Data were processed using the same parameters except that the filter cut-
off frequency was 0.7 and attenuation correction was used. Exercise studies were 
scheduled on a separate day. Patients were injected with 10-15 mCi (370-550 MBq) 
at same exercise level as with the thallium studies and imaged 1-2 hours later using 
same acquisition and processing parameters as for the rest study. 

There is a general agreement that for 201T1 tomographic imaging 180° acqui-
sition is better than 360°. It is not clear whether the same is true for " T c m MIBI. 
We had selected a group of six patients that had both 180° and 360° acquisitions in 
the same day with separate patient settings for each acquisition. From the 360° data, 
reconstruction was done from all the 360° projections and from 180° out of the 360° 
data i.e. LPO to RAO projections. Data were processed using different Ramp-
Hanning cut-off frequencies and with or without attenuation correction in order to 
measure the resolution of different acquisition and processing combinations. For 
comparison, a profile was generated in the same mid short axis slice, for all studies. 
The following parameters derived from the profile were compared: (1) peak/valley 
ratio; (2) width at 2/3 and 1/2 maximum over peak of septum; (3) distance between 
the two peaks at 2/3 and 1/2 maximum representing the LV cavity. The bigger the 
peak/valley ratio, the wider the LV cavity and the smaller the thickness of the septum 
and the posterior wall the better was the resolution. 

Since the heart to lung ratio of both " T c m MIBI and 201T1 affects the quality 
of the image, this ratio was calculated in 16 patients both at rest and exercise. The 
higher the ratio, the better was the quality of the images. 

Another group of 14 patients had dual gated tomographic studies i.e. two 
simultaneous tomographic studies at end diastole (ED) and at end systole (ES). This 
was done according to the manufacturer's defined protocol. Acquisition was done 
for 180° from LPO to RAO, 32 projections (64 X 64 matrix) and 75 cardiac beats 
per projection. Triggered by the ECG synchronizer, the ËS acquisition started at 
peak R-wave for 80 ms and the ED one for the same time period at the descending 
slope of the T-wave. Tomographic slices were reconstructed using a similar protocol 
as before with a Ramp-Hanning cut-öff frequency of either 0.25 or 0.5 depending 
on the total number of counts. A 3-D non-linear filter followed by a 2-D linear filter 
was also used and shown to be advantageous especially in lower counts studies. A 
computer program was developed in our department in order to measure end 
diastolic volume, end systolic volume, ejection fraction and myocardial volume; it 
also displays a histogram for myocardial perfusion in 5% increments. 
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TABLE I. ANALYSIS OF SEGMENTAL MYOCARDIAL PERFUSION 
ABNORMALITIES 

Segment % Sensitivity % Specificity % Accuracy 

T1 MIBI T1 MIBI T1 MIBI 

Anterior 85 75 100 100 88 79 
Septum 90 90 75 100 88 92 
Lateral 86 93 90 90 ' 88 ' 92 
Inferior 93 87 100 89 96 88 
Global 100 100 96 100 98 100 

The nuclear medicine data were read by three experienced nuclear medicine 
specialista and differences in interpretation were resolved by consensus opinion. 
Patients had contrast coronary angiography and ventriculography within a maximum 
period of four weeks. The contrast data were studied by an experienced cardiologist. 
The results of the 201T1 and MIBI studies were correlated with those of the contrast 
studies. 

3. RESULTS 

The calculations for the EF from the first pass studies using MIBI were 
50% ± 10% for the right ventricle and 45.7% ± 9.6% for LVEF calculated from 
contrast ventriculography (r = 0.85). Therefore we conclude that 99Tcm MIBI is 
suitable for first-pass studies. 

For comparing the sensitivity and specificity of tomographic studies of 99Tcm 

MIBI with 20IT1 in detecting segmental myocardial perfusion abnormalities the data 
of all 24 patients were compared with coronary angiography (CA). CA showed 7 
with 3 vessel disease (VD), 10 with 2 VD, 6 with 1 VD and one normal. 
96 segments were analysed for both studies from the short axis tomographic slices. 
The results are shown in Table I. 

We conclude that 99Tcm MIBI is a useful substitute for 201T1. 
Left ventricle EF calculated from dual gated tomographic studies according to 

our newly developed program correlated well with the contrast ventriculography 
results. The mean calculated EF (14 patients) was 54.7% versus 56.6%. The corre-
lation coefficient was r = 0.96 with slope equal to 0.96. 

For comparison of 180° versus 360° MIBI tomographic data acquisition and 
processing, the results indicate that 180° acquisition with use of attenuation correc-
tion in processing has the highest peak/valley ratio, narrowest width of septum and 



IAEA-SM-304/52a 101 

widest LV cavity. We conclude that for 99Tcm MIBI SPECT studies, 180° acquisi-
tion from LPO to RAO and use of attenuation correction in processing is recom-
mendable and has an advantage over 360° acquisition. 

The heart to lung ratio (H/L) in tomographic studies was determined from the 
anterior projection of the raw tomographic data. The ratio was calculated for equal 
regions of interest (ROIs) over highest myocardial uptake and adjacent lung region. 
Same ROIs were used for both early and delayed images of 201T1 and 99Tcm MIBI. 
A total .of 64 studies were available. The statistical comparison between H/L ratio 
is shown in the following table. 

TABLE II. STATISTICAL COMPARISON OF 201T1 AND 99Tcm MIBI 

Exercise: 201T1 Rest: 20IT1 Exercise: MIBI Rest: MIBI 

2.51 ± 0.55 2.45 ± 0.46 2.92 ± 0.48 • 2.92 ± 0.5 

Exercise: 201T1 — not significant p < 0.01 p < 0.01 

Rest: 201T1 not significant — p < 0.001 p < 0.001 

Exercise: MIBI p < 0.01 p < 0.001 — not significant 

The stress MIBI ratio over the exercise 201T1 ratio (1.16) is not significantly 
different from the rest MIBI ratio over the rest 20IT1 ratio (1.19). We conclude that 
at both rest and stress, MIBI has a higher H/L ratio than 20 'Tl. This demonstrates 
another advantage for 99Tcm MIBI over 201T1 chloride. 

4. CONCLUSION 

99Tcm MIBI is a useful substitute for chloride for myocardial imaging. It has 
several physical and biological advantages that permit better quality imaging. It also 
permits multiple functional studies. 
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DISCUSSION 

Replying to questions regarding the attenuation corrections in the procedure 
for data analysis used in the work presented, Mr. Abdel-Dayem stated that these 
were built into the manufacturer's software for SPECT. All the patients studied in 
this manner had been male, so no comparison between results in male and in female 
subjects had b e e n possible. 

A speaker pointed out that when 99Tcm MIBI was compared with 20IT1, the 
lack of redistribution of the former appeared a great advantage. Given a patient 
newly admitted to hospital with acute myocardial infarction, one could inject 
99Tcm MIBI in the emergency ward and defer imaging until the haemodynamic 
parameters had been stabilized. One could then repeat the imaging procedure after 
therapy, for example with streptokinase, to evaluate the improvement in regional 
blood flow. Mr. Abdel-Dayem agreed with these observations. 
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Abstract 

N U C L E A R CARDIOLOGY. 
Nuclear cardiology allows one to study the morphology, perfusion and function of the 

heart. Developing countries should try to create their own technological assets in order to 
implement new advances. However , expensive and sophisticated equipment is not always 
necessary. First-pass qualitative radioangiocardiography continues to be a most important and 
valuable procedure and can even be done with a single scintillation probe. A simple gamma 
camera can be used for myocardial imaging. Scintigraphy can be a useful tool in acute 
myocardial infarction. Thallium scintigraphy is more sensitive but less specific than coronary 
angiography: the two techniques are not comparable because they study different parameters. 
Technetium-99m isonitril has advantages over thallium as a tracer, but is expensive. 
Computers are not essential for all nuclear cardiology studies but digital systems can improve 
the quality of images and extract the quantitative data easily. The most important application 
of such systems in conventional nuclear cardiology is in the analysis of gated equilibrium 
studies. Single photon emission computer tomography is a valuable procedure for detecting 
coronary artery disease but reduces the independence of the user, since it involves the use of 
proprietary software. However , nuclear medicine departments in developing countries might 
well design, build and program their own inexpensive digital systems, using, for instance, a 
personal computer. 

Besides the appeal of its sophisticated instruments and methodology, nuclear 
cardiology is the ideal agent to study the morphology, perfusion and function of the 
living heart, the organ identified through ages as the container of the best human 
attributes: love and courage. 

We have come to this symposium with an open spirit, not in search of the latest 
technological wonders, but looking for a serene criticism that may help us to a fair 
evaluation in the face of our own economic and social realities. We are interested 
in learning about the most recent advances in our speciality but we are equally hoping 
to arrive at an equilibrium in our ideas. This symposium is giving us the opportunity 
simultaneously to serve human and scientific purposes. To render a service besides 
feeling the spiritual fruition of men of science: to search, to find, to share. 
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The context of my talk should be that of developing countries. But, what is a 
developing country? In my travels I have found many underdeveloped nuclear medi-
cine units in rich, highly industrialized countries, but I have also found the latest 
advances in conventional nuclear medicine in tiny developing countries, such as in 
Uruguay, at the southern end of South America. It seems that underdevelopment, 
although based on physical and economical deficiencies, is more a matter of one's 
mental attitude towards progress. During the seminar on training in nuclear medicine 
held last week at the IAEA, we discussed that to be a nuclear physician is a difficult 
task in any place, but that to be a nuclear physician in a developing country is a real 
challenge to the individual, since he must add the qualification of being creative for 
survival. Nuclear medicine should be the same everywhere, but in developing 
countries the specialist should perform all the tasks of many professionals and should 
be prepared to develop new technologies in accordance with his needs and possibili-
ties. Progress is a major necessity for everybody, but it is of vital concern to the 
developing countries, which always should beware of false progress. Our major risk 
is not to ignore the new technological advances, but to overestimate their real value 
in the context of our economical and social realities. 

The foundation of nuclear medicine or nuclear magnetic resonance (NMR) 
imaging units at hospitals which have not as yet solved the problem of financing 
bedding and the most elementary drugs should not be considered as progress, since 
they will only serve the purpose of documenting with gorgeous images the death 
certificates of untreated but well diagnosed patients. Expensive medical technology 
must be used for the benefit of the patient and not just simply to boast of progress, 
to be fashionable, or to promote a political career. Investments in cyclotrons and 
PET systems, might be immoral in countries that have not met the most basic priori-
ties for the population as a whole. 

But there is another source of imaginary progress which is more common, 
extremely difficult to detect, and nearly impossible to eradicate from developing 
countries. I have suffered from this disease for nearly 15 years without noticing it, 
like that character in the story who did not know he was speaking in prose. I am 
referring to the fictitious progress feebly based on a totally imported technology. To 
be totally dependent on foreign firms and currencies in developing nuclear medicine 
should not be mistaken for real progress. Developing countries should try to create 
their own technological assets in order to cope with new advances. Their only 
opportunity to progress is through technological research in order to save foreign 
currencies and be capable to maintain and develop their own nuclear technologies. 
Even with imported 99Mo they should be able to design their own 99Tcm generators. 
Also, with imported material, they should be able to develop their own RIA and 
radipharmaceutical cold kits. Neighbouring countries should co-operate in the crea-
tion of international programmes for the exchange of technology, saving foreign 
currencies in the region. 
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However, specifically with regard to nuclear cardiology, I do think that the 
most devastating effect has resulted from the erroneous concept that the only possible 
way to do nuclear cardiological studies is using expensive and sophisticated gamma 
cameras and computers. During this presentation I will try to refute this wrong 
concept by reviewing my own experience in nuclear cardiology, attained in a 
developing country with a rather underdeveloped equipment. 

Good and credible information regarding cardiac physiology can be gained 
simply by using an old-fashioned scintillation probe to register the first pass of a 
radiotracer through the central circulatory system. We actually started our 
cardiological work in the early 'sixties by following the teachings of Luigi Donato 
for the measurement of cardiac output and pulmonary transit time and volume by this 
means. Later, we used the register of the early pulmonary recirculation of the 
radiotracer to detect cardiac arteriovenous shunts. With this rather elementary tech-
nique we were able to decrease by more than half the load of the haemodynamics 
department, just by selecting for cathetering those patients with a positive result. We 
also followed the scanning method proposed by Rejali for cardiac chamber imaging. 
Although static in nature, these images offer important data for the differential diag-
nosis between cardiac hypertrophy, cardiac dilatation and pericardial effusion. In 
more recent times, we coupled an old scintillation probe to a small digital processor 
to build what Henry Wagner calls a 'nuclear stethoscope'. This elementary device 
is quite useful for the continuous monitoring of the ventricular volumetric curve and 
ejection fraction in a beat-by-beat fashion in patients at the coronary unit or during 
pharmacological experiments. 

A few years later, the now old-fashioned 19-tube gamma camera produced the 
first serial images of the transit of the tracer through the central circulatory system. 
To my mind, first-pass qualitative radioangiocardiography, although neglected at 
present by most cardiologists, continues to be the most important and valuable 
cardiological procedure of nuclear medicine for children and a significant source of 
information for cardiac and pulmonary diagnosis for adults. It can easily depict the 
signs of pulmonary hypertension or of a lesion of the tricuspid valve: large right 
atrium, an obstacle to blood flow at the valve level, reflux of right atrium radio-
activity into the'inferior cava vein, or transient retention of the tracer at the bifurca-
tion of the pulmonary artery. A filling defect at the right atrium or ventricle might 
reflect the presence of a myxoma. It would also show collateral circulation and 
problems for blood flow at the level of the superior cava vein or morphological 
abnormalities at the aorta, and it is able to demonstrate the perfusion of pulmonary 
tumours through the bronchial arteries after the transit of the radiotracer through the 
left ventricle and aorta. 

The morphological information provided by this qualitative procedure is of the 
same quality as that offered by radiological studies using a catheter. This was our 
conclusion after introducing qualitative first-pass radioangiocardiography in the 
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investigation of corrected transposition in all its varieties: situs sollitus, situs 
inversus, apex to the right or apex to the left. 

By using radioactive macroaggregated albumin it is possible to study its flow 
through the right chambers, pulmonary artery and pulmonary capillary bed. 
Normally, the left ventricle remains empty, but when there is a right-to-left shunt 
this ventricle is filled by the tracer flowing through the abnormal communication and 
aorta can also be visualized. In this case, the images show the presence of the tracer 
at the peripheral precapillary beds: kidneys, intestine, brain, muscles, myo-
cardium, etc. 

With these few but selected examples I hope I have made my point regarding 
the significant role of simple qualitative first-pass studies in cardiological and pulmo-
nary diagnosis. These studies can be performed with an old-fashioned 19-tube 
gamma camera. 

Myocardial perfusion can also be studied with a gamma camera, but in this 
case it is necessary to do it with a gamma camera with at least 37 photomultiplier 
tubes in order to attain the needed spatial resolution. 

We started our work on this item by using intracoronary injection of 99Tcm-
labelled macroaggregated albumin. In this particular case we prefer to use our own 
cold kits and subject the tracer to strict quality control procedures immediately 
before its administration to the patient. Labelling efficiency should be higher than 
95 % ; the size of the particles should average 30 /¿m with a maximal range between 
20 and 50 microms. The number or particles should never exceed 150 000 particles 
per dose. 

Three millilitres of the stock solution are diluted in 10 mL of bidistilled water 
and the tracer is slowly injected into the main coronary arteries just after completion 
of radiological coronary angiography, with a 3 min lapse, to avoid the arterial 
constriction produced by the irritative effect of the radiological contrast agent. The 
patient is then carried to the nuclear medicine unit and images of the heart are 
acquired at five different projections: anterior, right oblique, left oblique at 30° and 
40°, and left lateral. 

In normal cases the tracer is homogeneously distributed at the myocardial 
capillary bed, but the perfusion defects caused by coronary artery disease appear as 
concentration defects. However, coronary angiography is only sensitive to abnor-
malities in the arterial trunks and branches with an interior diameter of more than 
100 ц т , while myocardial scintigraphy is also sensitive to abnormalities in the 
microcirculation, in vessels with an interior diameter of less than 30 pm, which 
includes the precapillary bed. In diabetic patients, for instance, quite frequently we 
have found normal coronary angiographies with obvious perfusion defects in: the 
scintigraphic image. 

In a study of 135 patients with typical angina we have found that the sensitivity 
of angiography is 85%, while that of perfusion scintigraphy is 90%, and the combi-
nation of both increases their sensitivities to 96%. Consequently, coronary angiogra-
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phy should not be used as the 'golden standard' to evaluate the results with this 
procedure or with thallium scintigraphy, since they give information regarding 
different parameters. They are not competitive in any way; they are complementary 
to each other. Every coronary angiography should be complemented with a perfusion 
scan to be able to explore the coronary system in all its extension. 

Another useful procedure that can be executed with the aid of a simple gamma 
camera is 99Tcm pyrophosphate myocardial imaging. When we started our unit at 
the Institute of Radiology in 1976, there were many disconcerting reports regarding 
acute myocardial infarction scintigraphy, some claiming this procedure as the best 
for the diagnosis of.this ailment, others denying it any clinical value at all. We 
decided then to form our own opinion through a systematic prospective study of the 
most obvious pathophysiological factors involved with this procedure. 

We used the criteria proposed by Berman for the interpretation of the images 
according to the magnitude of the myocardial concentration of the tracer in relation 
to that in bone, which provided five different levels useful to evaluate its perfor-
mance through the receiver operating characteristic curve. Our first results demon-
strated that pyrophosphate was a better indicator of acute infarction than 
diphosphonate, the most fashionable agent at the time. The efficacy of the procedure 
increased steadily with the time of evolution of infarction, reaching a maximum 
between the third and the fourth days after the acute episode, to decrease again in 
posterior days, reflecting the dynamic processes occurring within the infarcted area 
in relation to the fraction of agonizing cells and residual blood flow. Our results 
showed that a diffuse myocardial concentration pattern with less activity than in bone 
(grade 2D, in Berman's categorization) is not a dubious result, as claimed by 
Berman. It signals the presence of unstable angina. 

Optimal efficiency was obtained in patients younger than 40 years old, but it 
decreased with age. This behaviour may be related to a decreasing cell resistance to 
hypoxia in older patients, coupled to the increased incidence of other cardiac 
processes able to concentrate the tracer, as valvular and tissular calcifications, and 
to decrease specificity. 

This procedure has been quite useful at our institution. We use it in all patients 
without a definite diagnosis of infarction after three days of the acute episode, but 
we have found that its value is more significant in regard to prognosis. A negative 
result in a 30 year old patient after three days of a proven acute infarction is indica-
tive of a very bad prognosis in the very short term, since it is a reflection of massive 
cellular death and of a poor residual blood flow at the site of infarction. Other better 
known signs of a bad prognosis are the 'doughnut' sign and a positive result after 
two weeks of infarction. Besides these useful indications, this procedure provided 
the first evidence of an extension of acute infarction to the right ventricle, a patholog-
ical entity presumed by Mexican electrocardiographers long ago. Its typical image 
is that of a number 3 on its back at the left oblique views, depicting infarction at the 
anterolateral wall, septum, and inferior wall of the right ventricle. Obviously, the 
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finding of this sign may well influence the treatment and prognosis, since the patient 
is liable to suffer from right ventricular failure. 

Continuous monetary devaluation in Mexico prevented the use of thallium for 
several years, but once it was recognized that the crisis was not a transient phenome-
non but an endemic problem, we decided to carry on. Strictly speaking, computers 
are not needed to extract important information from myocardial thallium scintigra-
phy. In most cases the concentration defects are obvious enough in the images and 
their disappearance or permancence after thallium redistribution are equally apparent 
and easy to interpret by visual inspection. 

We usually look for the presence or absence of concentration defects during 
exercise or dipiridamole action. They are analysed in regard to their location, exten-
sion, and reversibility after thallium redistribution. The presence of thallium at the 
lungs is a clear sign of pulmonary venocapillary hypertension. 

• Visual interpretation of the images is straightforward:, no. concentration 
defects, no ischaemia; reversible concentration defects, transient ischaemia produced 
by exercise or dipiridamole; permanent concentration defects, scars of an old infarc-
tion or other kind of myocardial cell replacement. 

Analysis of the architecture of the myocardial walls and of the ventricular 
cavity provides important information regarding the quality of ventricular function. 
The prevalence of ventricular wall deformities and of increased sized cavity 
increases with declining cardiac function. From the distribution and extension of the 
concentration defects it is possible to deduce which and how many coronary arteries 
are affected. From the morphological alterations of walls and cavity it is possible to 
deduce the quality of ventricular function. Coupling all these data gives significant 
information regarding prognosis. 

However, we must disagree with all those who claim that thallium scintigraphy 
is a perfusion study and that coronary angiography should be used as its 'golden stan-
dard' for the evaluation of its results. As was commented before, angiography is only 
sensitive to truncal alterations of the coronary arteries, but thallium scintigraphy, 
although also sensitive to truncal alterations, is also sensitive to capillary bed abnor-
malities and to the altered physiology of the myocardial cells, due to disease, trauma 
or toxic agents, to the regional decrease of healthy myocardial cells, either due to 
cellular replacement as in lymphoid and amyloid infiltrations, or to cellular death, 
as in infarction. We could not demand thallium scintigraphy to be specific for coro-
nary artery disease, any more than we could demand perfusion lung scintigraphy 
with macroaggregated albumin to be specific, for pulmonary embolism. Thallium 
scintigraphy is more sensitive but less specific than coronary angiography. They 
should not be compared, because they give different data regarding different physio-
logical parameters. 

At present, and during the last 18 months, we have replaced the use of thallium 
by the use of 99Tcm isonitril. Unlike thallium this new tracer remains at the 
myocardial cell without any redistribution and wash-out. This means that isonitril 
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imaging reflects in a more reliable fashion the actual regional myocardial perfusion 
at the time of its intravenous administration than thallium imaging does. Besides, the 
physical characteristics of the gamma photons from 99Tcm are better suited for 
imaging than the characteristic X-rays emerging from mercury, the daughter of thal-
lium. Furthermore, the density of data offered by 2 mCi of thallium is not the same 
as that obtained through the administration of 10-30 mCi of 99Tcm. Image quality 
is superior with isonitril. However, both tracers are similar regarding their sensitivi-
ties to pathology at the microcirculation and altered cell physiology and myocardial 
replacement. The only inconvenience of this new tracer is the necessity to inject two 
doses: one for the stress study, the other for the rest image. Its advantages are obvi-
ous, specially for developing countries. It helps to improve logistics; it renders 
images of the best quality; it gives clearer clinical information; it allows the simul-
taneous study of other important physiological parameters, such as ejection fraction 
and regional wall motion. But for it to become reality, its price should be radically 
reduced. Otherwise, this tracer is going to be another piece of science fiction in the 
history of nuclear medicine: science in industrialized countries, fiction in developing 
countries. 

Before advancing to other technologies, we should not forget that liver 
scintigraphy is a valuable means to define liver and spleen location in patients with 
congenital heart diseases. We also use this procedure in patients with suspected 
infectious endocarditis, in search of colloid concentration defects in both organs, 
caused by the characteristic septic embolism, producer of liver and spleen infarctions 
and abscesses. 

I have been discussing the most significant aspects of advanced nuclear 
cardiology so far without the smallest mention of the use of computers . This is a clear 
demonstration that nuclear cardiology could be a reality in any nuclear medicine unit 
having an old-fashioned gamma camera and the will to do it. 

In 1981 we built our own digital system based on a microprocessor. Since 1986 
we have been using a more advanced version based on the IBM personal computer, 
which will be described during this symposium (Paper IAEA-SM-304/46). 

Digital systems are needed to improve the quality of the images and to extract 
the quantitative data present in any study with radionuclides. All the previously 
described procedures can be converted from qualitative into quantitative methods. 
That is the importance of digital systems: they allow expression of the change of the 
time on each acquired frame of first-pass radioangiocardiography. Isolated images 
of the right and left phases of this study can be superposed on pyrophosphate 
myocardial images to gain cardiac anatomic references and be more precise in the 
location of an acute infarction. By using several regions of interest over the different 
cardiac cavities and structures it is possible to measure the respective transit times. 
The gamma variate fit to the time/activity curve extracted from a ROI covering part 
of a lung allows the calculation of the earlier lung recirculation of the tracer due to 
a left-to-right shunt. This index is quite similar to the Qp/Qs ratio obtained through 
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a cardiac catheter. Radial distribution of thallium or isonitril along myocardial walls 
could be represented in a histogram, giving more precise information regarding 
regional myocardial distribution of the tracer at the time of acquisition. Comparison 
of the histograms obtained during exercise or after a dipiridamole injection and with 
images obtained after four hours, gives information regarding regional thallium 
wash-out and blood flow. The digital system also allows the construction of paramet-
ric images of thallium redistribution based on the point-by-point mathematical 
manipulation of the original images attained during exercise and four hours after . 
One image depicts the regional retention of the tracer, while the other shows its 
regional elimination or wash-out. 

However, the most important application of digital systems in conventional 
nuclear cardiology is in the analysis of gated equilibrium studies in order to get infor-
mation regarding regional cardiac function. It is possible to isolate the ventricular 
volumetric curve, to. measure the relative duration of each of its phases and to calcu-
late the most important parameter of global ventricular function: ejection fraction. 
To study regional ventricular function it is necessary to have recourse to harmonic 
or Fourier analysis of the volumetric curve at every single element in a point-by-
point fashion, in all the frames. In this way it is possible to construct parametric 
images of the regional amplitude and phase of the cardiac cycle. These images are 
of great value in detecting hypokinetic, akinetic and dyskinetic areas and in the analy-
sis of the spatial and temporal distribution of the cardiac contraction wave. 

The significance of these quantitative studies cannot be denied. Quantitation of 
physiological processes evidently is more precise than their simple visual explora-
tion. But you should note that all the quantitative analysis herein described was 
performed with the aid of a home-made, inexpensive digital system, based on the 
common IBM-PC. 

Just recently I was lucky enough to be invited to run a new nuclear medicine 
unit at a private institution. There I was introduced to the world of single photon 
emission computer tomography (SPECT) and commercial computers. In a few 
weeks I became a fanatic of SPECT myocardial images, either with thallium or 
isonitril. There is no way to miss a concentration defect when this instrument 
explores every millimetre of the ventricular walls. Even with my small experience 
in this new field I would agree with all those who say that SPECT is the most 
valuable procedure for detecting coronary artery disease, and more so when you are 
aided by sophisticated programs to display objectively the semi-quantitative distribu-
tion of the tracer in myocardium, such as the polar or bull's eye views. However, 
I must confess that I have lost my independence with this marvellous intrument. 
Now, I need to rely on software designed as industrial secrets by others and I am 
not comfortable with it. I am used to design my own software according to my own 
real needs and to do all the quality control and maintenance. And that is what worries 
me most. This new equipment is so new and sophisticated that we had to stop our 
clinical work for nearly two months before Mexican and US service staff from the 
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producer firm were able to solve a systemic problem. But, even now, they have not 
as yet identified its cause and they do not know if the problem was related to software 
or to hardware. To tell you the truth, I am still more confident in my underdeveloped 
digital system. 

We may conclude that nuclear cardiology could be a reality in any nuclear 
medicine unit today having a good gamma camera and the assistance of a cardiologist 
for interventional studies. Digital systems and computers provide quantitative infor-
mation of undeniable value, but even qualitative nuclear cardiological studies, based 
on the visual interpretation of images, also provide basic physiological information 
which is not available through other noninvasive methodologies. The cost of nuclear 
cardiology in developing countries could be decreased by the use of cold kits 
produced on the site and the development of some items of electronic or digital 
equipment. The purchases of an ergometer can be replaced by the use of dipirida-
mole for thallium imaging during stress. Besides, if we were able to design, build 
and program an inexpensive digital system for a common IBM personal computer, 
I am sure that many other nuclear medicine departments should be able to pursue 
the same objective in order to be able to quantitate cardiological studies. 
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Abstract 

RENAL FUNCTION STUDIES. 
Renal and urological disorders occur frequently in developing countries. Renal function 

measurement helps to determine whether or not a kidney has obstructive nephropathy needing 
surgery when a dilated outflow tract is found; which kidney to operate upon first in bilateral 
disease; and whether significant renovascular disorder is present. The techniques range from 
simple three probe renography to computer linked gamma camera with deconvolution analysis 
to give the parenchymal transit times. The quality of the service and the physical and technical 
environment are important. 99Tcm MAG3 mercapto acetyl triglycine is a new radiophar-
maceutical which combines the physiology of hippuran with the availability of pertechnetate. 
Renal nuclear medicine is an essential service where urological operations are performed. 

1. INTRODUCTION 

The structures and pathology of the kidneys are best studied by the 'anatomical 
tests', intravenous urography (IVU), X-ray.computer assisted tomography (X-ray 
CT) and ultrasound. The functions of the kidneys and the distribution of those func-
tions are best investigated by 'physiological' tests, in which the use of radionuclide 
labelled compounds is all-important. The first approach was to set probes over the 
regions of both kidneys and a third probe over the chest, called renography. The 
renogram is a record of the variation with time of the quantity of radiation arriving 
at a detector sited external to the patient over the region of a kidney, from the radio-
active material, typically 131I orthoiodohippurate, OIH, in its field view. This is a 
crude representation of the kidney curve , which is the activity/time curve obtained 
just from a kidney. Thus the renogram is a composite curve, one component of which 
is the kidney curve and the other component is the variation of activity with time of 
non-kidney tissue and blood in the field of view of the detector. The activity/time 
curve of this latter component has, after about one and a half minutes of tracer-
mixing following intravenous injection, the same shape as a record of the change of 
tracer activity with time obtained with a detector over a non-kidney region such as 
the chest wall or the head. This non-kidney curve is called the blood clearance curve, 
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somewhat inaccurately since it differs slightly from the activity/time curve obtained 
from a series of blood samples. Nevertheless it is the standard representation of non-
kidney activity with which each renogram may be compared. If the renogram differs 
from the blood clearance curve then the difference represents some function in the 
kidney from which the renogram was obtained. It is clear that the kidney curve is 
the recording of physiological and clinical interest. As the renograms more or less 
conceal the kidney curves, depending on the level of renal function, so their under-
standing and interpretation is more difficult. 

On visual inspection a normal pair of renograms are characterized by their 
symmetry. A normal renogram has a steeply rising part of the curve usually lasting 
20 to 30 seconds and ending with an apparent discontinuity of the slope. This 'first 
phase' is absent in the renogram when it is corrected for tissue and blood back-
ground. The renogram then rises over the next few minutes to a peak, the 'second 
phase'. If there is no peak to the renogram, as occurs in certain diseases, it can be 
said that the second phase continues to rise. After the second phase is the peak, which 
should be sharp. The record descends after the peak in the normal, the 'third phase'. 
If there is no peak (in disease) then there is no third phase. An abnormal renogram 
then is. characterized by loss of the sharpness of the peak and alteration of either the 
second or third phase, or both of these. Absence of the second phase does not neces-
sarily mean absènce of renal function; absence of the third phase certainly does not 
necessarily mean obstruction to outflow. 

The report of an abnormal renogram should be in two parts, the description 
and the interpretation in the individual clinical context. In describing the abnormal 
renogram, the first phase should be ignored. The second phase may be called 
'absent', 'impaired', 'normal' and/or 'continuing to rise' when no peak occurs. The 
third phase may be called 'absent', 'impaired' or normal. The time to peak varies 
nón-linearly with the state of hydration and urine flow: It is indirectly related to the 
rate of salt and water reabsorbtion by the nephrons and on the state of the pelvis. 
It is a crude index of the tracer transit through the parenchyme and pelvis. Normal 
peak.times vary between 2.0 to 4.5 minutes with a mean of 3.7'minutes at a urine 
flow of 1 mL/min. 

If renograms without third phases are symmetrically abnormal, prerenal or 
renal parenchymal disorder is the most likely explanation. If the renograms without 
third phases are asymmetrical then bilateral outflow disorder, is more likely. It may 
only be possible to judge symmetry or asymmetry of pairs of rising curves, after 
tissue and.blood background correction have been performed [1]. In the context of 
bilateral outflow obstruction, the kidney that should be operated upon first to relieve 
the outflow obstruction is that with the better uptake function, as demonstrated by 
Sreenevasan [2]. When operation has successfully relieved the outflow disorder, 
there is improvement in the rate of rise of the second phase. The third phase may 
remain absent for weeks or even months after successful relief of a chronic outflow 
obstruction. This depends on the previous severity of the reduction in kidney uptake 
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function; the more severe, the longer the recovery. Thus absence of the third phase 
after operation for obstruction does not mean that a continuing obstruction is present. 
This is because the rates of recovery from the obstructive nephropathy as assesssed 
by renography, and from the obstructive uropathy as assessed by IVU, differ. 

Renal function in the patient with hydronephrosis cannot be judged by the 
cortical thickness seen on IVU, because the cortical thickness is not uniform. A 
grossly inaccurate underassessment of function may be made if the central cortical 
thinning is taken as representative, because often normal nephrons are present in the 
poles. Anatomical information is gained from the IVU through black and white 
contrast, whereas renography gives a grey scale related to renal function which is 
summarized graphically. 

If the curve continues to rise and renal function is moderate or good than an 
injection of 40 mg frusemide intravenously at about 18 minutes after the start will 
cause the curve to fall rapidly if the resistance to outflow is trivial. Lack óf response 
to frusemide is strongly suggestive of outflow obstruction. Thus the combination of 
a plain X-ray of the abdomen to identify stones and the position of the kidneys, and 
a three probe renography system with 13 'i ÖIH is able to provide a basic service for 
a developing country, and has done so for many years. The problems of probe reno-
graphy are those of placement of the probe over the kidneys (for this wide field of 
view collimation is important) and the inability to distinguish by visual inspection of 
the renograms or measurements those events that affect the pelvis from those that 
affect the parenchyma or inflow. 

As a result, the computer linked camera is replacing the renography system. 
The requirements for a high quality environment, regular servicing and quality 
control maintenance are often major problems in a developing country. A stable 
temperature and humidity through unceasing air conditioning, and a stable uninter-
rupted voltage are essential prerequisites. The choice of equipment depends on the 
reliability of the services'provided by the manufacturer, who must be competent, 
efficient, and financially and politically secure. Quality control and computer 
assisted analysis require adequate physics and technical support. 

2. THE MEASUREMENT OF TOTAL AND OF INDIVIDUAL RENAL 
FUNCTION 

If the kidneys are the sole host for certain substances introduced into the body, 
the measurement of their rates of disappearance from the body will give an estimate 
of the total uptake function of the kidneys for such substances. If 5 lCr EDTA or 131I 
hippuran are chosen, measurement of their disappearance rates will give their uptake 
functions, which are directly related respectively to glomerular filtration rate (GFR) 
and the effective renal plasma flow (ERPF). Where ERPF is the product of the renal 
plasma flow, RPF, and the extraction efficiency, E: ERPF = RPF x E. This is the 
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basis of the 'single shot' technique [3, 4]. Note that the only fundamental difference 
in the measurement of GFR and RPF by the single-shot technique is the value of the 
extraction ratios of the compounds used. The same is true of GFR and ERPF 
measured by clearance techniques. Both techniques measure the same aspect of func-
tion of the kidney — the uptake function. This can be shown mathematically and 
empirically by demonstrating that, in steady state conditions, the ratio of the filtra-
tion fractions of two kidneys in dog or man is not significantly different from unity 
[5]. This is true for kidneys with different uptake functions provided they are studied 
under steady state conditions; but small deviations from unity for the ratio of filtra-
tion fractions can occur if the juxtamedullary nephron populations in the two kidneys 
are differently disordered relative to the cortical nephrons of those kidneys as occurs 
with Captopril intervention in renal artery stenosis. 

In order to undertake the measurement of individual renal function, the uptake 
rate of the tracer by each kidney is considered, for example, using a gamma camera 
over the patient which will include in its field of view the left ventricle and the two 
kidneys. Background areas may be taken cranial to each kidney stretching medially 
but not so as to include the region of the great vessels. Regions of interest may be 
set up on the computer display using appropriate programmes, over the heart, the 
background areas and the two kidneys. 

Considering first the heart, it is a simple matter to make an estimate of cardiac 
output during the injection of OIH or 99Tcm DTPA. A first-pass activity/time curve 
is recorded from the left ventricle and the usual Stuart Hamilton extrapolation is 
made to give the area under the first-pass activity/time curve. An 'equilibrium' value 
may be taken at about 1 min. The concentration at equilibrium, Ce, divided by the 
area under the first pass curve, Ca, gives a cardiac index in blood volumes per 
minute, going through the heart. CI = Ce/Ca blood volumes per minute. Thus a 
blood volume of,, for example, 5 litres passing through the heart each minute would 
give a cardiac index of 1. The advantage of this index is that it is not dependent on 
height or weight, does not require a blood sample and does not require perfect 
equilibrium, which of course does not occur when using a tracer cleared by the 
kidneys. An index of cardiac output is essential whenever renal plasma flow is 
measured, since the prime determinant to renal plasma flow is the cardiac output. 
This is particularly important for serial measurements in the same person and when 
drug studies are undertaken, such as consideration of the effect of beta blockers on 
renal blood flow in hypertension. 

From the regions of interest over the two kidneys, activity/time curves are 
generated. From these can be seen that a normal peak occurs at about 2'/2-3 min at 
which time the tracer is starting to be lost from the kidney. Therefore no analysis 
of percentage function can be made after this time. During the first 1 Vi minutes or 
so there are unstable conditions with mixing effects and therefore it is best to limit 
the consideration of relative renal function to that period when uptake is unaffected 
by these factors, usually between \Уг-2Уг minutes in kidneys without outflow 
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disorder. The time period may be later, e.g. 3-4 min, in kidneys that have slow 
transit times. The quantity in the kidney at such a time Q(t) is given by the supply 
rate, the renal plasma flow, RPF x the plasma concentration P(t) x the extraction 
efficiency, E, of the tracer. For OIH, Q(t) = ERPF x P(t). For 99Tcm DTPA this 
is the renal plasma flow x the filtration fraction x the plasma concentration. The 
filtration fraction is given by the glomerular filtration rate divided by the renal 
plasma flow and so this cancels down to the quantity in the kidney being equal to 
the glomerular filtration rate x the plasma concentration. 

Thus for Tc DTPA, Q(t) = GFR X P(t). 
For the left kidney QL(t) = GRFL x P(t). 
For the right kidney QR(t) = GFRR X P(t). 

Dividing one by the other shows that the ratio of the uptake is in proportion 
to the ratio of glomerular filtration rates or, more easily, the ratio of the quantities 
in the left kidney to (left + right) equals the fraction of glomerular filtration rate of 
the left kidney of total glomerular filtration rate. 

QL(t)/[QL(t) + QR(t)] = GFRL/Total GFR 

It is also true that one can use either radioiodinated OIH, 99Tcm DTPA or 
99Tcm MAG3 (mercapto acetyl triglycine) or indeed 99Tcm DMSA (dimercapto 
succinate). Q(t) can also be obtained by measuring the individual renal uptake 
component (integal of the blood clearance curve fitted to the corrected second phase 
of the kidney activity/time curve). The deviation is described by Nimmon et al. [4] 
in this symposium (IAEA-SM-304/41) and by Britton and Brown [5], Rutland [6], 
and Peters et al. [7]. 

The potential errors in measuring Q(t) are not negligible. The most important 
assumption is that the kidneys are at equal depth. 75% of kidneys have less than one 
centimetre difference in depth and the count rate loss is about 10% per cm for 
99Tcm or 123I. Such a loss would lead to an error of about ±3.5% for the measured 
percentage relative function [5]. Corrections for depth may be undertaken using true 
lateral views of the kidney [8-10], ultrasound [11] or from a height/weight formula 
[12, 13], which is less reliable. 

Counting errors due to the Poisson statistics require the use of 99Tcm MAG3 
or 123I OIH rather than 131I OIH with the gamma camera giving on average a 
twentyfold increase in count rate and a fivefold reduction in absorbed dose for the 
same administered activity. Reduction of non-renal background activity by region of 
interest, ROI, selection does not eliminate the contribution from anterior and 
posterior to the kidney, but for 99Tcm and 123I, unlike 131I, the mean effective 
equivalent source of background is from posterior to the kidneys, from the largely 
symmetrical muscle bulk. 
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The absolute measurement of individual kidney function has many difficulties 
including the rates of change of the renal input, the blood and tissue background and 
the renal uptake, the effects of different renal depths on the attenuation of the renal 
count rate, the problem of relating the detected activity to the injected activity, the 
sensitivity of the gamma camera and the dead time losses in count rate if a syringe 
with highly active contents is counted on its face. Most published methods correct 
for some but not all of the above problems. Kidney depth may be measured directly 
as above, or some use a height/weight formula and assume them to be equal [14-16]. 
Some avoid blood sampling [6, 9, 10, 14-20]. One or more blood samples may be 
used to calibrate the activity/time curves [8, 21] but measurements with or without 
blood sampling tend to be inaccurate when the rate of change of activity in the blood 
is high. Blood volume has been estimated from height and weight [15, 16]. This has 
an interesting effect when the clearance of " T c m MAG3 is compared with 131I 
OIH. Since the volume distribution of MAG3 is 65% of that of IOH, and the differ-
ence in clearance half time is only a few per cent, the calculation of ERPF by the 
Gates [15, 16] method gives the same result for MAG3 or ERPF, whereas methods 
using blood sampling show that the clearance of MAG3 is about two-thirds that of 
OIH [22, 23]. While these apparently direct methods give a pleasing computer 
printout in terms of the GFR or ERPF of each kidney in mL/min, it is more reliable 
to measure the blood clearance properly in mL/min and apply the relative uptake 
function percentage measurements to it to give the individual renal clearance [8,21]. 

3. T H E P H Y S I O L O G I C A L B A S I S O F R E N A L R A D I O N U C L I D E S T U D I E S 

In order to link the clinical problem to a physics based test, the physiology and 
pathophysiology of the problem must be understood and represented in the form of 
a simple 'model'. For each physiological model, a particular mathematical analysis 
is appropriate which may well be quite inappropriate for a different model. Thus for 
matters concerned with the plasma, extracellular fluid, and clearance, a model made 
up of spaces or compartments is appropriate, and compartmental or 'exponential' 
analysis. 

The assumption of a compartmental model is that the rate of mixing in any 
compartment must be rapid compared to the rate of exchange between compart-
ments. Thus it cannot be applied to a kidney made up of tubes, To this a linear system 
model is appropriate, in which forward flow occurs through many tubes in parallel. 
The requirements are stationarity: that the system is in a steady state so that when 
an input at one time gives a certain response, the same input on a subsequent time 
will produce the same response. The method of analysis is called deconvolution and 
allows the renal activity/time curve to be taken with the blood clearance curve from 
the left ventricular region of interest to give the activity/time curve response as if 
to a single input into the renal artery. This response is called the 'impulse retention 
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function' and, taking the height over area after correcting for vascular transit times, 
gives the mean transit time. If the region of interest is the whole kidney, this gives 
the whole kidney mean transit time, WKTT, which is rather non-specific as to 
pathology. When the region of interest is just the renal parenchyma, then the mean 
parenchymal transit time, MPTT, is given. In order to measure the pelvic and paren-
chymal transit times, it is necessary to separate all elements of the pelvicalyceal 
system from the parenchyme. The conventional count distribution image does not 
easily allow such separation, so a function mean time image is created instead by 
replacing the 'renogram' in each pixel of the image matrix by its mean time. Longer 
mean times may be shown as higher intensities. Since no activity reaches the pelvis 
until two or more minutes, the pelvis is easily identified in this way. The region of 
interest is drawn generously around it so as the parenchyme includes no pelvis. In 
this method, the meantime, t, of each activity/time curve in each pixel is calculated 
using the relationship: 

t = (Si, ti, Ni) 
(Si, Ni) 

where Ni is the number of counts between the ti and ti + 1. From the regions of 
interest of the whole kidney, the pelvis and by substraction, the parenchyme, the 
activity/time curves representing each region are obtained. 

The mean parenchymal transit time, MPTT, may be subdivided into a 
minimum transit time, Min TT, common to all nephrons and representing the obliga-
tory minimum transit time of the non-reabsorbable solutes along the nephron and 
particularly the collecting duct. Subtraction of the Min TT from MPTT to give the 
parenchymal transit time index, PTTI, helps to correct for variations in urine flow 
between patients and is particularly useful in the assessment of obstructive nephro-
pathy. Subtraction of Min TT from the whole kidney transit time gives another 
index, WKTTI. Thus the following relationships are obtained: 

WKTT = WKTTI + Min ТТ. 
, MPTT = PTTI + Min ТТ. 

WKTTI - PTTI = Pelvic TT, the pelvic transit time. 
MPTT + Pelvic TT = WKTT. 

The understanding of the renal transit times depends on knowledge of the 
mechanisms of salt and water reabsorption at the proximal tubule. There is both an 
active process of salt reabsorption through tubular cells and a passive process which 
occurs between the cells. The passive transport of salts and water from the lumen 
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TABLE I. USE OF RENAL TRANSIT TIMES 

Normal 
seconds 

Obstructive 
nephropathy 

Dilated pelvis 
unobstructed 

Renovascular 
disorder 

PTTI 10-156 
> 1 5 6 s 
most sensitive 
and specific 

normal non-specific 

MPTT 100-240 non-specific normal 
> 2 4 0 s 
most sensitive 
and specific 

Pelvic TT 
WKTT 

5-25 
120-300 

increased 
• prolonged 

non-specific 

increased 
prolonged 
non-specific 

usually normal 
prolonged 
non-specific 

of the proximal tubule to the peritubular capillaries depends basically on the slight 
difference in pressure in these two systems. The pressure in the peritubular capillary 
depends on the prevailing blood pressure and the effect of any narrowings between 
renal artery and the glomerulus. It also depends on the oncotic pressure of the plasma 
proteins in the peritubular capillary fluid which have been concentrated as a result 
of glomerular filtration. In situations which reduce the transmission of blood pres-
sure to the peritubular capillary, typically renal artery stenosis or small-blood vessel 
disease of the kidney, then renovascular hypertension is caused, partly because of 
the increased salt and water reabsorption which is due to the peritubular capillary 
pressure being less than the intratubular luminal pressure. Conversely, when there 
is significant resistance to outflow, the intratubular pressure rises relative to the 
peritubular capillary pressure, again causing increased salt and water reabsorption. 
In both these situations the increased salt and water reabsorption occurring in the 
proximal tubule concentrates the non-reabsorbable tracer in the tubular luminal fluid. 
Thus DTPA, MAG3 and OIH are concentrated in a smaller volume of fluid 
in the lumens of the proximal tubules; therefore the nephron transit time of these 
tracers is increased. This is true not only in renovascular disorder causing hyper-
tension, but in the presence of obstructive nephropathy. In renovascular disorder this 
increased transit time of OIH through the parenchyme gives the typically delayed 
peak to the conventional OIH renogram. The prolonged proximal tubular transit time 
measured as the PTTI of IOH, MAG3 or DTPA may be used to indicate whether 
obstructive nephropathy is or is not present when a patient presents with discomfort 
over a kidney and the X-ray shows a dilated renal pelvis. The use of the transit times 
is shown in Table I. 
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4. OBSTRUCTIVE NEPHROPATHY 

Obstructive nephropathy is the effect on renal function of an obstructing 
process situated in the renal outflow tract. This may be reliably assessed using renal 
radionuclide studies and the result of these studies may determine the need for opera-
tive relief. The presence of a significant resistance to outflow may be demonstrated 
noninvasively in two ways: either by attempting to overcome it through a forced 
diuresis or by demonstrating the consequent alteration in renal physiology through 
the prolongation of the parenchymal transit time index, PTTI. 

4.1. Frusemide diuresis 

Frusemide acts directly on the thick ascending limb of the loop of Henle, where 
it inhibits the active non-ATP-ase dependent pump. This active 'chloride' pump is 
the basis of the active transport of sodium out of the lumen of the thick ascending 
limb into the interstitium whereby it aids the formation of the concentration gradient 
necessary for the concentration of urine. In order for frusemide to work there must 
be a sufficient number of nephrons to produce a diuresis. The frusemide diuresis is 
an unreliable test when renal function is poor. Conversely, if renal function is very 
good, there may be such a diuretic response from frusemide that a significant but 
relatively slight resistance may be overcome; thus a false diagnosis of lack of 
obstruction may be made because of a good response to frusemide when in fact 
obstructive nephropathy is present. The capacity and compliance of the pelvis also 
affect the response. Frusemide diuresis may be applied to intravenous 
urography [24]. 

Frusemide diuresis is applied before or during probe renography [25] usually 
at 18 to 20 min or similarly during conventional gamma camera renal radionuclide 
studies [26] using 99Tcm DTPA, MAG3, or 123I OIH. The normal response is a 
significant fall in the activity/time curve. If there is no such fall, this is taken as 
evidence of significant outflow resistance. However, interpretation of a slight 
response is difficult. Since the measured change in activity with time is the basis of 
determining the response to frusemide, the response is also crucially dependent on 
the amount of activity taken up by the kidney and the rate of uptake. Thus the rate 
of fall of the activity/time curve by the kidney in response to frusemide is dependent 
on its previous rate of rise and one has to judge whether the rate of fall is appropriate 
for a given rate of rise. A moderately poorly functioning kidney would have a moder-
ately impaired rate of rise and a moderately impaired but appropriate rate of fall in 
response to frusemide in the absence of obstructing uropathy. An inappropriately 
slow rate of fall in response to frusemide would then support the diagnosis of 
obstructing uropathy. Therefore a good response is taken as an appropriate rate of 
fall for a given uptake rate, a poor response as an inappropriate rate of fall for a given 
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uptake rate (and together with a nil response it indicates obstructing uropathy), and 
a moderate response should be taken as indecisive. 

As a consequence of the dependence of the response to frusemide on the renal 
uptake function, so-called 'excretion indices' where only the post-frusemide 
response is evaluated cannot be relied upon, especially when renal function is 
impaired. Series showing good results with frusemide responses tend to have a high 
percentage of patients with normal or near normal renal function. A new method of 
relating the response to the renal uptake component which overcomes this problem 
is described in detail by Nimmon et al. [4] in this symposium (IAEA-SM-304/41) 
and Bahar et al. (IAEA-SM-304/52b) discuss the application of radionuclide renal 
studies in bilharzia [27]. 

4.2. The parenchymal transit time index 

In order to undertake deconvolution analysis an activity/time curve repre-
senting the input function to the kidneys must be obtained and data is recorded from 
an ROI set up over the left ventricle, which is within the perimeter of a large field 
of view camera set up over the region of the kidneys. Deconvolution analysis is then 
performed using an inverted matrix algorithm using the cardiac input curve and the 
parenchymal activity curve to give the parenchymal impulse retention function from 
which the distribution of parenchymal transit times is obtained; and separately using 
the cardiac input curve and the whole kidney activity/time curve to give the whole 
kidney impulse retention function from which the distribution of whole kidney transit 
times is obtained. 

Deconvolution analysis takes the blood clearance curve from the left ventri-
cular ROI as the sum of a series of small spike inputs of decreasing amplitude and 
takes the renogram activity/time curve as the sum of the series of responses to the 
series of inputs and derives from them the response to the single spike input — the 
impulse retention function. A sharp high amplitude peak is followed by a decline 
which represents the distribution of renal arteriovenous vascular transit times. These 
may be analysed separately [6, 28]. The decline runs into a plateau which represents 
the transit times common to all nephrons, that is the minimum transit time which may 
be taken to represent movement to the collecting ducts. The plateau bends sharply 
and declines rapidly in the normal representing the variation of times of passage of 
different nephrons additional to the minimum, the parenchymal transit time index. 
These nephron transit times are relatively short and similar in the normal but increase 
and disperse in time in the presence of obstructive nephropathy and in the presence 
of functionally significant renovascular disorder, related to the increased reabsorp-
tion of salt and water from the tubules in these conditions. 

In the normal kidney with a normal pelvis the shape of the whole, kidney 
impulse retention function is very similar in shape to that of the parenchyme, since 
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the normal pelvis has a short residence time, of the order of ten seconds, and has 
non-turbulent flow. 

In the presence of a dilated unobstructed renal pelvis, the impulse retention 
function obtained from the whole kidney will differ from that of the parenchyme 
alone because of mixing and eddying of tracer in the dilated pelvis. The parenchymal 
impulse retention function will remain normal because the unobstructed renal pelvis 
is at a normal pressure. 

The situation is quite different when a rise in pressure occurs in the renal pelvis 
as a result of increased resistance to outflow. This causes the parenchymal transit 
time of non-reabsorbable 99Tcm DTPA to be prolonged. The shape of the paren-
chymal impulse retention function is altered due to the longer times of tracer transit 
and due to the greater spread of their transit times through the kidney. The whole 
kidney impulse retention function is also changed due to the combined effects of the 
altered parenchymal response and the mixing and eddying of tracer in the dilated 
obstructed pelvis. In this way, the truly obstructed kidney with pelvic dilatation is 
distinguished from the unobstructed kidney which has pelvic dilatation, for example, 
due to a previous obstruction not now present or a congenitally large pelvis. Thus 
the parenchymal transit time index may be used to monitor the presence or otherwise 
of a potential outflow system obstruction in terms of whether or not the increased 
resistance to outflow is causing a rise in intratubular pressure. Normal and abnormal 
ranges for parenchymal transit time can be defined by comparing this data with direct 
measurements of intrapelvic pressure using the Whitaker technique [29, 30]. 

The assumptions of the method are those of a linear system and the sources 
of error are due to statistical noise on the activity/time curve data to which the decon-
volution process is sensitive. This is reduced by administering higher activities of 
the radiopharmaceuticals than usual for routine studies 400 MBq (10 mCi) 
9 9 T c m D T P A 8 0 M B q q mCi) 123I OIH and 100 MBq (2.5 mCi) 99Tcm MAG3 and 
by using noise reduction techniques [4, 31]). The disadvantage of the transit time 
approach is that although the algorithm and computer programme for deconvolution 
analysis are straightforward in principle, careful attention is necessary to detail, in 
particular in selecting part of the parenchyme free of pelvic activity and in making 
the correction for the minimal transit time. Nevertheless, the computer technique is 
within the competence of any computer orientated physicist and the programme is 
becoming available commercially. Computer failure is the commonest reason for 
inability to determine the parenchymal transit time index. 

The advantages of the parenchymal transit time index are several. It is a 
physiologically based measure of the response of nephrons to a raised resistance of 
outflow and therefore a fundamental variable for the assessment of obstructive 
nephropathy. It is obtained noninvasively using a conventional gamma camera 
computer system. It depends on individual nephron function and therefore remains 
valid even when the total number of nephrons is severely decreased. Experience has 
shown its applicability down to creatinine clearance values of .8 mL/min. It is in the 
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context of poor individual or total renal function that the diuresis or waterload 
approach cannot be relied upon, yet there are the very vital circumstances when a 
valid assessment of the presence or absence of obstructive nephropathy must be 
made. Since the technique is applied to the kidney and not to the outflow tract, it 
is used and useful in patients with ureteric transposition, with ileal conduits or ileal 
bladder as well as with hydroureter [32]. Absence of obstructive nephropathy in this 
context allows a watch and wait policy with serial studies every three to six months. 
It is complementary to the results of techniques of intravenous urography which 
demonstrate the structural basis of the obstructing uropathy because the PTTI gives 
the assessment of the effect of the obstructing process on nephron function. The 
PTTI together with the relative contribution of each kidney to total function are both 
measured at the same gamma camera study. They give what is required for the 
clinical assessment of how the individual kidney is responsing to the presence of an 
obstruction. This measurement may be combined with the use of frusemide diuresis 
[33, 34]. 

5. RENOVASCULAR DISORDER 

Asymmetry of renal uptake function is the first step towards the demonstration 
of stable, unilateral, functionally significant renovascular disorder. The most impor-
tant is the demonstration of the particular renal functions disordered in the ischaemic 
kidney: that of increased salt and water reabsorption due to a drop in peritubular 
capillary pressure relative to the intratubular luminal pressure in the proximal 
tubules; and the increase in medullary concentrating ability in the collecting ducts. 
This is due to the reduction in juxtamedullary nephron flow which cannot auto-
regulate in response to the fall in perfusion pressure and whose efferent arteriolar 
vasoconstriction is heightened by the increased circulating angiotensin II. The flow 
of fluid in the collecting ducts is thus reduced. In consequence the mean parenchymal 
transit time is prolonged in renovascular disorder because of both the prolonged 
minimum transit time and a prolonged parenchymal transit time index. This explains 
the delayed peak to the renogram due to renovascular disorder. The separation of 
the mean parenchymal transit time from the whole kidney transit time is important 
since it obviates the effect of changes in pelvic transit time by which the specificity 
and interpretation of the whole kidney transit time and the delayed peak of the 
renogram are severely limited. In a normally hydrated hypertensive patient, a mean 
parenchymal transit time over 240 seconds or, in a small kidney, over 1 min longer 
than that of a normal contralateral kidney taken together with an uptake function of 
less than 42% is strongly suggestive of functionally significant renovascular 
disorder. Such a finding does not distinguish between large-vessel and small-vessel 
disease but is a valid diagnostic measure for renovascular disorder [35]. Congenitally 
small kidney and small kidney due to pyelonephritis unilaterally will have normal 
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parenchymal transit time if they are of incidental occurrence in a hypertensive 
patient. 

Smith [36] and Luke et al. [37] showed that between a quarter and half of 
nephrectomies for unilaterally small kidneys in hypertensives would relieve hyper-
tension. 'But which half ?' is now answered. It is those with a prolonged mean paren-
chymal transit time. It should also be noted that the demonstration of a renal artery 
stenosis incidentally in a hypertensive patient, for example undergoing aortography 
for peripheral vascular disease does not mean it is necessarily contributing to hyper-
tension, particularly in the elderly. Essential hypertension and atheroma are both 
common and less than 1% of hypertension is due to renal artery stenosis [38]. 

The Captopril test has been introduced as an alternative approach to improving 
the specificity of the changes in renal activity/time curves associated with reno-
vascular disorder [39,40] . This short acting angiotensin converting enzyme inhibitor 
acts on the afferent arteriolar tone of cortical nephrons, which in renovascular 
disorder may well be already maximally dilated as an autoregulatory response to the 
reduction in perfusion pressure. Through inhibition of the effect of circulating 
angiotensin П, it relaxes the efferent arterioles of juxtamedullary nephrons causing 
a fall in glomerular filtrate there. This is further to the already compromised flow 
due to the reduction in perfusion pressure. This effect of Captopril, however, is not 
specific to renovascular disorder, only to a high circulating angiotensin II. Oei et al. 
[41] using 9 9 Tc m DTPA and 25 mg Captopril found three of sixteen patients with 
normal activity/time curves from small kidneys which showed renovascular patterns ' 
after Captopril. Transit times were not measured in these patients. They showed an 
improvement in sensitivity from 75% to 94% and specificity from 84% to 100% 
using response to percutaneous angioplasty as the control. Six patients with renal 
artery stenosis but not responding to Captopril showed no improvement after 
angioplasty. Sfakianokos et al. [42], using 50 mg Captopril, found I Ю Н superior 
to DPTA in their series, although on theoretical grounds reduction of GFR should 
be more sensitive for renovascular disorder than reduction of plasma flow by 
Captopril. 

A single dose of Captopril can cause potentially dangerous hypotention in two 
circumstances: when renin levels are high and in the salt depleted patient. The latter 
is typically related to diuretic therapy which must be stopped for at least two days 
before the use of Captopril intervention. Good hydration is important and the blood 
pressure must be monitored during the test. Because of the extra intervention it is 
recommended that a conventional gamma camera study is performed first and that 
the Captopril intervention is then made subsequently before a repeat study so that the 
two may be compared. If the first study is normal the subsequent study is only under-
taken if there is a high clinical likelihood of renovascular disorder or if one kidney 
appears smaller than the other and the activity/time curve or MPTT are borderline. 

The success of the mean parenchymal transit time measurement in predicting 
the outcome of angioplasty of the renal artery stenosis has been recently demon-
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strated by Gruenewald et al. [43]. Thirty-two patients with hypertension and radio-
logically important renal artery stenosis were evaluated. Nine with a normal MPTT 
all failed to show improvement in blood pressure whereas 20 out of 23 with 
prolonged MPTT showed improvement or normalization of their blood pressure. 
The importance of using MPTT in the follow-up to detect restenosis was also demon-
strated. Thus reliable screening for functionally significant, correctable renovascular 
disorder may be undertaken without pharmacological intervention through the use of 
the mean parenchymal transit time. 

6. CONCLUSION 

Renal function studies with radiopharmaceuticals are a vital component of any 
investigation of patients with nephrourological problems. The emphasis on physiol-
ogy and pathophysiology brings home the old Chinese proverb that it is not what a 
worker looks like but how hard he works that counts. No longer can the structural 
appearance of a kidney or its outflow tract be taken as evidence of its function. This 
review should be taken together with the presentation of Nimmon et al. 
(IAEA-SM-304/41) at this symposium where the measurement of total renal 
function, the development of a new approach to assessing the response to frusemide 
which takes into account the level of renal function and the introduction of our work 
on the clinical evaluation of 9 9 Tc m MAG3 are given. 9 9 Tc m MAG3 has the advan-
tages of the combination of the physiological properties of hippuran with the availa-
bility of 9 9Tcm . 

The widespread incidence of treatable kidney disease and urinary outflow 
disorders: stones, bilharzia [27] and trauma as examples make renal nuclear medi-
cine an indispensable part of any major hospital in the 'developed' or developing 
country that is dealing with these problems. 
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Abstract 

THE DESIGN OF A PORTABLE DEVICE FOR FIELD STUDIES IN DEVELOPING 
COUNTRIES. 

The design of a portable renography device is described together with some preliminary 
feasibility studies. A robust scintillation detector, in which the photomultiplier is replaced by 
a solid state photodiode with a high gain preamplifier, forms the basis of the design. As well 
as eliminating the fragile photomultiplier, the use of a photodiode considerably reduces the 
size of the assembly and a detector small enough to fasten to the patient's body has been deve-
loped. The bulky and heavy renography stand and the high voltage supply are no longer 
required. All the electronic circuits and power supplies have been built into a personal 
computer but a more robust system could be produced using a dedicated single board 
Computer. In the preliminary experiments 113Inm DTPA was used as a tracer. This radio-
nuclide has a very short half life (100 min) so the absorbed radiation dose is low even in 
patients with renal failure. It is obtained from a generator containing 113Sn with a very long 
half life (110 days) so delays in delivery of several weeks can be tolerated. 

1. INTRODUCTION 

Nuclear medicine is most frequently carried out in major medical centres, 
particularly in the developing countries. Many important diseases occur in remote 
communities, so transport to nuclear medicine laboratories can be difficult and 
involve patients in considerable inconvenience. Radionuclide imaging is very 
difficult in remote areas although it has been carried out using a mobile gamma 
camera in a large vehicle in the highlands of Scotland [1]. 
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y Energy keV 

Fig. 1. Energy spectra for "Tcm and 18F. 

Dynamic studies using probes present fewer difficulties and Wilkins et al. used 
mobile renography apparatus, carried in a Land-Rover [2, 3], to carry out an 
epidemiological study of renal disease in areas of The Gambia where urinary 
schistosomiasis is endemic. Digital data were recorded on С 60 cassettes and sent 
to Harrow for deconvolution analysis. Although Wilkins et al. [2] performed nearly 
1000 renograms in their study, the number of patients per group when subdivided 
by sex, age, etc., was sometimes too small for useful statistical analysis. 

Delays in delivery of 131I hippuran (by air from the United Kingdom) caused 
some difficulties in the studies in The Gambia because of the short half-life and shelf-
life of that tracer [4]. 

Further studies, both of the epidemiology of renal disease and of the efficacy 
of treatment, would be of considerable interest but the apparatus built by Amuasi 
et al. [3] is now obsolescent. We have therefore investigated the use of miniature 
detectors, an alternative radiopharmaceutical and a new approach to data aquisition 
for field studies of renal function. 

2.,.. THE DETECTOR 

The design is based upon a robust and potentially cheap detector which uses 
a solid state photodiode instead of a photomultiplier to detect scintillations. Caesium 
iodide is used as a scintillator in place of sodium iodide because the peak wavelength 
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FIG. 2. Cross-section of detector with collimator. 
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Fig. 3. Isosensitivity profiles for two collimators. 

of its light is more closely matched to the peak of the sensitivity curve of the diode. 
The low gain of the diode compared with a photomultiplier is overcome by mounting 
a high gain amplifier, in a single integrated circuit, close to the diode. The energy 
spectra of a typical detector for 9 9Tcm (140 keV) and 18F ( 511 keV positron annihi-
lation ) are. shown superimposed in Fig. 1. 

Plug-in collimators are quickly and easily changed and an example is shown 
in a cross-section of the detector in Fig. 2. Fine adjustment of collimation has been 
achieved using concentric rings of thin lead sheet and varying the number and 
position of the rings. The isosensitivity plot of two collimators is shown in Fig. 3. 
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TABLE I. RESULTS OF A PROBE RENOGRAM 
USING MINIATURE DETECTORS 

Left Right 

46.5 

2.70 

% 53.6 

MTT min. 2.51 

It would therefore be possible to have a series of collimators for different types of 
patient, perhaps for large adults, for small adults and some paediatric collimators. 

The output of the detector can be amplified by a conventional amplifier 
designed to follow a photomultiplier with a preamplifier. Four amplifiers with pulse 
height analysers and scalers have been built on two plug-in cards for a personal 
computer so a complete renography system, including data processing, consists of 
a computer and three or four detectors. 

3. PRELIMINARY EXPERIMENTS 

Three miniature detectors were connected to a set of nuclear instrumentation 
modules similar to those used by Amuasi et al. [3] except that the output of one detec-
tor was amplified using a non-reversing nuclear instrumentation module (NIM) 
amplifier and a separate amplifier unit was used for the other two. Power for one 
detector, 12 volt positive and negative, was obtained from the NIM power supplies. 
All three channels were taken to a special triple channel analyser built for the work 
in The Gambia and a printing scaler of the type used in The Gambia was used to 
record data. 

A renogram was recorded from a normal volunteer using 113Inm DTPA. One 
detector was attached to the subject's chest with additional support from the cable 
fastened over the shoulder. The other two detectors were placed over the kidneys 
using adhesive tape and a simple wide belt. Although the volunteer was co-operative 
it was difficult to keep the kidney detectors in place for 20 minutes without them slip-
ping so a more elaborate harness will be required for future use. Deconvolution 
analysis was used to obtain mean transit times for the two kidneys and the relative 
glomerular filtration rates (Table I). The background subtracted renogram is shown 
in Fig. 4. 

An estimate of the effective dose equivalent for 113Inm DTPA is 
0.014 mSv/MBq, with this figure increasing to 0.029 mSv/MBq in a case of 
unilateral obstruction. The corresponding figures for 131I hippuran are 
0.065 mSv/MBq and 1.5 mSv/MBq in a case of unilateral obstruction [5]. This 
reduction in radiation dose may be offset by the need to use higher activity in order 
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Fig. 4. A background subtracted renogram. 
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to compensate for the lower sensitivity of the miniature detector compared with the 
50 mm diameter Nal(Tl) detectors used for probe renography with 131I [3]. 

4. PROPOSED DESIGN 

Both the apparatus in The Gambia and the equipment based upon a personal 
computer may be too bulky and consume too much power for efficient use in remote 
areas. A single board computer with data storage on a cassette or perhaps an erasable 
programmable read only memory (EPROM) could be used to record data and even 
to do the deconvolution. 

The PSION Organiser П (PSION pic, London, United Kingdom) is a small 
computer measuring only 142 X 78 x 29 mm and weighing only 225'g: It has 
32 kbytes of random access memory (RAM) and up to 128 kbytes of EPROM in the 
form of two 64 kbyte plug-in cartridges. A programming language, OPL (Organiser 
programming language), with many commands similar to BASIC and FORTRAN is 
provided on a system ROM. A plug-in interface (RS-232) is provided for driving a 
printer or exchanging data with other devices. When analysing data it requires only 
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Fig. 5. The proposed block diagram. 

150 raA at 9 volts so it could easily be supplied from a rechargeable battery charged 
from solar power. 

The detector and its associated electronic circuits require only +12 volts and 
- 1 2 volts and the power consumption can be reduced at the cost of a lower count 
rate capability. Typical counts over the kidneys are less than 5000 per second so a 
reduced count rate response could be acceptable. 

A proposed overall design is given in block diagram form in Fig. 5. Twenty 
second counts acquired from the three detectors could be taken via the RS-232 inter-
face to the Organiser and entered as fixed point numbers. With less than 200 numbers 
per renogram there would be sufficient RAM to carry out a deconvolution and print 
the results on a small printer. Amuasi et al. [3] used a 32 kbyte Commodore PET 
to analyse the results from The Gambia. 

Results such as mean renal transit time could be stored in EPROM for transfer 
via RS-232 to a larger computer for statistical analysis. Data in the EPROM can be 
deleted using ultraviolet light and the EPROM cartridge used again. 

The main disadvantage of the PSION Organiser II is its keyboard, which is 
very small, with the keys arranged in alphabetical order rather than using a 
QWERTY layout. It costs between £100 and £200 for a system with a COMMS 
(RS-232) interface and UV EPROM eraser. Other small 'laptop' computers are 
available and have QWERTY keyboards but they are considerably larger. 

5. DISCUSSION 

Schistosomiasis remains a significant burden on a large number of people in 
the developing countries. Further studies of the epidemiology of the disease and of 
the efficacy of preventative measures are best carried out in rural areas where the 
disease is most prevalent. 

Feasibility studies using miniature detectors and 113Inm have shown that the 
proposed system could be used for field studies of renal function. With the develop-
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ment of 'laptop' and smaller computers the data analysis could also be carried out 
in the, field. The ability to carry the entire system in one hand and to operate from 
a battery driven from solar power would be a considerable advantage in field studies. 

ACKNOWLEDGEMENTS 

The authors wish to thank Miss U. Raval for skilled technical assistance. 

REFERENCES 

[1] SMITH, M.A., MERRICK, M.V., STORJOHANN, V.F., WONG A.J., Brit. J. 
Radiol. 54 (1981) 808-812. 

[2] WILKINS, H.A., AMUASI, J.H., CRAWLEY, J.C.W.,VEALL, N.. Trans. R. 
Soc.Trop. Med. Hyg. 79 (1985) 306-313. 

[3] AMUASI, J.H., CRAWLEY, J.C.W., CRONQUIST, A.G., VEALL, N., 
WILKINS, H.A., "A transportable renography apparatus for use in a study of renal 
pathology in schistosoma haematobium in rural communities in The Gambia", Nuclear 
Techniques in the Study of Parasitic Infections (Proc. Symp. Vienna, 1981), IAEA, 
Vienna (1982) 227-238. 

[4] AMUASI, J.H., WILKINS, H.A., CRAWLEY, J.C.W., VEALL, N., "Radionuclide 
renography in rural areas of The Gambia", Nuclear Medicine and Related Radionuclide 
Applications in Developing Countries (Proc. IAEA/WHO Symp. Vienna, 1985), 
IAEA, Vienna (1986) 423-431. 

[5] SMITH, T., Clinical Research Centre, personal communication. 

DISCUSSION 

Replying to an enquiry about the power consumption of the apparatus 
presented, Mr. Crawley indicated that the design was not yet finalized but that the 
consumption of the detector and its electronics would be about 125 mA, comparable 
to that of the Psion Organiser. The whole system might be operable from a recharge-
able battery charged from solar power. However, the system had still to be tested 
under field conditions. 

Referring to the renographic studies in The Gambia mentioned, a speaker 
asked how long the analyses of the data in the United Kingdom had taken, how the 
results had been related to those of other clinical diagnostic procedures available in 
the rural area and what contribution the results had made to medical decision making. 
Mr. Amuasi indicated that the complete data analyses had required about three 
months. A chart recorder output had been available for immediate assessment of each 
patient, but since hospital facilities were totally lacking in the rural area and very 
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limited even in the Gambian capital, usual medical procedures could not be followed. 
Mr. Crawley emphasized that the studies in question had been primarily epidemio-
logical and pharmacological. 

A final speaker questioned the use of whole kidney transit time as a diagnostic 
parameter in these studies, recalling Mr. Britton's estimation of its lower efficacy 
as compared with parenchymal transit time for the diagnosis of renal obstruction. 
Mr. Amuasi agreed that it was a disadvantage of probe renography that the whole 
kidney was seen by the probe. None the less, Mr. Britton had acknowledged the use-
fulness of the technique. The studies in question had revealed significant differences 
in mean transit time between subjects in areas of schistosomiasis endemicity and 
those in areas of non-endemicity. A combination of long mean transit time and low 
effective renal plasma flow was highly predictive of mortality. 
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Abstract 
VALUE OF QUANTITATIVE ANALYSIS OF RADIONUCLIDE DIURETIC RENO-
GRAM IN PREDICTING THE OUTCOME OF SURGERY IN CHRONIC 
SCHISTOSOMAL OBSTRUCTIVE UROPATHY. 

Selection of patients with chronic obstructive uropathy for surgery is a difficult problem 
because of uncertainties in identifying the presence of true mechanical obstruction in a grossly 
dilated urinary tract. In urinary schistosomiasis (bilharziasis) the pelvicalyceal system and 
ureter are usually bilaterally grossly dilated with or without obstruction. For this reason, a 
computational protocol for quantitative analysis of radionuclide diuretic renograms (RDRs) 
using 99Tcm DTPA was developed and used in order to evaluate noninvasively the outcome 
of surgery in these patients.The protocol consists of two programs which provide comprehen-
sive quantitative analysis of RDR. In addition to curves over kidneys, pelvis and parenchyma, 
the protocol provides: split renal flow, split renal uptake, split renal glomerular filtration rate, 
rate of uptake, rate of excretion, percentage retained activity in kidney or parenchyma at 
different intervals and transit time indices for kidney and parenchyma using deconvolution 
analysis. In this prospective study of 104 urinary systems affected by schistosomal obstructive 
uropathy (SOU) three distinctive obstructive renogram patterns (А, В, C) were recognized in 
65 urinary systems. All of these had surgery for relief of obstruction. These patterns 
correlated well with operative findings and with the post-operative improvement. Percentages 
of post-operative improvements were 39%, 69% and 0% for patterns А, В and С respectively. 
The authors conclude that the RDR pattern can be used to predict the outcome of surgery in 
patients with SOU. 
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1. INTRODUCTION 

Urinary schistosomiasis (bilharziasis) affects more than 200 million people all 
over the world. The disease is endemic in many Middle Eastern and Central African 
countries [1]. Pelvicalyceal and ureteric dilatation with or without obstruction is a 
frequent complication of urinary schistosomiasis. The cause of dilatation is thought 
to be due to disorganized ureteric peristalsis [2, 3]. The dilated ureters may however 
become obstructed by a stone, stricture or bilharzial papilloma [2, 3]. 

It is difficult to identify obstruction in these dilated ureters. Contrast X-ray 
studies provide anatomical information. The more invasive 'Whitaker' test [4] is 
difficult to perform and is usually restricted to equivocal studies on X-rays and radio-
nuclide renograms [4]. The 9 9Tcm DTPA radionuclide diuretic renogram (RDR) 
provides morphological as well as functional information about the state of the 
urinary system. In this study such an RDR protocol was developed and used to 
provide quantitative analysis of various renal parameters. It has been found useful 
in differentiating various obstructive patterns, in the evaluation of surgery of these 
patients, and in predicting the outcome of various operations. 

2. MATERIALS AND METHODS 

One hundred and four urinary systems from patients with schistosomal 
obstructive uropathy (SOU) were included in this prospective study; 65 of these 
patients had various operations. All had an intravenous pyelogram (IVP) but only 
Í2 had a urodynamic flow and pressure study (the Whitaker test). All patients had 
pre- and post-operative RDRs 1 - 3 weeks prior to and 1 -4 months after the operation. 

2.1. Technique of " T c m DTPA RDR 

The hydrated patient is positioned sitting with his back resting on the face of 
a large field gamma camera (GE 500A) fitted with a low energy all purpose (LEAP) 
collimator and interfaced to a dedicated minicomputer (GE Star). A bolus injection 
of 7 -10 mCi (260-370 Mbq) 9 9Tcm DTPA is given through an IV cannula and is 
flushed with saline. The dose in the syringe is measured before and after injection 
for glomerular filtration rate (GFR) calculation according to the Gates' protocol. 
Acquisition consists of two dynamic phases: (a) a perfusion phase of 1 s/frame for 
1 min; (b) a renogram phase of 20 s/frame for 29 min. Lasix is given around 
15-18 min. Post-void images are taken at the end of the study. 

A locally developed RDR processing protocol [5] is used to obtain the 
following: 

(1) Sequential renal images used to study morphological changes. 
(2) Time/activity curves(TACs) over kidneys, parenchyma and pelvis separately. 

All are smoothed and background subtracted. 
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(3) TACs over aorta and kidneys to quantify split renal flow. 
(4) Quantitative analysis of RDR 

(a) perfusion index 
(b) percentage split renal flow 
(c) percentage split renal uptake 
(d) GFR in mL/min (Gates' method) 
(e) rates of uptake and excretion 
(f) percentage activity retained in kidneys or parenchyma at various times 
(g) transit time indices for whole kidneys and parenchyma in seconds using 

deconvolution analysis [6]. 

2.2. Interpretation of RDR 

The observer looks first at sequential renal images and reports morphological 
changes and site and extent of retention of tracer before and after Lasix injection in 
the dilated urinary system. Then the observer assesses the TACs and records the 
functional patterns [7]. The three obstructive patterns recognized are: 

Pattern A: rising curve, no peak, partial response to Lasix. 
Pattern B: rising curve, no peak, no response to Lasix. 
Pattern C: plateau curve, no peak, no response to Lasix. 

Finally the quantitative data obtained from the program are considered. 
Post-operative improvement is recorded from the following information: 

(1) A change in amount of retention and effect of lasix on the renal images 
(2) Change in TACs from one pattern to another 
(3) An increase in split renal uptake or GFR 
(4) Improvement in the transit time indices. 

In Fig. 1 an example is shown of a patient with SOU who exhibited marked 
improvement after surgery. 

3. RESULTS 

The correlation of RDR patterns with the results of surgery and patients' 
follow up is shown in Table I. 

Pattern В showed marked improvement irrespective of the operation 
performed. Pattern A showed some improvement, while Pattern С did not show any 
improvement at all. It is clear that reimplantation of the ureter gave the best results 
in these patients. Visual interpretation of RDR alone is not sufficient to record 
improvement because in many patients the pre- and post-operative images looked 
similar while TACs showed improvement. Similarly, split renal uptake and GFR are 
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A. Pre operative RDR showing renal images before and 
after lasix: note TAC Pattern В on both sides and 
tortuous ureter. 

B. Post operative RDR (bilateral ureteric reimplantation) 
showing marked improvement on renal images and 
TAC on the right and left with change from Pattern В 
to normal response to lasix. 

FIG. 1. Patient with chronic schistosomal obstructive uropathy due to bilateral stricture of lower end of ureter who had reimplantation of lower 
end to the bladder. 
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TABLE I. NUMBER OF URINARY SYSTEMS IMPROVED/NUMBER OF 
URINARY SYSTEMS OPERATED ON USING VARIOUS SURGICAL 
PROCEDURES USED TO RELIEVE OBSTRUCTION IN RDR PATTERNS 
А, В AND С 

Operation A В С Total 

1. Ureteric reimplant 3/7 14/18 0/3 17/28 

2. Lithotomy 6/12 4/6 0/2 10/20 

3. Catheter dilatation 0/2 1/3 0/1 1/6 

4. Balloon dilatation 0/2 4/4 4/6 

5. Pyeloplasty 1/2 1/2 

6. Ileal conduit 1/3 1/3 

Total 9/23 25/36 0/6 34/65 

(% improvement) 39% 69% 0 

not useful in this respect because they are calculated from the early part of the TACs, 
while improvement usually occurs in the excretion part, which is evaluated in the 
second half of the study. Transit time indices are currently under evaluation. There 
was good correlation between the findings of RDR and the Whitaker test in the 12 
urinary systems which were subjected to both (r = 0.90). This result proves that 
RDR is a reliable technique for diagnosing obstructive uropathy. 

4. DISCUSSION 

The radionuclide diuretic renogram using 9 9Tcm DTPA provides good func-
tional as well as reasonable morphological information about the kidneys and ureters. 
The three obstructive patterns on RDR TACs described in this study have been found 
useful in evaluating and predicting the outcome of surgery. 

Patients with Pattern В have the greatest chance to recover after surgery 
(Table I). One third of these patients did not recover in spite of repeated surgery 
because they had more than one pathology such as stone or multiple levels of 
strictures. 

Patients with Pattern A have less chance to show improvement in the RDR than 
those with Pattern B. There is more than one reason which explains this. First, their 
pelvicalyceal system is grossly dilated because of underlying bilharzial pathology. 
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Secondly, that the format of this pattern of partial Lasix response seen on the RDR 
curves does not give a definite answer as to whether they hâve a true urinary obstruc-
tion or only dilatation with no obstruction. 

Patients with Pattern С have no chance of improvement because their kidney 
is suffering from nephrotic and terminal stages of the disease and are almost in pre-
renal failure. 

5. CONCLUSION 

The functional RDR patterns using 9 9Tcm DTPA diuretic renograms are 
useful for the selection of patients with SOU for surgical treatment, in predicting the 
outcome of surgery, and in post-operative evaluation of surgery in patients with 
SOU. 
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DISCUSSION 

Asked what corrections for left and right kidney depth had been made in the 
analysis of data in the work presented, Mr. Abdel-Dayem indicated that the data had 
been corrected by Schlegel's formulas1 , taking into account body height and 
weight: 

Left kidney: y = 13.2x + 0.7 

Right kidney: y = 13.3x + 0.7 

where x = body weight (kg)/body height (cm), y = kidney depth (cm). 
A speaker commented that it might have been fruitful to evaluate the results 

in terms of a quantitative parameter such as diuretic index, rather than just by visual 
recognition of renogram pattern. Mr. Abdel-Dayem stated that the results were cur-
rently being re-evaluated in terms of transit time, excretion index and response to 
frusemide (Lasix). 

Referring to the use of frusemide, a speaker enquired what had been the dose 
used in the work presented and what was the optimum time after its administration 
to observe the diuretic response. He also enquired as to the age of the patients 
studied, citing his own experience with paediatric patients, in which significant 
retention of tracer had often been observed even at 24 h. This posed a problem in 
the interpretation of diuretic renograms. Mr. Abdel-Dayem stated that the dose of 
frusemide had been 10-20 mg. It was difficult to specify the optimum time relation-
ships for observation of the diuretic reponse as these varied from patient to patient. 
The ages of the patients studied , had ranged from 25 to 45. 

Mr. Britton pointed out that a long delay in imaging after frusemide injection 
was inconvenient, stating that he was not convinced that it was necessary to wait 
more than 10 min in adult subjects. Delayed images might help, however, in deciding 
whether kidney damage was reversible or irreversible. In the context of a very 
reduced uptake function with outflow obstruction, blood pool radioactivity would 
remain high and uptake of tracer from this pool could continue for many hours. The 
same situation could lead to improved contrast in intravenous urography at 8 h and 
24 h. A reduced uptake function might be in part irreversible, due to nephron loss, 
and in part reversible, due to the physiological response to outflow obstruction. It 
was not possible in a given case to estimate the relative contributions of these effects. 
Hence, if continuing uptake were demonstrated, it was preferable to take an optimis-
tic view, especially in children, and operate to relieve the obstruction. 

1 SCHLEGEL, J.U., "Radionuclides in urology", Handbuch der Urologie, Band V, 
Suppl. 1 (ANDERSEN, L., Ed.), Springer-Verlag, Berlin (West) (1977) 1. 
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Questioned about the use of Gates' protocol in the work described, 
Mr. Abdel-Dayem stated that this had given reproducible results in longitudinal 
follow-up of patients. When variations had been observed, these could be attributed 
to clinical causes. 
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Abstract 

EVALUATION OF RENAL ALLOGRAFT FUNCTION BY 99Tcm DTPA AND 
wTcm SULPHUR COLLOID SCANS. 

Fifty-two live related donor renal transplant recipients underwent radionuclide studies 
to evaluate renal allograft function and detect rejection. These included 51 recipients who 
underwent wTcm DTPA renography on 91 occasions and 46 patients on whom 99Tcm sulphur 
colloid scans were performed on 75 occasions. Computer processed time/activity curves for 
99Tcm DTPA and computer generated ratios of transplant activity to iliac bone marrow 
activity were obtained in the wTcm sulphur sollid studies. Renal biopsies were done on 37 
occasions in the 99Tcm DTPA group and on 36 occasions in the 99Tcm SC group. "Tcm 

DTPA renography gave 34 true positive, 54 true negative, 1 false negative and 2 false positive 
results. Thus the sensitivity, specificity and accuracy of this technique were 97.1%, 96.4% 
and 96.7% respectively. 99Tcm SC scanning gave 39 true positive, 31 true negative, 3 false 
negative and 2 false positive results. Thus the sensitivity, specificity and accuracy of this tech-
nique were 92.8%, 93.9%' and 93.3% respectively. Chronic rejection showed a greater 
accumulation of 99Tcm SC than acute rejection. The computer generated ratios of kidney to 
iliac marrow in 99Tcm SC scans on 43 occasions showed sensitivity, specificity and accuracy 
of 96.7%, 84.6% and 93% respectively. "Tcm SC scans helped to differentiate between 
cyclosporin nephrotoxicity and rejection. Thus both 99Tcm DTPA and 99Tcm SC scans were 
found useful in the diagnosis of renal allograft rejection. 

1. INTRODUCTION 

Renal transplantation is an accepted therapeutic procedure for patients with end 
stage renal disease. The most important causes of renal transplant dysfunction are 
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acute tubular necrosis and transplant rejection. Recognition of these two causes 
remains a diagnostic challenge especially when acute tubular necrosis is superim-
posed on rejection. While arteriography and renal biopsy are excellent tools to estab-
lish diagnosis of rejection, they cannot be applied for serial examinations, which are 
essential in the management of renal transplant patients in the first few post-operative 
days and during rejection phases. The traumatic nature of these tests and the techni-
cal complexities limit their usage. Hence the need for a noninvasive and technically 
uncomplicated procedure that yields quick results with acceptable sensitivity and 
specificity. Radionuclide techniques provide such information with a high degree of 
accuracy. 

The aims of the present study were twofold. First, to evaluate the role of 
9 9 Tc m DTPA in assessing the function of a transplant kidney with special reference 
to transplant rejection. Secondly, to assess the specificity of 9 9Tcm sulphur colloid 
( 9 9 Tc m SC) scans in the diagnosis of transplant rejection. 

2. MATERIALS AND METHODS 

Fifty-two live related donor renal allograft recipients underwent renal radio-
nuclide procedures between March 1985 and September 1987. All these patients 
were selected for renal transplant on the basis of ABO group match, HLA typing and 
negative lymphocyte cross-match. The scans were performed routinely in the post-
operative phase and whenever there was a suspicion of allograft rejection. The mean 
age of these patients was 28.5 + 8.7 years (range 12-49). There were 46 males and 
6 females. 

Rejection was diagnosed by clinical parameters of fever, oliguria, hyper-
tension, graft tenderness, oedema and weight gain. Biochemical parameters included 
a rise in blood urea nitrogen (BUN) or serum creatinine by 25% above baseline, and 
a fall in urinary sodium excretion. Other parameters were leucocytosis, haematuria 
ànd proteinuria. Renal biopsies were done whenever indicated. Correlative histology 
was available for 37 9 9Tcm DTPA scans and 36 9 9Tcm SC scans. Other causes of 
deterioration in graft function were excluded by ultrasonography, renal angiography 
or percutaneous renal biopsies. 

3. RADIONUCLIDE TECHNIQUES 

3.1. " Т с ™ DTPA study 

All studies were done with an Anger type scintillation gamma camera (Picker, 
Dyna IV/15) fitted with a low energy parallel hole collimator and coupled to a 
PDP-11 computer system. The supine patient was imaged with a gamma camera 
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FIG. 1. 99Tcm SC images of transplant kidney. The first image is of a normal patient show-
ing very minimal uptake, which is less than iliac marrow with ratio <0.8. The second image 
is of borderline group where the uptake is slightly more than iliac marrow with ratio of 1.1. 
The third image is of a patient with acute rejection where the uptake is significantly more than 
iliac marrow with ratio >3. 

placed anteriorly and positioned over the area of the renal transplant and the bladder. 
A 185 MBq dose of 9 9Tcm DTPA was injected through a peripheral vein as an IV 
bolus. The first dynamic renal perfusion images were recorded as two-second 
sequential images of the graft for the first 32 seconds. Subsequently, static images 
were obtained at three-minute intervals for 30 minutes (Fig. 1). Wherever necessary 
diuretic was administered and study continued for ten minutes. The stored data 
was processed by a computer in order to obtain the true time/activity curves (reno-
gram) after appropriate background subtraction. From this curve, the peak time and 
excretion time were calculated. A peak time of 3 minutes and excretion time of 15 
to 18 minutes were considered as normal. 

3.2. 99Tcm SC 

75 scans were obtained in 46 patients. Studies were performed in the supine 
position with an Anger type scintillation camera placed anteriorly. An IV bolus of 



152 KRISHNA et al. 

FIG. 2. "Tcm DTPA sequential renal scintigraphy of a normal patient showing normal 
uptake and normal excretion time. 
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FIG. 3. The transplant kidney, showing more uptake of Tc sulphur colloid than iliac marrow, 
suggesting rejection phenomenon. 

310 MBq of 9 9Tcm SC was administered and sequential images of the transplanted 
kidney were obtained at two-second intervals for 30 seconds to evaluate renal perfu-
sion. Static scans were obtained at 20 minutes (Fig. 2). In total, 30 000 counts were 
accumulated for static images. Data was stored in the computer for obtaining the 
ratio of the transplanted kidney and the iliac marrow. This was done by flagging 
areas over the iliac marrow and the transplanted kidney. Counts per pixel over these 
regions of interest were obtained from the computer and then the ratio was calcu-
lated. A ratio of more than 1.2 was taken as definitive evidence of rejection, while 
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a ratio < 0 . 8 was indicative of normal kidney function. Ratios between 0.8 and 1.2 
were considered as borderline, necessitating close observation. The kidneys that 
showed no accumulation or accumulation less than iliac bone marrow were consi-
dered to be normal, while accumulation equal to or greater than marrow was consi-
dered positive or rejection (Fig. 3). 

4. STATISTICAL EVALUATION 

The sensitivity (S), specificity (Sp) and accuracy (AC) were calculated as 
follows: 

TP TN TP + TN 
S = Sp = AC = 

TP + FN, TN + FP TP + TN + FN + FP 

where TP = true positive, TN = true negative, FN = false negative, FP = false 
positive. 

5. RESULTS 

5.1. " T c m DTPA 

91 renograms were obtained in 51 patients. Correlative histology was available 
on 37 occasions. 

Table I summarizes the findings of 9 9Tcm DTPA renography in our patients. 
Acute rejection was diagnosed on 23 occasions, by histologic criteria in 17 patients 
and by biochemical and clinical parameters in the remaining 6 patients. The reno-
gram was suggestive of rejection in 22 patients while a normal renogram was 
obtained in one patient with biopsy proven rejection. Chronic rejection was diag-
nosed on eight occasions (all biopsy proven) and renograms were positive in áll 
eight. There were four patients with glomerulonephritis. Out of these the three 
patients with positive renograms had transplant glomerulopathy and one patient with 
a negative renogram had recurrent glomerulonephritis due to focal segmental 
glomerular sclerosis (FSGS). Of the three patients with histologic diagnosis of 
Cyclosporin (CyA) nephrotoxicity the renogram showed delayed excretion in one 
patient while it was normal in two patients. 

From the final results (Table II), the sensitivity, specificity and accuracy of the 
overall group were 97.1 %, 96.4% and 96.7% respectively. In correlation with renal 
histology the sensitivity, specificity and accuracy were found to be 96.4%, 88.9% 
and 94.6% respectively. 
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TABLE I. " T c m DTPA RENOGRAPHY AND FINAL DIAGNOSIS 
Figures in parenthesis denote the number of biopsies (Bx) done 

Final diagnosis 
Positive Negative 

Total Final diagnosis renogram renogram 

Normal function 2a 49 (3) 51 (3) 

Acute rejection 22 (16) 1 (1) 23 (17) 

Chronic rejection 8 (8) 0 8 (8) 

Glomerulonephritis 3b (3) 1 (1) 4(4) 

Acute tubular necrosis 0 0 0 

CyA nephrotoxicity 1 (1) 2 (2) 3 (3) 

Cortical infarction 0 2 (2) 2 (2) 

Sepsis 0 0 0 

Total 36 (28) 55 (9) 91 (37) 

a One patient developed chronic rejection subsequently. 
b All three patients had transplant glomerulopathy. 

TABLE II. RESULT OF 9 9Tcm DTPA RENOGRAPHY 

TP TN . FN FP Total 

All patients 34 54 1 2 91 

In correlation with Bx 27 8 1 1 37 

5.2. " Т с " 1 SC 

75 scans were available in 46 patients. Correlative histology was available on 
36 occasions. 

As shown in Table III, acute rejection was diagnosed on 24 occasions, by 
histologic criteria in 17 patients and by biochemical and clinical parameters in the 
rest. Positive scans were obtained in 22 patients and negative scans in two patients. 
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TABLE III. RENAL TRANSPLANT ACCUMULATION OF 9 9 Tc m SC AND 
FINAL DIAGNOSIS 
Figures in parenthesis denote number of biopsies done 

Final diagnosis Positive scan Negative scan Total 

Normal function 6a (2) 27 (2) 33 (4) 

Acute rejection 22 (16) 2 (1) 24 (17) 

Chronic rejection 10 (8) 1 (1) 11 (9) 
Glomerulonephritis 3b(3) 0 • 3 (3) 

Acute tubular necrosis 0 0 0 

CyA nephrotoxicity 0 2 (2) 2 (2) 

Cortical infarction 0 1 (1) 1 (D 

Sepsis 0 1 1 

Total 41 (29) 34 (7) 75 (36) 

a Two scans in the same patient remained persistently positive for 6 months though there was 
no clinical evidence. The patient subsequently developed chronic rejection. Two other patients 
had been treated for acute rejection previously. There were only two unexplained positive 
scans with negative histology. 
b All three patients had transplant glomerulopathy. 

TABLE IV. RESULTS OF 9 9Tcm SC SCINTIGRAPHY 

TP TN FN FP Total 

All patients 39 31 3 2 75 

In correlation with Bx 27 5 2 2 36 
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Chronic rejection was diagnosed on 11 occasions, with positive scans obtained on 
10 occasions. All three patients with glomerulonephritis had transplant glomerulo-
pathy and positive scans. As seen in Table III, patients with CyA nephrotoxicity, 
cortical infarction and sepsis had no accumulation of 9 9Tcm SC. 

From the final results (Table IV), the sensitivity, specificity and accuracy were 
92.8%, 93.9% and 93.3% respectively. In correlation with renal histology the 
accuracy was 93.1%. The specificity is 71.4% and this is due to the fact that 
normally functioning grafts were not subjected to renal biopsy as it is hazardous to 
do a biopsy on a normal patient. Hence, taking all the non-biopsied normal patients, 
specificity is 93.9%, which is also clinically acceptable. 

Graded ratios were available on 43 occasions in 32 patients. The ratio was 
< 0 . 8 on 3 occasions; 0 .8-1 .2 on 9 occasions and > 1.2 on 31 occasions. When only 
scans with ratios were taken into account there were 29 true positive scans, 11 true 
negative scans, one false negative scan and two false positive scans. Thus the sensi-
tivity, specificity and accuracy in these cases were 96.7%, 84.6% and 93% 
respectively. 

6. DISCUSSION 

Early detection of transplant rejection and other complications is of prime 
importance in the post-transplant period and this necessitates close clinical assess-
ment and monitoring of renal function. In suspected cases, renal biopsy and arterio-
graphy provide the needed information. But their invasive nature makes them 
impracticable for day-to-day management. 

The various clinical parameters used for assessing rejection are oliguria and 
proteinuria, graft tenderness, increasing blood pressure, and increasing serum 
creatinine levels ( > 2 5 % of baseline). Since these parameters are also seen in 
other complications following transplant, it is essential to have a noninvasive test to 
detect rejection with a high degree of accuracy. Radionuclide techniques — 
9 9Tcm DTPA/ 123I hippuran renograms coupled with 9 9Tcm SC scans — have 
achieved acceptable accuracy in the above context. 

6.1. 9 9 T c m D T P A 

9 9Tcm DTPA has been successfully used to evaluate allograft function even 
though it differs from hippuran in being excreted by glomerular filtration. Hilson et 
al. [1] enhanced the specificity of the 9 9Tcm DTPA study by calculating quantitative 
indices, e.g. perfusion index and uptake index in allograft. 

The present study employed computer generated time/activity curves to obtain 
peak time and excretion time in the allograft. The various abnormalities noted were 
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decreased perfusion (10 patients), delayed peak time (12 patients) and delayed excre-
tion phase (21 patients). The most commonly found abnormality was delayed excre-
tion time (Fig. 4). In most of these patients, the delay was more than 30 minutes 
(normal values being 15-18 minutes). The sequential renal scinti-images in these 
patients showed mild to moderate dilatation of the pelvicalyceal system in only three 
patients, which cleared with diuretics, suggesting no definite obstruction (Fig. 5). 
However, when 9 9Tcm DTPA renogram is employed alone, the specificity for diag-
nosis of rejection falls as a delayed excretion phase is observed with obstructive 
uropathy, acute tubular necrosis (ATN) and Cyclosporin toxicity. In such situations, 
the absence of a dilated pelvicalyceal system on sequential renal scinti iímages and 
serial renogram over a period of time would help in differentiating rejection from 
obstructive uropathy and ATN [2, 3]. Our study shows that the study is also useful 
in transplant glomerulopathy, which is an expression of chronic rejection. It appears 
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F/G. 5. "Tcm SC images of a patient with acute rejection showing significant accumulation 
of radiopharmaceutical in transplant kidney. The kidney to iliac marrow ratio was 3.3. 

that it is possible to differentiate recurrent glomerulonephritis from glomerulonephri-
tis due to the'rejection process [4]. In our study, there was no case of acute tubular 
necrosis, most probably due to the live related donor transplant. However, Jorgenson 
et al. [5] have shown that serial renograms would differentiate ATN from rejection. 
Thus with a sensitivity, specificity and accuracy of 97.1%, 96.4% and 96.7% for 
transplant rejection, 9 9Tcm DTPA has a vital role to play in renal transplant 
patients. 
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6.2. " T c m S C 

Following IV injection, 9 9Tcm SC is rapidly cleared by the reticulo-
endothelial system (RES). Its tissue distribution is dependent upon its particle size 
and blood flow and phagocytic activity of various body organs. Normally the 
Kupffer cells of the liver take up 80-90% of the radiocolloid. The remainder is 
usually seen within the RES of the spleen and the bone marrow [6]. Less than 2% 
of the radiocolloid is excreted through the kidneys. Scintigraphic visualization of the 
kidneys with 9 9 Tc m SC is considered abnormal and has been reported in cases of 
congestive cardiac failure [7] and in transplanted kidneys during rejection [8-13]. It 
has also been reported in a few cases of acute tubular necrosis and sepsis [10]. 

The mechanism of 9 9Tc r a SC deposition in rejecting renal transplants has been 
postulated to reflect damage to the basement membrane with entrapment of the 
radiocolloid within the subsequently formed fibrin clots [12]. Such a mechanism 
may explain the absence of uptake in patients receiving heparin [8]. The mechanism 
for localization within septic kidneys is unknown but has been observed by several 
investigators [10, 13]. In chronic rejection colloidal material may adhere to the 
endothelium of the altered intima, or may be included in the focal fibrin thrombosis, 
or may occlude vessels at points of marked capillary narrowing or thrombosis, thus 
giving rise to marked accumulation of 9 9Tcm SC. Focal thrombosis and vasculitis 
may explain the radiocolloid accumulation during acute rejection. The 9 9Tcm SC 
uptake is less than during chronic rejection due to the primary involvement of the 
media rather than the vascular intima [11]. Marked interstitial oedema and infiltrate 
characteristic of acute rejection, which are minimal in chronic rejection, cause addi-
tional vascular compromise and thus lead to less radiocolloid accumulation during 
acute as compared to chronic rejection [12]. 

Previous studies using 9 9 Tc m SC have reported conflicting results. While 
George [11, 12] and Kim [13] and their associates found it to be a useful clinical 
test, Frick et al. reported a 30% false positive rate associated with either sepsis or 
acute tubular necrosis [10]. However, each of these studies differed in methodology 
and interpretation of the scan. In some studies minimal accumulation of the radiocol-
loid in the transplant was considered positive for rejection, even though the activity 
was less than that of the pelvic bone marrow. Computer generated ratios were used 
in only one study [13]. Correlative histology was available in very few patients. The 
reported sensitivity and specificity of the technique is 96% [9]. Using computer 
generated ratios and correlating the scan findings with renal histology, we have been 
able to obtain a specificity of 93.9%, which is significantly high and aceptable in the 
given clinical context. 

As was seen by Solaric-George et al. [11], the scan was strongly positive in 
13/14 cases of chronic rejection. Ratios > 2 . 0 were obtained in these patients and 
the scans remained persistently positive with increasing ratios on follow-up. As 
opposed to this, some patients who were treated for acute rejection demonstrated 
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persistence of radiocolloid accumulation on follow-up; however there was a progres-
sive fall in the ratios till they became negative. Scan positivity may predate biochemi-
cal evidence of chronic rejection as was seen in one case (Table III). 

7. CONCLUSION 

A 9 9Tcm DTPA radionuclide scan is a reliable and highly accurate method in 
assessing function of renal allograft. It has a useful role in assessing the perfusion 
of the transplant kidney, diagnosis of ATN, exclusion of obstructive uropathy, 
demonstrating urinary leaks and detecting the rejection process in the transplant 
kidney in its early phases. The serial scan helps in assessing the therapeutic response 
in patients with ATN and rejection. 

9 9Tcm SC scan has high accuracy in the detection of transplant rejection. The 
scan also appeared to have a predictive value in transplant rejection by detecting the 
rejection process much before the conventional parameters become abnormal. In 
view of this, it is worthwhile performing a 9 9Tcm SC scan first whenever rejection 
is suspected. A negative scan rules out the possibility of rejection with 93.3% 
accuracy. 
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DISCUSSION 

Asked by a speaker to enlarge on the reported findings with 9 9Tcm SC in 
transplant patients subject to the nephrotoxic effects of Cyclosporin as opposed to 
patients with rejection and to indicate whether these findings applied equally to live-
donor and cadaveric transplants, Mr. Krishna reiterated that transplants with dys-
function due to the nephrotoxic effects of Cyclosporin did not demonstrate uptake of 
9 9Tcm SC whereas transplants with dysfunction due to rejection did so. The reason 
for this was difficult to establish. It might be that Cyclosporin A did not induce sig-
nificant vascular changes in the endothelium, whereas the rejection process, being 
immunological in nature, induced such changes, leading to 9 9Tcm SC accumulation. 
He emphasized that this was pure hypothesis and that further studies, particularly 
histological ones, on the nephrotoxic effects of Cyclosporin were needed before con-
clusions could be reached. He and his group had no experience with cadaveric trans-
plants, but if his hypothesis were correct it might apply equally to such transplants. 

A speaker reported on similar studies carried out with 99Tcm(tin) colloid by 
him and his co-workers1 . These had shown a sensitivity of 70% and a specificity of 
85% in the diagnosis of renal transplant rejection. He believed that the dose of 
9 9 Tc m SC administered for such purposes could be reduced to 3 -5 mCi 
(120-180 MBq). He did not consider the ratio of kidney to iliac crest activity a very 
useful diagnostic index in this context, preferring either the ratio of the uptake of 
the transplant kidney at 15-20 min to that at 0 - 5 min, or its absolute uptake at 
15-20 min. It was indeed difficult to identify the nephrotoxic effets of Cyclosporin. 
He did not believe that this was possible simply from studies with 9 9Tcm SC. 

A speaker asked whether the patients who had shown 9 9Tcm SC uptake in the 
absence of biochemical or clinical evidence of rejection had been followed up. 
Mr. Krishna stated that three such patients had undergone repeated 9 9Tcm SC imag-
ing. One had shown signs of rejection 3 months later, the other two within 
4 - 6 weeks. These findings raised the possibility of using 9 9Tcm SC imaging as a 
predictive test of rejection before clinical signs appeared. 

1 SUNDRAM, F.X., EDMONDSON, R.P.S., ANG, E.S., GOH, A.S.W., 
ТОН, H.J., 99Tcm (tin) colloid scans in the evaluation of renal transplant rejection, Nucl. 
Med. Commun. 7 (1986) 897. 
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Abstract 
"Tcm MAG3 (MERCAPTO ACETYL TRIGLYCINE): A RENAL PHARMACEUTICAL 
FOR ROUTINE USE. 

Quantitative evaluation studies of the tubularly secreted compound "Tcm MAG3 have 
been carried out in three phases. In phase one, simultaneous clearance measurements in 
12 patients using both wTcm MAG3 and 131I OIH showed that the renal extraction effi-
ciency, EF, for MAG3 was 61 % of the EF obtainable with OIH. In phase two, from dynamic 
studies in 16 patients, the renal handling of wTcm MAG3 showed excellent correlation with 
123I OIH as measured quantitatively by relative uptake function U%, and regional transit 
time indices PTTI and WKTTI, r= 0.97, 0.81 and 0.92 respectively. In phase three, quantita-
tive comparison of U%, PTTI and WKTTI were made in 13 patients who had also undergone 
a "Tcm DTPA study and resulted in r values of 0.97, 0.87, and 0.97 respectively. The 
response to frusemide has been quantitated in terms of the output efficiency parameter 
OUTF%. Comparison of OUTF% with PTTI in 25 patients studied with 99Tcm MAG3 
showed a good linear correlation with r = 0.99, and the regression parameters were similar 
to those obtained from an independent study on 44 patients using 99Tcm DTPA, r = 0.97. 
These quantitative evaluations provide evidence of the suitability of the 99Tcm MAG3 
compound for routine renal dynamic studies. 

1. INTRODUCTION 

The introduction of the N 3 -S ligand mercapto acetyl triglycine (MAG3) 
labelled with 9 9Tcm combines the advantages of a 9 9Tcm label ensuring ready avail-
ability with that of a tubularly secreted compound giving a high target to background 
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ratio and thus goöd image quality and high count rates for quantitative data 
analysis [1]. 

We have carried out evaluation studies of 9 9 Tc m MAG3 in three phases. The 
first phase studied the simultaneous clearance of 9 9Tcm MAG3 and 131I OIH using 
the single injection technique, whilst the second phase compared the renal handling 
of 9 9Tcm MAG3 and 123I OIH in serial studies in the same patient [2]. The third 
phase involves a clinical and quantitative evaluation of 9 9Tcm MAG3. To date over 
200 patients presenting for routine radionuclide studies have been studied [3]. 

The purpose of this paper is first to summarize the results of the first two 
phases of our study, and secondly to present data on the quantitative analysis of the 
9 9 Tc m MAG3 dynamic study in terms of relative uptake function, transit times and 
the evaluation of the diuretic response induced by frusemide. Detailed quantitative 
comparisons with a 9 9Tcm DTPA dynamic study in the same patient have been 
made in a subgroup of patients presenting for the phase three study. 

2. MATERIALS AND METHODS 

2.1. Patient selection 

Patients were selected from those referred for routine renal investigations 
through their willingness to undergo the study. The use of 9 9Tcm MAG3 for routine 
studies was approved by the City and Hackney District Ethical Committee and each 
procedure was thoroughly explained to the patient. 

2.2. Radiopharmaceutical preparation 

2.2.1. Preparation of ™Tcm MAG3 

2.2.1.1. Manufacturer's method 

MAG3 was supplied commercially by Mallinckrodt Diagnostica, Netherlands, 
as a freeze-dried white powder in multidose sealed glass vials (Code MP600). 

A lead shielded water bath was prepared and brought to the boil. Up to 
925 MBq of 9 9 Tc r a 0 4 in a volume of one mL was drawn from a standard elution 
obtained from an Ultratechnekow FM generator. Under aseptic conditions the 
required activity in a volume of 4 mL was added to the vial containing the MAG3, 
the necessary dilution of the pertechnetate stock solution having been carried out 
using physiological saline. The vial was then placed in the boiling water bath for a 
period of exactly ten minutes, after which it was removed and cooled by immersion 
in cold water. The boiling step is necessary in order to free a protective benzoyl 
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group from the MAG3. Chromatographic quality control showed that the rate of 
breakdown of labelled MAG3 at room temperature was 0.087% per minute. 

This method was used both for phase one (using up to 185 MBq per vial) and 
for phase two studies (using up to 370 MBq per vial). In all cases the prepared doses 
were administered within one hour of preparation, thus ensuring a radiochemical 
purity of greater than 95%. 

2.2.1.2. Preconstituted method 

Following reconstitution of MAG3 with 925 MBq of " T c m 0 4 eluate in 4 mL 
of saline as instructed by the manufacturer, 1 mL aliquots were placed in 11 mL 
evacuated vials. These aliquots were then stored at a temperature of around 10°C 
and subsequently boiled as and when required. 

This method has been used in the majority of patients from phase three whose 
results are presented in this paper. 

2.2.1.3. Cold MAG3 

The labelled product was first prepared using the manufacturer's method, 
including the boiling step. Individual doses were drawn up into syringes and capped 
with a blind hub. These doses were then frozen at 0°C and stored until required. 
Prior to injection, an individual syringe was placed under a heat lamp for a few 
minutes to defrost and the blind hub replaced by a needle. Chromatographic studies 
have shown that the freezing stage reduces the rate of breakdown of 9 9Tcm MAG3 
to less than 0.0064% per minute. A radiochemical purity of greater then 95% can 
therefore be achieved up to at lèast eight hours after preparation. This method 
obviates the need for multiple boiling procedures throughout the working day [4]. 

This method is now being used as the method of choice for the phase three 
study. 

2.2.2. Preparation of 1311 OIH 

The 131I OIH which was of the quality specified for the measurement of effec-
tive renal plasma flow (ERPF)- was obtained commercially from Amersham 
International. 

2.2.3. Preparation of 1231 OIH 

The 123I OIH used was obtained commercially from either Harwell UK or 
Mallinckrodt Diagnostica. The 123I was manufactured by the (p, 5n) reaction utiliz-
ing a high energy cyclotron so that no 124I contamination and less than 0.05% 125I 
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contamination was present. The final preparation of 123I OIH had a radiochemical 
purity of greater than 95%,, less than 2% free 123I, and less than 3% iodobenzoate. 

2.2.4. Preparation of"Tcm DTPA 

The 9 9Tcm DTPA was prepared according to the manufacturer's instructions 
(Mallinckrodt Diagnostica). The mean radiochemical purity of 9 9Tcm DTPA used in 
this study was found to be 98%. 

2.3. Procedure , 

2.3.1. Clearance measurements 

For the phase one studies, data for the simultaneous measurement of clearance 
of both MAG3 and OIH were obtained from serial blood sampling following 
intravenous injection of the prepared dose, which contained approximately 18.5 
MBq of 9 9Tcm MAG3 and 1.85 MBq of 131I OIH. 

The patient was positioned supine on a comfortable couch and an intravenous 
cannula was inserted into a suitable arm vein with a three way connector to facilitate 
the taking of blood samples. Blood samples were taken at 2.5, 5, 7.5, 10, 15, 20, 
30, 60 and 90 minutes post-injection. At the time of dose preparation, counting 
standards were prepared for " T c m MAG3, 131I OIH and the combined prepared 
injection dose. 

2.3.2. Dynamic renal imaging 

The same imaging procedure was used for the 9 9Tcm MAG3, 
123I OIH and 9 9Tcm DTPA studies. The patient dose administered of each of these 

radiopharmaceuticals was 100 MBq, 100 MBq and 400 MBq respectively. 
Normal intake of fluid was encouraged and a further 180 ml of water was given 

to the patient prior to the test. The patient was positioned in a modified reclining 
backless chair with the detector head of the gamma camera (IGE 400AT), which was 
equipped with a low energy general purpose parallel holed collimator, positioned 
under the patient's back covering a region including both kidneys and the lower part 
of the heart. The prepared radiopharmaceutical was injected intravenously via a three 
way connector attached to a butterfly line and flushed with saline. Data were 
collected by a camera linked computer system (Nodecrest V76) as a series of 100 ten 
second frames at a resolution of 64 X 64 pixels. In cases of suspected obstruction 
a further 80 frames of data were collected following the injection of 40 mg fruse-
mide. In addition to the computer data, a series of analogue images were recorded 
at 30, 60, 90, 120 seconds and at 5, 10, 15 and 20 minutes post-injection. 
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3. DATA ANALYSIS 

3.1. Clearance measurements 

For the single injection technique the clearance was calculated using the 
standard formula: 

clearance (C) ' 
= dose injected (D)/area under the plasma clearance curve (A) (1) 

After performing corrections for background, the assayed activity in each of 
the blood samples was expressed as counts per mL of plasma. These values were 
then interpolated to give an estimate of the plasma clearance curve P(t). 

The areä under this curve was then determined by multi-exponential fitting 
using the technique introduced by Nimmon et al. [5]. Two exponential terms were 
found to be sufficient. 

' P(t) = а, X e""" + a2 x e _ b l t (2) 

A = ai/b! + a2 /b2 • 
= (a, x T, + a2 x T2)/ln(2) (3) 

where T, = ln(2)/b!, and T 2 = ln(2)/b2, are the Т й values corresponding to the 
first and second exponential components respectively. Substituting these values in 
Eq. (1) 

С = D x ln(2)/(ai X T, + a2 x T2) (4) 
= EF X renal plasma flow (5) 

where EF is the extraction efficiency. For the phase óne study in which simultaneous 
measurements of clearance were made, the clearance ratios give a measure of the 
relative renal extraction efficiencies for MAG3 and OIH. Quantitative comparison 
between the clearance curves were made by comparison of the Т.л values. In 
addition use was made of the concept of volume of distribution. Two volumes of 
distribution, V[ and V2, were defined from the intercept values á j and a2 of the 
fitted exponentials at time t equal to zero: 



168 NIMMON et al. 

V, = D/(ai + a2) (6) 

V2 = D/(a2) (7) 

Theoretically, if, routes of excretion from the body other than by the kidney 
are neglected, then in the case of zero kidney function the volumes V, and V2 

should be a measure of distribution in the plasma volume and the extracellular fluid 
space respectively. For non-zero kidney function, however, the values of V! and V2 

are dependent on the product of EF and the renal plasma flow and represent virtual 
volumes only. Both V! and' V2 have been quantitatively compared with the 
clearance to determine the expected volumes, V! (C=0) and V 2 (C=0) , corres-
ponding to zero renal function. 

3.2. Measurement of transit times 

From the dynamic study data, activity/time (A/T) curves were generated 
corresponding to regions of interest (ROI) over the left ventricle, each whole kidney 
region as determined from image data around 2 minutes, a parenchymal region 
defined for each kidney using either image data around 10 minutes or a functional 
mean time image [6]. Utilizing the first 15 minutes of the A/T curve data before the 
administration of frusemide, deconvolution analysis using a matrix algorithm was 
employed to calculate both parenchymal and whole kidney transit time indices PTTI 
and WKTTI for each kidney [7]. The normal ranges for PTTI and WKTTI are 10 
to 156 seconds, and 20 to 170 seconds respectively. In previous studies it has been 
found that both PTTI and WKTTI are prolonged in the presence of obstructive 
nephropathy [8]. 

In a subgroup consisting of 13 patients from the phase three study the transit 
time indices obtained from the MAG3 study have been quantitatively compared with 
those obtained in a prior investigation using 9 9 Tc m DTPA. 

3.3. Quantitation of the response to frusemide 

Conventionally, an increasing renal A/T curve which remains unaffected by 
the administration of frusemide after 18 to 20 minutes is taken to indicate significant 
outflow resistance. On the other hand, a sharp drop in the A/T curve to normal levels 
after frusemide is interpreted as suggesting a dilated outflow, system without signifi-

c a n t obstructive uropathy [9]. The visual identification of these two extremes as, well 
as intermediate levels of response becomes, more difficult when the renal uptake 
function is impaired. 

In this study the frusemide response has been quantitated in terms of an output 
efficiency parameter similar to. that introduced by Britton and Brown for probe 
renography [10]. 
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Blood background subtraction (BBS) was performed on each whole kidney 
A/T curve using proportional subtraction of a background A/T curve obtained from 
a ROI medial to the upper pole of each kidney. Using an iterative least squares tech-
nique, the initial upstroke of the renal BBS curve, R(t), was fitted to the integral of 
the blood clearance curve P(t) according to the linear expression: 

Y(t) = A0 + В X j ' p ( t ) dt - (8) 

where Y(t) = R(t) for t j < t < t2. 

The range of data to be included in the fit, t! to t2 , was determined using the 
statistical chi square, X 2 , and Fisher's F ratio parameters. Initially, datá up to the 
peak time or up to 6 minutes in the absence of a clearly defined maximum were used 
and a value of X 2 was calculated. Points were then sequentially deleted starting at 
the highest data point until no significant change in X 2 was detected as judged by 
the F ratio [5]. The résultant fitted curve Y(t) corresponds to the integrated input to 
the kidney as a function of time. By subtraction of the BBS whole kidney A/T curve 
from Y(t), the curve O(t) representing the integrated output from the kidney was 
obtained. The output efficiency OL(t) is defined by the equation: 

OL(t) = O(t) X 100/Y(t) % (9) 

Values of OL(t) corresponding to levels attained both pre- and post-
administration of frusemide were measured as OUTA and OUTF respectively. 

For the DTPA dynamic study, ranges for OUTF corresponding to normal or 
appropriate, moderate and impaired response have previously been determined as 
greater than 75%, 65% to 75%, and less than 65% respectively [11]. 

For a subgroup of 42 kidneys from the phase three study, values of the output 
efficiency OUTF have been compared with the PTTI index. 

4. RESULTS , 

4.1. Clearance measurements 

For the 12 patient studies carried out in the phase one study, good linear corre-
lation was obtained between the clearances using MAG3 : and OIH, C M and C H 

respectively. The regression equations are: 

/ 
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C M = 8.46 + 0.59 C H ; r = 0.94; SEE = 41.5 (10) 

C H = 39.48 + 1.51 C M ; r = 0.94; SEE = 66.4 (11) 

where r is the coefficient of linear correlation and SEE is the standard error of the 
estimate. 

The calculated volumes of distribution V] and V2 were linearly correlated 
with the clearance values, both for MAG3 and OIH, and the results are tabulated in 
Table I. For hippuran clearance, V2 deviates from a linear relationship at high 
clearance values [12], and three results with clearances greater than 600 mL/min 
were excluded from the correlation. In addition, two data points which deviated from 
the regression line by more than twice the SEE were also omitted for this theoretical 
comparison. 

TABLE I. LINEAR REGRESSION COEFFICIENTS (A,B), COEFFICIENT OF 
LINEAR CORRELATION (r), AND STANDARD ERROR OF THE ESTIMATE 
(SEE), OBTAINED FROM THE COMPARISON OF THE VOLUMES OF 
DISTRIBUTION V b V2 WITH THE CLEARANCES C H AND C M 

Regression 
Number of 
data points 

A В r SEE 

( V | ) M A G 3 = A + В X C M 
1 1 2.54 0.013 0.87 0.91 

( V , ) O I H = A + В x C„ 1 0 2.99 0.012 0.83 1.63 

( V 2 ) M A G 3 = A + В x CM 11 '5.45 0.030 0.94 1.66 

( V 2 ) O I H = A + В X C„ 9 8.21 0.032 0.97 0.33 

Values of 2.99 ± 1.63 L and 2.54 ± 0.91 L were obtained for V,(CH=0)OIH 
and \ ^ ( С М = 0 ) М А 0 3 respectively. These values closely correspond to the expected 
plasma volume space. On the other hand a value for V 2 (C M =0) was obtained equal 
to 0.66 times V 2 (C H =0) . This result indicates that MAG3 distributes into a smaller 
fraction of the extracellular fluid (ECF) space as compared to OIH. 

The ratio of the clearances CM/CH was 0.61 with a standard deviation (SD) of 
0.08. From Eq. (5) this ratio also gives a measure of the relative extraction efficiency 
of MAG3 as compared to OIH. The ratio of the Т,/г values (T l)M A G 3 / (Ti)O I H and 
(Т2)МАОЗ/(Т2)ОШ were 1.15 (SD=0.23) and. 1.09 (SD=0.12) respectively. 

\ 
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TABLE II. LINEAR REGRESSION COEFFICIENTS (A,B) AND 
COEFFICIENT OF LINEAR CORRELATION (r), OBTAINED FROM 
COMPARISON OF EACH OF THE TRANSIT TIME INDICES PTTI AND 
WKTTI FROM THE MAG3 STUDY WITH THE CORRESPONDING VALUES 
FROM THE OIH AND DTPA STUDIES 

Regression Number of 
data points 

A В r 

PTTIMAG3 = A + В X PTTI0IH 32 . 31.7 0.74 . 0.81 

PTTIMAG3 = A + В X PTTIdtpa 20 14.3 0.94 0.87 

WKTTIMAG3 = A + В x WKTTIom 32 7.5 1.02 0.92 

WKTTIMAG3 = A + В X WKTTIdtpa 20 31.0 1.04 0.97 

TABLE III. LINEAR REGRESSION COEFFICIENTS (A,B) AND 
COEFFICIENT OF LINEAR CORRELATION (r), OBTAINED FROM THE 
COMPARISONS OF OUTPUT EFFICIENCY LEVELS OUTA AND OUTF 
WITH TRANSIT TIME INDICES WKTTI AND PTTI 

Regression Number of 
data points 

A В r 

o u t a M A G 3 = А + В X W K T T I M A G 3 50 101.4 -0 .13 -0 .93 
a O U T A d t p a = A + В X W K T T I d t p a 83 95.1 -0 .12 -0 .95 

o u t f M A G 3 = A •+ В X P T T I M A G 3 42 111.8 -0 .19 ' -0 .99 
a O U T F d t p a = À + В X P T T I D X P A 88 102.7 -0 .16 -0.97 

a Data from previously published study for comparison [11]. 

4.2. Relative renal uptake function 

From the BBS A/T curves corresponding to each whole kidney ROI, relative 
renal function was calculated as a percentage, left/(left+right) utilizing the data after 
the initial mixing phase and before any excretion from the kidney.. 

The relative uptake function measured using MAG3 showed excellent correla-
tion, r = 0.97, with values obtained using OIH (16 patients) and also r = 0.97, with 
values obtained using DTPA (12 patients). .. 
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4.3. Transit time indices 

Comparison of the transit time indices, PTTI and WKTTI, obtained from the 
MAG3, OIH and DTPA studies are summarized in Table II. In the comparison of 
MAG3 with DTPA, 13 patients presenting for investigation of obstructing uropathy 
were studied. Six kidneys, three left and three right, were excluded from the compar-
ison since from visual inspection of both A/T curves and the serial images there was 
evidence of significant change in renal function between the two measurements. 

The results indicate that similar values of the transit time indices are obtained 
independently of the radiopharmaceutical used. 

4.4. Quantitation of the frusemide response 

The results of the comparisons of OUT A with WKTTI, and OUTF with PTTI 
are summarized in Table III. Previously reported results obtained using DTPA in a 
series of 44 patients are also given for comparison [11]. 

The regression parameters obtained from both the MAG3 and the DTPA 
studies are closely similar and provide evidence that the same numerical ranges may 
be used both for MAG3 and DTPA for the definition of the three grades, normal or 
appropriate, moderate and impaired responses respectively. 

5. DISCUSSION 

From the clearance measurements, the renal extraction efficiency for MAG3 
was found to be 61 % of tha t obtained for OIH, and hence equivalent to about 53%. 
In comparison with DTPA, which has an extraction efficiency of only 20%, the 
higher extraction of the tubularly secreted MAG3 is the main factor responsible for 
the greatly improved quality of the image data obtained. The higher target to back-
ground ratio is of particular importance in the visualization and quantitative assess-
ment of kidneys with poor renal function. In the measurement of regional transit 
times, the height of the useful component of the renal retention function is directly 
proportional to the extraction efficiency. The increased signal to noise ratio in the 
MAG3 data may therefore be expected to lead to a more accurate determination of 
the transit times. 

The close agreement obtained for the quantitative measures of transit times and 
output efficiency between MAG3 and both OIH and DTPA confirms the absence of 
any significant fixation of the MAG3 compound in the renal tissue. With MAG3 
there is some hepatobiliary excretion, thought to be less than 4% of the injected dose 
[2], which is unrelated to kidney function but may arise from the presence of a 
lipophilic impurity which increases with time after the boiling step. This small 
degree of hepatic uptake did not interfere with either the visual or quantitative 
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interpretation of the data. In fact it was clearly noted that in the early images, around 
two minutes, the hepatic background activity present in the MAG3 study was much 
less than that visualized using DTPA. 

The lower volume of distribution, V2 , found for MAG3 as compared to OIH 
may be related to a higher degree of protein binding of MAG3 (around 80% as 
measured by a filtration technique), and the larger molecular size of MAG3 leading 
to diffusion into a smaller fraction of the ECF. The use of MAG3 to measure effec-
tive renal plasma flow (ERPF) would require further results in order to establish a 
more accurate relationship than that given by Eq. (11). Clearly the true regression 
line should give zero clearance simultaneously for both MAG3 and OIH. 

In the comparison of the output efficiency, OUTF, with the parenchymal 
transit time index PTTI, a good overall correlation was obtained, r = 0.99. 
However, in a small group of kidneys normal values of OUTF were found in spite 
of increased PTTI (greater than 156 seconds), and conversely OUTF may be 
impaired in the presence of normal values of PTTI. These results confirm the find-
ings of previous studies with DTPA [11], namely, that the response to frusemide 
reflects a global response to diuresis, depends on the capacity and compliance of the 
renal pelvis and may be normal in the presence of a local calyceal obstruction. The 
use of the quantitative measure, OUTF, has been found to improve the objective 
assessment of the response especially in the presence of decreased uptake function. 

The results of our study indicate that 9 9Tcm MAG3 is a suitable replacement 
for renal imaging with 123I OIH and has clear advantages over the more commonly 
used 9 9Tcm DTPA. The ultimate choice of radiopharmaceutical for routine use will 
be influenced by ready availability and cost. The development of a method for prepa-
ration of labelled MAG3 which maximizes the number of doses which can be 
obtained from each kit whilst retaining the high radiochemical purity required should 
help to make the use of MAG3 cost effective. Further studies are in progress to 
evaluate the use of MAG3 in the investigation of hypertension and renal transplants. 
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DISCUSSION 

A speaker enquired as to the current availability of 9 9Tcm MAG3 in develop-
ing countries and the possibility of its local production to overcome financial 
problems in its importation. Mr. Nimmon reiterated that it was commercially avail-
able in kit form from Mallinckrodt Diagnostica. The method of preparation of cold 
MAG3 described in the paper maximized the number of doses that could be prepared 
from each kit. The cost in the United Kingdom was about £6 per patient. He sug-
gested that the IAEA might assist in making these kits more widely available. A com-
ment was made to the effect that such a cost per patient could be prohibitive even 
in the United Kingdom. 
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Another speaker pointed out that a method of preparation of 9 9Tcm MAG3 
had been published1 and should be within the capability of any nuclear medicine 
service with chemical or radiopharmaceutical laboratory facilities. Mr. Nimmon 
stressed that quality control of the local product would then be important to ensure 
comparability with the commercial one, especially if it were to be used for quantita-
tive dynamic studies. 

1 FRITZBERG, A.R., KASIMA, S., ESHIMA, D., JOHNSON, D.L., Synthesis and 
biological evaluation of Technetium-99m MAG3 as a Hippuran replacement, J. Nucl. Med 
27 (1986) 111. 
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Abstract 

A MORPHOFUNCTIONAL QUANTITATIVE EVALUATION OF THYROID 
SCINTIGRAPHY. 

A new procedure for the quantitative analysis of data from thyroid scintigraphy is 
presented, based on the association of time/activity curves prepared for a specific thyroid 
region of interest with the determination of temporal factors of the pertechnetate uptake, 
transition and clearance through the thyroid compartments. A dynamic pertechnetate study 
was performed in 28 cases of thyroid goitres in a variety of morphological shapes and func-
tions to assess the potential of time/activity curves in information about the thyroid gland's, 
lobes' and nodes' function. Studies were initiated by bolus intravenous injection of 99Tcm 

pertechnetate. After the acquisition of a series of images, computer generated time/activity 
curves were helpful in distinguishing simple goitres from hyperfunctioning thyroids or toxic 
adenomas. A large number of selected images added to a display of high statistics and 
improved quality. Lobes and nodes percentage of total thyroid function show the contribution 
of the two lobes as well as the increased autonomous function of a toxic adenoma. Toxic 
goitres may also be differentiated. Curves for regions of total thyroid gland, lobes or suspi-
cious nodes were displayed after normalization and extrathyroid radioactivity subtraction. The 
numerical data regarding peak time, uptake and clearance slope of the curves were computed 
and displayed using the image sequence taken for at least 64 minutes, one image per minute. 
The parameters of the 99Tcm pertechnetate behaviour for the euthyroid lobes do not differ 
from those obtained for the corresponding thyroid gland as a whole. Early peak times were 
derived for hyperfunctioning thyroids. Total thyroid and lobe time/activity curves for toxic 
adenomas present as flat, unlike the autonomous tissue curve which has high maximum uptake 
concentration and late clearance time. The above numerical parameters and the characteristic 
sequences of images permit indentification and classification of different thyroids in discrete 
categories. 

1. INTRODUCTION 

Functional and morphological assessments of the thyroid gland continue to 
depend on radioactive iodine uptake and scans, especially in delineating thyroid 
nodules. 

179 
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Sodium pertechnetate 99Tcm is commonly used for the imaging of the thyroid 
gland because of its biological similarity to iodine, its low absorbed dose and the 
convenience of the intravenous procedure. However, serious questions have been 
raised concerning the advisability of using it in diagnosis of function since it is not 
organifíed by the thyroid gland. 

The differences in the thyroid uptake of 9 9Tcm pertechnetate and 123I have 
been studied and expressed as a variation in kinetic parameters [1]. Uptake curves 
have been analysed according to a three compartment model and the kinetic differ-
ences of the two uptakes in goitrous patients were studied. A combination of 13 ' i 
and 9 9Tcm has also been described [2] and it seems to represent a satisfactory alter-
native to 123I thyroid imaging. 

While there is no doubt that a thyroid scan is of particular value in patients with 
palpable nodule(s), there is a controversy with regard to the value of routine thyroid 
imaging in patients with hyperthyroidism, particularly when nodes are not thought 
to be present. It has been found that a thyroid scan seldom provides valuable diagnos-
tic information in patients with a diffuse goitre. However, thyroid imaging with 
tracer quantification can replace a 24 h 13 ' l uptake measurement, this having the 
advantages that the patients are required to be attended only once, and that the gland 
size can be measured. Radionuclide thyroid imaging has widely been used [3] in the 
routine of patients with hyperthyroidism to help establish the cause, as well as to 
measure the size and tracer uptake of the gland. 

Furthermore, the superior quality and information content of the scintigrams 
obtained by a gamma camera/computer system [4] could improve the diagnostic 
value of thyroid scintigraphy when the scintigrams are also evaluated quantitatively. 
Moreover, in combination with quantitative evaluation of thyroid scintigrams, the 
superior quality obtained by the above system could extend the value of thyroid scin-
tigraphy, especially in regions with a high incidence of autonomous areas in the 
thyroid. This reinforces the importance of thyroid scintigraphy in function related 
questions. 

One subjective but widespread approach to study time patterns is visual inspec-
tion of the series displayed as recurrent frames. Also, dynamic scintigraphic imaging 
data of time-varying tracer distributions are often used to study fast physiological 
processes by means of time/radiotracers curves. A few examples are, first-pass 
blood flow studies, equilibrium gated nuclear angiography and renal function 
studies. However, analysis of scintigraphic data from relatively slow dynamic 
studies has not been used to a great extent up to now. Interactive transit time imaging 
has been used for the evaluation of dynamic hepatobiliary scintigraphy [5]. As the 
thyroid gland does not function very fast, dynamic scintigraphic exploration of it has 
not undergone much development. A computer-assisted radionuclide perfusion study 
has been performed [6] in solitary 'cold' thyroid nodules and their vascularity rela-
tive to that of normal adjoining thyroid tissue has been assessed. The data present 
in the images of a dynamic series vary as a function of time (t) and space (x,y). Each 
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pixel in the series is proportional to the number of photons detected at that particular 
point (x,y,t) to which the pixel corresponds [7]. The information content in a 
dynamic image series is very high, as the total number of pixels is very high, but 
clinically irrelevant information such as noise and image artefacts is present [7,8]. 
Dynamic time patterns represent the relevant information, but the visual perception 
of time patterns in a dynamic image series is limited by image contrast, photon noise, 
temporal and spatial sampling frequency [8]. When regional variations in dynamic 
behaviour are unimportant, time/activity curves generated over regions of interest 
(ROI) can be used. The techniques that analyse dynamic time patterns provide a 
powerful means to improve the extraction and interpretation of information present 
in dynamic scintigraphic studies. 

We propose a method of processing thyroid scintigrams which involves the 
construction of a high statistics image that can easily be obtained by the compression 
of a selected number of sequential frames into a single image; also, the generation 
of time/activity curves over thyroid gland regions of interest. Its objective is to 
extract the spatial and temporal components, in a sequence of thyroid gland images, 
in order to evaluate its lobe and possible node contribution to its function. It 
represents a method of analysis applicable to 99Tcm dynamic thyroid scintigraphy. 
It offers the advantages of being applicable to all normal and abnormal functioning 
situations of the gland and that the patients are required to attend only once. 

2. MATERIAL AND METHOD 

Thirty patients who were referred to the nuclear medicine department for 
evaluation of thyroid goitres were studied by our technique. Twelve of them were 
hperthyroid, five of them had a toxic adenoma, two had toxic goitre and the other 
eleven were clinically euthyroids. Three euthyroids had multinodular goitres. All the 
above diagnoses were documented by in vitro laboratory studies (T4, T3, TSH), 
static thyroid scan by 9 9Tcm pertechnetate and clinical palpation. 

Dynamic studies were performed using an ElScint computerized gamma 
camera. The gamma camera was fitted with a parallel hole, low energy, high resolu-
tion collimator. A high resolution, parallel hole collimator was preferred despite the 
superior resolution and sensitivity of a converging collimator, since quantitative 
evaluation of scintigrams would be complicated by the fact that the sensitivity 
increases as the distance between the collimator and the organ increases [4]. The 
scintigraphic data were recorded with 64 x 64 frame size with acquisition 
zoom = 2. In this study, one pixel represented an area of 3.2 x 3.2 mm of the 
thyroid. In an attempt to reduce to a trivial level image artefacts of the discrete matrix 
used by the computer, we used for a sample of 13 patients — not included in this 
study evaluation — a computer matrix size of 128 X 128 pixels and an acquisition 
zoom = 2. The larger the matrix the better the accuracy of localization, and ah 
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image acquired in a large matrix can be more easily evaluated, provided that the 
count density guarantees the statistical significance of the pixel amplitudes. 
However, that scheme was abandoned because a 128 x 128 matrix occupies a lot 
of computer memory and, secondly, because it is difficult to position the patient 
sufficiently accurately for no thyroid counts to be missed. 

The study was initiated by the intravenous bolus injection of 9 9Tcm pertechne-
tate. In order to ensure that local amplitudes had an adequate statistical significance; 
we obtained a high count density by adjusting the amount of activity to the volume 
of the thyroid (100 MBq-150 MBq). Patients were placed under the gamma camera 
in the supine position with the neck extended. The computerized gamma camera 
started acquisition simultaneously with the injection of the radiopharmaceutical. 

Sixty-four sequential images were recorded and stored in the computer system 
at a rate of one frame per minute. We first displayed the recorded scintigraphic 
images. On a frame resulting from the addition of a large number of selected images, 
two isolevel regions of interest were drawn by a joystick mechanism for the determi-
nation of the two thyroid lobes' contour. On the same frame further isolevel ROI 
were determined so as to define any region where there was a suspicion of autonomic 
function. An adequate ROI was finally selected automatically over the extrathyroid 
region (background). 

3. DATA ANALYSIS 

A protocol program was created in the macrofiinctional language of the gamma 
camera computer. The time/activity curves for the two lobes, the total thyroid and 
the background ROI were determined. The three curves were displayed, superim-
posed, on the second quarter of the screen after subtraction of the background curve. 
Time corrections for isotope decay were also made. Calculations were made of the 
radioactivity concentration in each, lobe or node and displayed on the left upper 
corner of the screen, as a percentage (%) of their contribution to the total thyroid 
function. For the % function determination, the integral method was used. For 
example, for left lobe % function the following formula was used: 

(1 LEFT - T BGK) X 100 
LEFFUN% = J J 

(Í TOTH - S BGK) 

The next step was normalization for the surface area (activity/pixel values on 
the y-axis, by dividing the counts in each point by the number of pixels in the ROI) 
and iterative smoothing. Normalized curves were displayed on the fourth quarter of 
the screen. 
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TABLE I. TIME/ACTIVITY CURVES FUNCTION PARAMETERS 
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Subject Peak time Uptake Clearance % of total 
diagnosis slope slope function 

(min) (10"4 min"1) (10~4 min"1) 

R 24 2.84 -0 .23 R 49.3 
Simple L 30 3.01 -0 .18 
goitre T 28 1.46 -0 .10 L 50.7 

R 13 2.26 -0 .02 R 56.1 
Hyper- L 16 2.25 -0 .09 
thyroidism T 15 1.13 -0 .03 L 43.9 

R 11 1.93 -0 .29 R 63.5 
Hyper- L 10 1.96 -0 .36 
thyroidism T 10 0.91 -0 .14 L 36.5 

R 12 1.82 -0 .07 R 52.1 
Toxic L : 17 1.92 -0 .12 
goitre T 17 0.92 -0 .05 L 47,9 

R 38 . 1.91 -0 .03 R 70.9 
Toxic L 15 3.20 - 0 3 3 
adenoma T 28 1.09 -0 .05 L 29.1 

' N 37 7.21 +0.23 N " ' 57.5 

R = Right lobe. 
L = Left lobe. 
T = Total thyroid. 
N = Node. 

For each curve,- numerical data were extracted regarding the time when the 
concentration of radioactivity reaches its highest value (peak time),, uptake slope and 
clearance slope and displayed on a quarter of the screen (Table I). For slope calcula-
tions, each curve was divided into two parts by the peak time point. A linear fit was 
performed on each specified curve part, that is: 

Y . = SL X X + IY 

SL is the slope of the fitted line and IY the intersect with the y axis. 
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The mean transit time in the thyroid compartment was also determined as a 
numerical parameter that could give an indication of the total thyroid functional 
response. This last parameter t was computed according to the following formula: 

A(t) is the activity measured at time t. 
Mean transit time is directly related to the time/activity curve appearance. 

Lastly, we added serial frames and formed an image of the thyroid gland, 
which, after an expansion to 256 x 256 pixel size, was displayed on the third quarter 
of the screen. 

4. RESULTS 

We chose to show the results in the form of one example for each group of 
the sampled subjects. 

The thyroid function, peak time, and maximum uptake of 9 9Tcm pertechnetate 
are shown by the dynamic time/activity curve, Fig. 1(a). This curve is biphasic. The 
first phase of uptake function, which approaches a maximum asymptotically, is much 
more rapid than the second clearance phase. The intersection of the phases is at the 
maximum uptake point. The percentage function of lobes or nodes was calculated 
from the integrals of the above dynamic curves, Fig. 1(a), Table I. 

Normalized curves, Fig. 1(b), made possible the calculation of uptake and 
clearance slope, Table I. 

Regarding the group of euthyroid subjects, Fig. 1, the shape of curves for the 
thyroid lobes did not differ from that of the corresponding thyroid gland and a 
proportionality exists for their numerical parameters and their function, Table I. The 
thyroid peak (uptake) time of pertechnetate had an average value of 28.6 ± 2.6 min 

Similar results were derived for hyperthyroid lobes and the corresponding total 
thyroid, Fig. 2, though hyperthyroid subjects presented earlier peak times (an aver-
age value of 11.7 + 3.1 min), Table I. Toxic goitres had euthyroid curve appear-
ance, but the uptake slope values were close to those of hyperthyroidism, Table I. 
Hyperthyroid glands and toxic goitres presented the highest peak count 
concentration. 

Discrepancies were found among the time/activity curves of the nodular gland 
and the curves of the existing node, Fig. 3. A relationship seems possible between 
the extent of the nodular area and the earlier values of peak time. 

t = t A(t) di A(t) dt 

( + 1 SD). 
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FIG. 1. Time/activity curves of an euthyroid gland: (a) approximately equal percentage func-
tion of right (R) and left (L) thyroid lobes; (b) normalized time/activity curves (max. value of 
x axis is 64 min). 
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FIG. 2. Time/activity curves in hyperthyroidism declare similar fiinction of right (R) and left 
(L) lobe with total thyroid. Early peak time of the maximum uptake (7.5 min) and a fast clear-
ance are presented (total examination time 156 min). 

Total thyroid and lobal time/activity curves for the subjects with toxic 
adenomas presented to be flat (low average activity/pixel) contrary to autonomous 
tissue curve presentation, Fig. 4. The shape of the graphics, obtained from the data 
inside the autonomous tissue, was characterized by very late transit time, not too 
early peak times and high uptakes compared to the surrounding tissues. Their numer-
ical parameters, Table i; and characteristic sequence of images, permit their identifi-
cation and classification in a discrete category. 

Uptake slope values, as well as clearance slope values for four categories — 
euthyroid, hyperthyroid, toxic goitre and toxic adenoma — are presented in Table I. 
The lowest values of uptake slopes (min"1) were found from hyperthyroid gland 
curves, declaring a rapid concentration of radioactivity in hyperthyroid tissues. 
Toxic adenoma curves presented abrupt increases of the above values. In the same 
way, the lowest negative clearance slope values in hyperthyroidism represent a faster 
radioactive output from the hyperthyroid. Autonomous hyperfunctioning nodules 
exhibited significantly high clearance slope values. 

Hyperthyroid compartments were characterized by the fastest mean transit 
times (28 to 32 min), while euthyroid tissues showed intermediate mean transit times 
(33 to 36 min) and the toxic autonomous adenoma parameters involved the slowest 
mean transit times (38 to 44 min). Though mean transit time in the thyroid compart-
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FIG. 3. Morphofiinctional display of a nodular thyroid gland. Above: percentage contribu-
tion of node (N), right (R) and left (L) lobe to the total (T) thyroid function. Below right: hyper-
functioning discrepancy of nodè (N), normalized function curve in comparison with left (L), 
right (R) and total (T) thyroid function. Below left: thyroid image. 

ment gives an evidence of the functional situation of the tissues, it is highly depen-
dent on the total examination time. Hence the evaluation of this numerical parameter 
needs further investigation. 

5. CONCLUSION 

The technique described is based on time analysis, with thé aim of improving 
the resolution of the essential morphological and functional features of the thyroid 
gland images, visualized in the course of its dynamic scintigraphy; this is achieved 
by calculating and displaying temporal parameters. This type of 9 9Tcm dynamic 
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FIG. 4. Time/activity curves of a toxic adenoma: (a) late uptake increase of the autonomous 
node (N) high percentage contribution to the thyroid's function; (b) increased radioactivity 
concentration/pixel of nodule (N) — very low clearance rate. . , 

investigation of the thyroid gland seems to represent a useful tool for simplifying the 
extraction of function information. The morphological situation of thyroid tissues 
can easily be studied from an improved quality image, synthesized by a selected 
number of frames. . 

. This procedure may prove very suitable for analysing data from other rela-
tively slow dynamic scintigraphic studies, too. 
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DISCUSSION 

Replying to questions regarding the time needed for a single study by the 
method presented, Ms. Lyra stated that this was one hour; three patients could be 
studied in a single morning. Nothwithstanding this rather long time, hyperthyroid 
patients tolerated the procedure well. 

A speaker commented that in 1972 he had taken part in similar studies1 in 
which the values of three numerical parameters had been determined; these were the 
time to peak uptake, the percentage peak uptake and a 'pertechnetate invasion con-

1 LANGE, S., DAS, B.K., GOLDE, G., Untersuchungen der thyroïdealen Tc99m-
pertechnetataufnahme mit Szintillationskamera und Datenverarbeitung, Strahlentherapie 144 
(1972) 186. 
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stant' corresponding to the slope of the uptake curve. The latter could be estimated 
from data acquired over the first 10 min of study and proved a reliable diagnostic 
criterion, correlating well with clinical findings. It followed that assessment of the 
iodination phase of thyroid function did not require a full hour's study. Whatever 
methods were used, however, some 5-8% of patients would give doubtful results; 
for these, only clinical judgement was of value. 

Another speaker enquired as to the usefulness of the method for the follow-up 
of patients during treatment. Ms. Lyra stated that it could indeed be used in this way, 
changes in the shape of the uptake curve and in the values of the numerical 
parameters giving indications of response. 
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Abstract 

LIVER SCINTIGRAPHY AND MEASUREMENT OF TOTAL BLOOD FLOW AND 
RELATIVE ARTERIAL/PORTAL CONTRIBUTION IN EVALUATING HEPATIC 
DISORDERS. 

Twenty-one patients who came to the department for routine liver scintigraphy were 
studied. Eight had a normal liver scan and the remaining had focal defects on liver scanning 
due to cirrhosis, metastasis and cysts. Patients were positioned supine above a large field of 
view high sensitivity gamma camera. Patients were studied on two separate occasions, first 
using 9 9Tcm human serum albumin (HSA) and then 9 9Tcm sulphur colloid two to five days 
later. The radiopharmaceutical was administered as a rapid intravenous bolus followed by 
saline flush. Sequential posterior frames were recorded and in the case of 9 9Tcm sulphur col-
loid later conventional static 30 seconds anterior and posterior images of the liver and spleen 
recorded. Data obtained were analysed. Region of interest (ROI) was drawn around liver and 
spleen. For the colloid study use was made of the fact that following intravenous injection the 
tracer reaches the liver via the hepatic artery earlier than via the portal vein, making calcula-
tion of arterial/total hepatic flow possible. 9 9Tcm HSA study was undertaken to determine 
total liver blood flow using the count content of equilibrium image of small ROI of the liver 
in posterior projection recorded between 4 and 6 minutes and a 6 minute blood sample to cal-
culate volume of distribution. The resulting value was divided by mean transit time (T) in 
seconds obtained by deconvolution of aortic activity/time curve to give total liver blood flow. 
Arterial/total ratio was found to be elevated in patients with cirrhosis and normal in patients 
with hepatic metastasis and hydatid disease. Total liver blood flow was raised in the metastatic 
group and was normal or low in all cirrhotics. These groups can thus be distinguished. The 
study points the way to the regular estimation of total liver blood flow and relative supplies 
of the blood flow in the assessment of patients with liver disease. 

1. INTRODUCTION 

Liver imaging is a simple noninvasive primary procedure in the evaluation of 
hepatic disorders. Despite its widespread use it often fails to characterize focal 
lesions. These have similar appearances whether they are caused by cirrhotic nodules 
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or metastatic deposits. This lack of specificity is a problem particularly when other 
more sophisticated imaging modalities are unavailable. 

Routine scintigraphy was combined with dynamic hepatic blood flow measure-
ment in an attempt to differentiate various pathological processes responsible for the 
focal defects. The present paper reports on the above study. 

2. MATERIALS AND METHOD 

A total of 21 patients who came to the department for routine liver scintigraphy 
were studied. Most of them were in-patients. The choice of patients was made to 
cover as much as possible different aspects of liver diseases. 

All but four patients were studied twice. Technetium-99m human serum albu-
min (HSA) (15 mCi) prepared from a kit commercially available from 
Mallinckrodt BV was used initially to measure total liver blood flow and 99Tcm 

sulphur colloid (5 mCi) two to five days later to determine arterial/total flow rate. 
Patients were positioned supine and a Siemens gamma camera fitted with a high 
sensitivity parallel hole collimator was placed beneath the couch. A high quality 
compact bolus was achieved by employing good injection technique using a special 
injection set and post-injection 20 mL saline flush. The computer was switched on 
simultaneously to coincide with the saline flush. Data acquisition was carried out for 
20 minutes. Digital images in the posterior projectiuon were recorded in a 64 x 64 
matrix in text mode: 240 frames at 0.5 s each for one minute followed by 10 frames 
at 30 s for HS A study and 120 frames at half a second each for one minute initially 
followed by 90 frames at 6 s per frame for colloid study. Two blood samples col-
lected at 4 and 6 minutes of HS A study were counted for 100 s on the face of the 
camera and weighed. In the case of 99Tcm sulphur colloid 30 s static anterior and 
posterior images of the liver and spleen were recorded 20 minutes post-injection, 
replacing the high sensitivity collimator with a high resolution parallel hole collima-
tor. Emission tomography was carried out on one patient using a General Electric 
Maxi Camera 400 equipped with a tomographic facility to help determine the attenu-
ation factor. 

3. THEORY AND ANALYSIS 

Total liver blood flow expressed in mL/min was derived from the formula: 

F = V/T 

where F = flow rate in mL/min of tracer through the liver, V = volume of distribu-
tion of tracer in mL between the point of input and sampling, T = mean transit time 
in seconds obtained by using deconvolution [1]. 
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S 

Eq is the count content of the equilibrium images of a small region of interest 
(ROI) of the liver in posterior projection recorded between 4 and 6 minutes. The 
count from the 6 minute blood sample represents S. The volume (V) was corrected 
for the small region of interest in the liver and for attenuation. 

V = Eq X area factor and attenuation factor 

Arterial/total ratio is based on observation that following intravenous injection of 
99Tcm tracer reaches the liver via the hepatic artery earlier than via the portal vein 
due to delay in the splanchnic circulation. This has made it possible to distinguish 
the arterial and portal components of hepatic flow. Therefore the arterial component 
of hepatic uptake can be determined by reference to the splenic uptake curve. 

4. RESULTS 

Results of total liver blood flow given in mL/min are summarized in Table I. 
Results of arterial/total ratio expressed as a percentage are summarized in 

Table II. 
A total of 21 patients took part in the dual isotope study. These included eight 

females and thirteen males, their ages ranging between 14 and 68 years. 
Eight patients had normal liver scan. Of the remaining 13 patients with focal 

defects on liver scan six had histologically confirmed cirrhosis, five had metastatic 
disease and the last two patients were suffering from hydatid disease of the liver. 
Results were available for 17 of the 21 patients who took part in the dual isotope 
study. One study was technically unsatisfactory. This was a patient with cirrhosis. 
The colloid uptake was impossible to analyse because of low hepatic uptake. The 
remaining three patients were discharged too soon after the HS A or " T c m colloid 
study for it to be possible to do a dual isotope study. 

The arterial/total ratio in eight patients with normal liver scan and without evi-
dence of liver disease lay mainly in the range 7-17% with standard deviation 
between 0.9 and 5.1 %. The upper normal limit was arbitrarily set at 20% for maxi-
mum discrimination. 

The arterial/total ratio was elevated in nearly all patients with cirrhosis. 
Patients with metastatic and hydatid diseases had normal values. The value for the 
total liver blood flow in the control group ranged between 1040-1580/min. Three 
patients with metastatic disease from oat cell carcinoma of the lungs, colonic carci-
noma and an unknown primary neoplasm respectively had elevated values. 
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TABLE I. TOTAL LIVER BLOOD FLOW 

No. Age Sex 
Hepatic 
disorder 

Arterial/ 
total 
ratio 
(%) 

Volume of 
distribu-
tion 'V ' 

(mL) 

Mean 
transit 

time 'V ' 
(min) 

Total 
liver 

blood flow 
(mL/min) 

1 32 M Nil 7.2 416 0 .4 1040 

2 28 F Cirrhosis 60 167 0.27 618 

3 20 F Nil 16.8 532 0.38 1400 

4 45 M Cirrhosis 22 492 0.41 1200 

5 64 M Metastasis 11.8 877 0.3 2924 

6 48 F Nil 17 616 0.43 1580 

7 68 M Metastasis 20.4 884 . 0 .4 2210 

8 56 F Cirrhosis 26 301 0.33 915 

9 18 M Nil 16 558 0.46 1212 

10 55 M Cirrhosis 32 337 0.37 913 

11 24 F Nil 14.6 504 0.35 1440 

12 23 M Liver cyst 8.0 456 0.34 1340 

13 19 F Nil 13.4 647 0.42 1540 

14 14 M Nil 16.4 423 0.37 1142 

15 65 M Metastasis 17.9 691 0.35 1975 

16 25 M Liver cyst 9.6 531 0.33 1608 

17 19 F Nil 14.8 310 0.28 1110 

5. DISCUSSION 

Liver blood flow may be defined as the amount of blood which perfuses the 
liver per unit time. The liver derives its blood supply of 1500 mL/min from separate 
sources. In the normal person 80% of the blood comes from the portal vein and the 
rest from the hepatic artery. Diseases of the liver almost always affect hepatic blood 
flow. 

Arterial/total flow and total blood flow was measured in a total of 17 patients. 
Arterial/total ratio was measured in association with a routine liver scan. The figures 
obtained for the arterial/total ratio in normal patients are similar to those found by 
Cambridge workers [2]. Eight patients with metastatic and hydatid liver disease had 
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TABLE II. ARTERIAL/TOTAL RATIO 

Range of Range of 
Group ' arterial/total ratio Mean total blood flow Mean 

cirrhosis 

Hepatic 
metastasis 

Hydatid 
disease 

cases 
(%) (mL/mm) 

Control 8 7 -17 14.5 1040-1580 1308 

Liver 
4 22 -60 35 618-1200 911.5 

3 11.8-20.4 16.7 1975-2924 2369.7 

2 8 - 9 . 6 8.8 1340-1608 1474 

normal values. The ratio was found to be raised in nearly all patients with cirrhosis 
(mean 35%). The highest ratio (60%) obtained in one patient could indicate the 
absence of portal hypertension. In the presence of portal hypertension and por-
tosystemic shunt arterial fraction could be underestimated, as seen in one patient, 
where colloid uptake was impossible to analyse because of low hepatic uptake. 

The value for the total liver blood flow ranged between 1040-1580 mL/min 
in the normal group. Three patients with metastatic disease had elevated values. The 
value was reduced in three out of four patients with hepatic cirrhosis. It is therefore 
possible to separate these groups of patients. 

It was found that results were easier to interpret and conclusions about the 
nature of hepatic focal lesions easier to draw when the two parameters were available 
instead of one. The two values put together improved the specificity of liver scanning 
quite substantially. Patients, however, found it difficult to attend the department 
twice for the study. 

6. CONCLUSION 

This study points the way to the regular estimation of total liver blood flow 
and relative arterial and portal contribution in the differentiation of focal hepatic dis-
eases. Various methods [3, 4] exist for hepatic blood flow measurements. There is 
need for a less complex, simple and acceptable method of mesurement which could 
then be made more available. 
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DISCUSSION 

Asked whether in the work presented the diagnosis of liver cirrhosis had been 
based on biochemical or histological findings, Mr. Anakwenze stated that it had been 
based on histological findings. 
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Abstract 

EVALUATION OF PORTAL SCINTIGRAPHY USING 9 9Tcm FOR QUANTITATIVE 
ASSESSMENT OF PORTAL HAEMODYNAMICS IN A PORTAL HYPERTENSIVE 
ANIMAL MODEL. 

Visualization and quantitative evaluation of portal circulation were investigated by rec-
tal administration and splenic injection of 9 9Tcm pertechnetate in rats with and without portal 
vein ligation. Serial whole body images of rats were used to obtain time/activity curves which 
allowed the quantitation of the functional state of portal haemodynamics by a gamma camera 
interfaced to a computer. The circulation times from the spleen and rectum to heart were much 
shorter in portal hypertensive animals than in normal ones, while the liver was rapidly visual-
ized in normal rats. In another group of normal rats injected with 9 9Tcm macroaggregated 
albumin via the spleen the liver was clearly visualized with no radioactivity in other organs, 
whereas in portal hypertensive rats the radioactivity bypassed the portal vein, demonstrating 
a lung image alone. The present data suggest that the use of transrectal portal scintigraphy 
made possible in a single procedure quantitative evaluation of portal circulation, providing 
advantages of noninvasiveness and simplicity and good visual information on the dynamic 
flow pattern. 

1. INTRODUCTION 

The evaluation of portal circulation is very important in the diagnosis of portal 
hypertension. The methods reported have been based on the splenic and rectal 
administration of radioactive tracers such as 131I, 133Xe, 201T1, 123I amphetamine, 
"Tc m pertechnetate (Tc04) and 99Tcm macroaggregated albumin (Tc M A A) [1-7]. 

This study investigates the methods for evaluating portal systemic circulation 
by splenic and rectal administration of 99Tcm, utilizing the prompt availability and 
superior physical characteristics of this radioisotope in clinical nuclear medicine. 
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Scintiphotosplenoportography (SSP) appears to be a clinically useful technique as it 
provides quantitative information about the functional state of portal hypertension 
[3, 6]. On the other hand transrectal portal scintigraphy (PS) has a great advantage 
over the techniques involving splenic injections because of its simple and noninva-
sive nature [8]. Therefore a comparative investigation with respect to the quantitative 
evaluation of portal circulation was carried out in the present study to demonstrate 
the validity of transrectal PS, using Tc04, in a portal hypertensive rat model. 

2. EXPERIMENTAL 

2.1. SSP with Tc04 

0.1 mL Tc04 (10 MBq/100 g animal weight) was injected into the splenic 
pulp in rats with and without portal vein ligature. Whole body images of rats were 
obtained by a gamma camera interfaced to a computer. A dynamic study with a 
frame rate of 0.5 s/image was acquired for 30 s. Regions of interest (ROIs) were 
generated on spleen (S), heart (H) and liver (L) and time/activity curves were 
obtained. The circulation times (CTs) from the spleen to the heart and liver were 
determined by the peak activity time over the spleen from that over the heart and 
liver. Heart to liver (H/L) ratios were obtained at various times after administration. 
Shunt indices (SI) were calculated from serial radioactivities on the heart and liver 
using the areas under the time/activity curve over a period of 10 s, expressed as 
% H radioactivity over the sum of H and L radioactivities. 

2.2. Transrectal PS with Tc04 

0.1 mL of Tc04 (10 MBq/100 g animal weight) was instilled into the upper 
part of the rectum of rats with and without portal vein ligature through a thin rectal 
tube. Whole body images of rats were taken every 5 s for 300 s. Time/activity curves 
for heart and liver were obtained from the ROIs generated over the heart and right 
lobe of the liver. H/L ratios at various times and CT from rectum to heart and liver 
were calculated. Sis were determined for 15 s from the appearance time of radio-
activity on the curves of liver or heart for normal and for portal hypertensive rats 
respectively. SI calculations were made for 5 s durations over a period of 15 s 
because the mean appearance time of the heart curve was 13.3 ± 2.5 s later than 
that in the liver curve. SI values were expressed as % radioactivity concentrations, 
under the H curve divided by the sum of the H and L curves. 
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2.3. SSP with Tc MAA 

Normal and portal hypertensive rats were injected with 0.1 mL Tc MAA 
(5 MBq/100 g animal weight) via the spleen. Serial whole body images of rats were 
obtained in the same manner as when using SSP with Tc04 and a static scintigram 
was taken following the dynamic study. ROIs were generated on the liver and lung 
and time/activity curves were obtained. SI was determined by the per cent lung 
radioactivity over the sum of lung and liver radioactivities. 

Results were expressed as mean + SD and Student's T test was used for 
statistical analysis. 

3. RESULTS 

3.1. SSP with Tc04 

In the normal rats, liver was visualized within the first 1.5 s and mean circula-
tion time from spleen to liver was 3.3 ± 0.2 s, while the time period to reach maxi-
mum heart activity was 11.1 ± 1.1s (Fig. 1). The portal hypertensive group showed 
much shorter CTs from spleen to heart than normals, 1.9 ± 0.5 s, and a very poor 
liver image due to the diversion of splenic flow through the portosystemic collaterals. 
As demonstrated in Table I, Sis were significantly higher in portal hypertensive 
animals than in normal ones. 

3.2. Transrectal PS with Tc04 

Table II lists the mean circulation times and Sis calculated from the 
time/activity curves of portal hypertensive animals and normal controls. A marked 
elevation of the Sis is noted in the rats with varices compared with those without. 
The flow patterns are shown in Fig. 2. In the normal portal circulation pattern, CT 
from rectum to liver was 41.0 + 7.4 while it was prolonged significantly in portal 
hypertensive animals because of the diversion of portal flow through the collateral 
channels to the heart and subsequent diffuse visualization of the liver parenchyma. 
A mean rectum to heart time was 114.0 ± 9.6 s in normal controls whereas the mean 
value observed in portal hypertensive rats was 81.3 ± 17.5 s. 

3.3. SSP with Tc MAA 

In normal rats injected with Tc MAA via the spleen, the liver was visualized 
rapidly, whereas no radioactivity accumulation in other organs was observed 
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F/G. 1. Portal circulation pattern of (a) normal and (b) portal hypertensive rat injected with 
Tc04 via the spleen. In normal rats the liver is visualized promptly while the heart is visual-
ized in delayed images. In the presence of portosystemic, shunting the heart is visualized 
initially. 
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TABLE I. CIRCULATION TIMES FROM SPLEEN TO HEART AND SHUNT 
INDICES IN PORTAL HYPERTENSIVE AND NORMAL RATS 

CT to heart SI 

(s) (%) 

Portal hypertensive group 1.9 ± 0.5 62.2 ± 1.3 

Normal controls 11.1 + 1.1 
(p < 0.001) 

3.8 + 1.9 
(p < 0.001) 

T A B L E II . T R A N S R E C T A L C I R C U L A T I O N T I M E S T O H E A R T A N D S H U N T 

I N D I C E S I N P O R T A L H Y P E R T E N S I V E A N D N O R M A L R A T S 

CT to heart 

(s) 
SI 

(%) 

Portal hypertensive group 81.3 ± 17.5 58.2 ± 5.5 

Normal controls 114.0 ± 9.6 
(p < 0.01) 

4.7 ± 1.2 
(p < 0.001) 

(Fig. 3). In portal hypertensive rats the bolus bypassed the portal vein to reach the 
heart through portosystemic collaterals. Subsequently the lung was visualized while 
neither portal vein nor liver received the radioactivity. 

4. DISCUSSION 

It is very important to investigate the functional state of the portal hae-
modynamics of patients with the portal hypertension. Flow patterns of portal circula-
tion have been studied in various disorders with the SSP technique using Tc04 by 
Kashiwagi et al. [2, 3, 6]. This technique has several advantages compared to con-
ventional radiographic splenoportography. It provides a reliable method for visuali-
zation of the flow characteristics of the portal circulation as well as the identification 
of the pathological state of portal hypertension. The time required for the test is con-
siderably shorter and it minimizes the risk of splenic haemorrhage by an injection 
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FIG. 2. Transrectal portal scintigrams of (a) normal and (b) portal hypertensive rat. The liver 
is visualized promptly in normal rats. Heart activity is visualized initially through the por-
tosystemic collaterals in the portal hypertensive rat. 
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FIG. 3. Scintiphotosplenoportography of (a) normal rat with liver image and (b) hypertensive 
rat with lung image alone, injected with Tc MAA into the splenic pulp. 



2 0 6 FORADORI et al. 

of the radioisotope in very low quantities (i.e. 1 mL) as compared with the roent-
genographic splenoportography performed with the usual volume of 30 mL injected 
into the spleen. In the present study SSP with Tc04 allowed good visualization of 
the portal circulation and quantification by the calculation of CTs from spleen to 
heart and liver and Sis. There was a significant difference of SI values between the 
normal controls and portal hypertensive group (p < 0.001) (Table I). H/L ratios cal-
culated at various points of heart and liver time/activity curves were not reliable 
because they were too variable from one point to another. 

Transrectal PS has a great advantage over these techniques, since it reduces 
the invasiveness of this type of study to a minimum. 99Tcm has very good physical 
characteristics for imaging, and rectal administration of pertechnetate provides use-
ful visual information. However, the biological behaviour of Tc04 makes it difficult 
to obtain quantitative indices for the evaluation of portosystemic shunts. Its absorp-
tion is poor relative to the other agents studied [4] and Tc04 absorbed from the rec-
tal lumen, passes rapidly through the liver, but does not remain there. Therefore the 
validity of this technique was investigated in the present study in a portal hyperten-
sive animal model and in normal controls in order to assess the reliability and useful-
ness of quantitative transrectal PS with Tc04 . 44.7 + 3.5% of Tc04 was absorbed 
from the rectum in normal rats. Mean rectum to heart time was 81.3 s in portal 
hypertensive rats whereas it was 114 s in normal ones as determined by peak activity 
times. The difference was significant (p < 0.01). CTs to liver were observed in a 
quick succession following both splenic and rectal administrations of Tc04 in nor-
mal rats. In portal hypertensive rats, poor visualization of the liver parenchyma was 
observed in delayed images. The corresponding CTs were not tabulated since they 
were too erratic and unreliable owing to the superimposed collaterals over the liver 
area. As demonstrated in Table II, transrectal Sis were significantly higher in portal 
hypertensive rats than in normal ones (p < 0.001). SI values calculated in the present 
study were lower than the real values in rats with portosystemic shunts because of 
the superimposition of collaterals in the liver ROI and the liver flow from systemic 
circulation through the hepatic artery. This disadvantage can be eliminated to a con-
siderable extent in human studies. In the present study the smaller size of rat did not 
permit such a delineation in diffuse images, although the ROIs were generated on 
the right side of the liver. An ideal radiotracer for quantitative transrectal PS should 
have a high rectal absorption and accumulation in each organ without recirculation. 
Although the rectal absorption and cellular retention of Tc04 are poor relative to 
the other radiotracers studied such as 123I IMP and 201T1 [4, 5] the results of the 
present study indicate that transrectal PS with Tc04 makes it possible to achieve 
quantitative indices revealing the degree of portal hypertension. CTs from intestine 
to heart and Sis could be used to identify the degree of abnormality in portosystemic 
shunts by assigning normal and pathological patterns of various degrees of disorders. 
Shiomi et al. [8] studied the portal circulation using Tc04 in patients with chronic 
liver diseases. They determined the per-rectal Sis in patients by the analysis of heart 
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and liver activity curves as a quantitative evaluation of the degree of abnormality. 
In their study SI ranged from 1.9% to 5.2% (mean 4.1%) in healthy subjects. This 
correlated well with the SI (4.69 ± 1.2%) calculated from the heart and liver 
time/activity curves of normal rats in the present study. 

This technique provides excellent visual information and identification of the 
functional state of portal haemodynamics by the analysis of time/activity curves in 
a single procedure by a single radiotracer. Less time is required as compared to the 
other techniques for studying the portal circulation. The method can be performed 
easily and safely with less expense on patients with portal hypertension. 

ADDENDUM 

A paper by Shiomi et al. [9] was noted after preparation of this manuscript. 
Their clinical results confirm the approach of the present study. 
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DISCUSSION 

Asked what was the portal blood pressure in the model, Mr. Özker stated that 
a standardized portal vein ligation procedure was used, limiting the blood flow to 
one fifth of normal. The portal blood pressure was then about 20 cm H20. 

Asked by the same speaker for his opinion regarding the use of 201T1 or 133Xe 
in the evaluation of liver blood circulation, Mr. Özker replied that each had its parti-
cular advantages, l33Xe by virtue of its rapid cellular uptake and 20IT1 by virtue of 
its long retention. Quantitative studies could be carried out with 201T1, but needed 
to be supplemented by visual studies with 99Tcm pertechnetate. With the latter, 
visual and quantitative studies could be carried out in combination. Short term 
studies with 99Tcm pertechnetate avoided recirculation in the liver via the hepatic 
artery; different degrees of abnormality in the portal circulation could then be 
characterized in terms of their Sis. He added that lipophilic 99Tcm agents might pro-
vide more accurate quantitative information by virtue of their longer retention. He 
and his group were currently studying 99Tcm HMPAO in this regard. 



IAEA-SM-304/55 

SCINTIGRAPHIC FUNCTIONAL STUDY 
OF GALLBLADDER DYNAMICS 
IN A DEVELOPING COUNTRY 

A. FORADORI, P. ORELLANA, C. COVARRUBIAS, 
V. VALDIVIESO, S. ASTUDILLO 
School of Medicine and Clinical Hospital, 
Catholic University of Chile, 
Santiago, Chile 

Abstract 

SCINTIGRAPHIC FUNCTIONAL STUDY OF GALLBLADDER DYNAMICS IN A 
DEVELOPING COUNTRY. 

The frequency of cholelithiasis in Chile is high. The ethiopathogeny of this disease is 
multifactorial and the gallbladder physiology probably has a relevant role in it. The authors 
considered the characterization of gallbladder dynamics in a reference population in basal 
condition and after the physiological stimulus of a standard liquid food. 185 MBq of 9 9 T c m 

DISIDA was administered to 19 young adults following a biliary echographic study which 
produced normal results (11 males, 8 females with an average age of 21.7 years) and after 
60 min of equilibration (when gallbladder activity was well delimited with almost nil hepatic 
activity) the area of interest was centred on the gallbladder area. The basal activity was evalu-
ated over a period of 10 min; thereafter a liquid diet was ingested and activity in the area of 
interest was observed over 90 min. In all cases spontaneous passage of activity to the duodenal 
area in the fasting period was found. Two types of gallbladder emptying were characterized: 
Type I, fast emptying, (n = l l ) an ejection fraction at 30 min of 50%, and Type II, slow 
emptying ( n = 8 ) with a 30 min ejection fraction of only 17%. Both groups showed a biphasic 
component in the gallbladder kinetics; no significant differences between the sexes were 
detected. The consistency of the type of emptying in each individual was evaluated and found 
reproducible after 6 months. To characterize these findings further gallbladder kinetics were 
evaluated under a standard pharmacological stimulus of IV administration of octapeptide 
cholecystokinin (CCK-8) with a physiological dose of 14 pMol/kg per hour. Four individuals 
with secretory pattern type I and 6 individuals with excretory pattern type II were èvaluated. 
Under CCK-8 stimulation the type I individuals did not change their basic pattern of excretion 
while type II individuals accelerated their excretion, with similar curves as described previ-
ously for type I. The authors conclude that hepatobiliary scintigraphy is a valid noninvasive, 
quantitative procedure to evaluate gallbladder dynamics. 

2 0 9 
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1. INTRODUCTION 

The frequency of biliary lithiasis in Chile is the highest reported in the world 
medical literature. It is more frequent in women, increasing with age, and in the 
50-60 year age group about 55% of women suffer from this disease. The chemical 
composition of calculi is variable; however, most of them are cholesterol related. 

The literature reports the physico-chemical structure of the biliary secretion as 
the primary factor in the aetiology of lithiasis. However, gallbladder dynamics 
should be evaluated as a contributing factor. 

The gallbladder must be considered as a dynamic organ mainly dedicated to 
the accumulation and, when requested, the evacuation of bile to the gastrointestinal 
tract. Gallbladder kinetics is proposed as an additional function to be evaluated in 
the genesis of biliary lithiasis. 

The physiological regulator of gallbladder dynamics is an octapeptide, 
cholecystokinin, secreted by the epithelial cells of the upper small intestine in 
response to the passing of foods from the stomach to the duodenum, particularly with 
food rich in proteins and lipids. 

This paper discusses the analysis of gallbladder dynamics by selective scinti-
graphy in a reference population. 

2. METHODS 

A group of healthy young adult volunteers was selected (19 individuals) by 
careful clinical screening, including abdominal echotomography. The average age 
was 21.7 years, with 11 males and 8 females. After an overnight fast, at about 
9 a.m. each individual received an intravenous dose of 5 mCi (185 mBq) of 99Tcm 

DISIDA. 
The individual was placed in the dorsal position under the gamma camera and 

when liver activity was almost nil and the gallbladder well delimited the study was 
initiated. Basal gallbladder activity was recorded every minute for 10 minutes and 
then a stimulus was applied to induce the active emptying of the gallbladder. The 
activity in the area of interest was monitored every third minute and recorded for 
approximately 90 minutes. 

In the first stage of the protocol the physiological stimulus was a standard 
liquid diet with a volume of 300 mL (with 16 g protein, 51 g carbohydrates and 40 g 
lipids); in a second stage we used a continuous intravenous infusion of a synthetic 
cholecystokinin octapeptide (CCK-8) over 60 min using an automatic infusion pump 
at a rate of 14 pMol/kg weight per hour. 

The standard diet stimulus protocol was repeated in 50% of the subjects after 
a four month interval to evaluate the individual reproducibility of the gallbladder 
kinetics. 
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FIG. 1. Gallbladder emptying over time following a liquid food stimulus (\) with differentia-
tion between types I and II. 
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FIG. 2. Characterization of gallbladder activity over time in a type I subject after a liquid 
food stimulus. 
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FIG. 3. Reproducibility of the average values for types I and II gallbladder activity after a 
liquid food stimulus and after a four month interval. 
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FIG. 4. Comparison of type I response with liquid food and CCK-8 (average values). 
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FIG. 5. Comparison of type II response with liquid food and CCK-8. 
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FIG. 6. Comparison of type I and type II responses after the administration of CCK-8 
(average values). 
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Standard kinetic parameters such as residual and ejected fraction were calcu-
lated and plotted against time; no further curve analysis was done. All data were 
corrected by 99Tcm decay factor using standard tables. 

When necessary, statistical comparisons were made using Student's T test, 
assuming as significant a p ratio less then 0.001. 

3. RESULTS 

As expected, the liver, biliary and gallbladder structure contrasted normally in 
all individuals with no problems in the definition of the area of interest. 

As reported, we observed the spontaneous passage of bile to the duodenum 
without our stimuli; in a few subjects we observed the intestinal transit of the 
DISIDA even before contrasting the gallbladder silhouette. 

When the liquid diet was used as the physiological emptying stimulus of the 
gallbladder we observed clearly two groups of kinetics: 

— Type I (11 individuals, 5 males and 6 females), with a rapid ejection fraction 
with at 90 minutes only 33.4 + 11% of the initial dose in the bladder. 

— Type II (8 individuals, 6 males and 2 females), with a very slow emptying of 
the gallbladder and a residual activity of 63 ± 10% at 90 minutes. 

Figure 1 shows the complete data for both types. These are statistically differ-
ent (p < 0.001). 

Sex was not a relevant factor and no statistical difference was found by the 
T test. 

The descriptive analysis of the type of emptying suggests in type I a two step 
phenomenon: a very fast initial emptying in the first 30 minutes and a second very 
slow component. Figure 2 shows a typical curve. 

In type II emptying no such phenomenon was found. The reproducibility of the 
type of emptying of the gallbladder is shown in Fig. 3. It can be seen that after a 
time interval of four months each individual maintains the original type of gall-
bladder emptying kinetics. 

In ten subjects we evaluated the kinetics of the gallbladder emptying by a 
continuous physiological infusion of CCK-8 (see Section 2). Four individuals with 
type I kinetics showed no difference when stimulated by CCK-8 infusion (Fig. 4). 
On the other hand, six individuals with typical type II kinetics after liquid food 
stimulus and CCK-8 infusion accelerated their emptying, with no difference from 
type I kinetics (Fig. 5). 

A standard T test suggested there was no difference between the two groups 
under CCK-8 stimulus (Fig. 6). 

Furthermore all ten cases (four type I and six type II) with CCK-8 stimulus 
showed the two components of the kinetics previously described for type I with 
liquid food stimulus. 



IAEA-SM-304/5 2 1 5 

4. DISCUSSION 
> 

Biliary scintigraphy in the dynamic mode was evaluated in a healthy voluntary 
group, using previously reported methods [1-5]. We found that, as expected, a vari-
able proportion of liver biliary secretion drains directly to the duodenum; however, 
the kinetics of gallbladder emptying follows a well defined pattern under a lipid, 
protein, standard liquid diet. 

We found two modes of gallbladder emptying: 

(a) A two component fast mode (type I) 
(b) A simple component slow mode (type II). 

These gallbladder kinetics modes have not previously been reported in the 
literature. No clear explanation was found and no sex correlation was determined in 
our group. 

We also found that the two types of emptying kinetics of the gallbladder were 
no longer evident when the stimulus was an infusion of exogenous CCK-8 at the 
physiological rate. 

Our data support the hypothesis that the mode of gallbladder kinetics (type I 
or II) is associated with the endocrine regulation of gallbladder contraction and func-
tionality of the sphincter of Oddi. 

Current studies are under way to evaluate gallbladder kinetics in a pathological 
group with biliary lithiasis and to correlate the kinetic type with the plasma concen-
tration of endogenous cholecystokinin. 
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DISCUSSION 

Replying to a question regarding the diet of the subjects in the work presented, 
Mr. Foradori stated that no detailed records of their individual dietary intakes had 
been kept, but an evaluation of their common dietary habits had been made so that 
gross deviations might be excluded. 

A speaker commented that in Switzerland a lower incidence of cholelithiasis 
was observed in the French-speaking population, as compared with the German 
speaking population. This could be largely dietary in origin. He enquired whether 
any such difference was observed in Chile between the subjects of European and 
indigenous stock. Mr. Foradori replied that the subjects studied in the work reported 
had been university students mainly of European stock. He had no corresponding 
data on indigenous subjects. 

Asked whether in his view Type II subjects were more likely to develop 
cholelithiasis than were those of Type I, he said that while this might be taken as 
a working hypothesis, evidence to support it was lacking. He and his co-workers 
were currently examining the patterns of endogenous secretion of cholecystokinin in 
Type I and Type II subjects. 
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Abstract 

ROLE OF HEPATOBILIARY SCINTIGRAPHY IN BILIARY ASCARIASIS. 
Following the introduction of immunodiacetic acid (IDA) compounds labelled with 

9 9 T c m , hepatobiliary scintigraphy has successfully been used to identify a variety of 
hepatobiliary pathologies. This study deals with the scintigraphic findings in patients having 
involvement of the hepatobiliary system with ascariasis. Patients clinically suspected of having 
hepatobiliary pathology were routinely sent for radionuclide evaluation of the hepatobiliary 
system. 9 9 T c m HIDA, EHIDA or BULLIDA was injected under the gamma camera and one 
min frames were collected for 40 min over the abdominal region using an on-line computer. 
After the sequential study was over, if the gallbladder was not visualized, late pictures were 
taken until the gallbladder was seen or for 4 hours, whichever was earlier. When the gallblad-
der was visualized, post-fatty-meal images were made for visual analysis and time/activity 
curves were generated over regions of interest for further evaluation. Patients having total or 
partial subhepatic biliary channel obstruction with or without dilatation of intrahepatic ducts 
were subjected to endoscopic retrograde cholangio-pancreatography (ERCP) within the next 
two to three days. Out of 360 patients thus evaluated, 84 (23%) showed partial, total or near 
total subhepatic obstruction. In 55 cases the whole biliary tree was dilated; in 17 cases the left 
hepatic duct and the common bile duct (CBD); in seven cases the left hepatic duct alone, and 
in five cases the CBD alone. ERCP findings were concurrent in most cases. However, in 13 
cases no abnormality of the biliary tree could be detected by ERCP, although worms were 
found in the duodenum. In 28 cases single or multiple worms were found inside the 
hepatobiliary channel. Video recordings of the ERCP revealed in some cases that the worms 
were moving in and out of the biliary channel. In 41 cases of proven biliary ascariasis, scinti-
graphic finding was indicative in all cases. Hepatobiliary scintigraphy appears to be a useful 
method in the diagnosis of biliary ascariasis. 

* Present address: Department of Nuclear Medicine, Sanjay Gandhi Post-Graduate 
Institute of Medical Sciences, Raebareli Rd, Lucknow-226 001, India. 
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h INTRODUCTION 

Roundworm (ascariasis) infection is one of the most common helminthic 
diseases in humans [1]. Hundreds of millions of people are involved in countries 
where the standards of public health and personal hygiene are low. The adult round-
worm Ascaris lumbricoides usually lives in the intestinal lumen without producing 
any significant symptoms. However, when aggregated into masses, roundworms 
may cause intestinal obstruction, volvulus, or perforation of the bowel. They may 
also enter any accessible passage and cause local problems [2]. Ascaris invasion into 
the biliary tree is known to cause biliary colic, recurrent pyogenic cholangitis, 
cholecystitis, and pancreatitis [3, 4]. There may be formation of biliary calculi that 
contain ova and fragments of adult worms [5]. The magnitude of the problem of 
biliary ascariasis in an endemic area may be underestimated in the reported cases, 
as the worms move actively into and out of the biliary tree from the duodenum [6, 7] 
and are usually not present in the ducts at the time of surgery. Kashmir valley is an 
endemic area for widespread roundworm infection in India. This study is devoted 
to assess the value of hepatobiliary scintigraphy in the diagnosis of biliary ascariasis. 
Because of its noninvasive nature and its potential of giving grob morphological as 
well as functional information; hepatobiliary scintigraphy is extensively used as a 
first line of investigation in suspected cases of hepatobiliary disorder. 

2. MATERIALS AND METHODS 

From December 1982 to December 1986 a total of 360 patients having 
symptoms suggestive of hepatobiliary disorder were subjected to hepatobiliary scin-
tigraphy. Of these, 84 (23%) patients showed partial, total or near total subhepatic 
obstruction. In most cases either the whole biliary tree or a part of it was dilated. 
All patients showing dilatation of the biliary tree were subjected to endoscopic retro-
grade cholangio-pancreatography (ERCP) within the next 2-3 days. In most of the 
cases sonography was also done. Routine haemogram and liver function tests includ-
ing amylase determination were carried out by standard methods. Oral cholecysto-
graphy was performed in anicteric patients with intact gallbladder. ERCP was done 
using a JFB-3 side-viewing duodenoscope. 

For hepatobiliary scintigraphy patients were asked to come in with an empty 
stomach. 99Tcm HIDA, EHIDA or BULLIDA was injected into patients lying under 
the gamma camera (ZLC-750-Siemens) and one min frames were collected for 
40 min over the abdominal region using an on-line computer. 

After the sequential study was over, if the gallbladder was not visualized, late 
pictures were taken every 30 min until the gallbladder was seen or for 4 h, 
whichever was earlier. If the gallbladder was visualized, a fatty meal was given and 
30 min after the meal a static image of the abdominal area was taken. Time/activity 
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curves were generated over various regions of interest for further evaluation. 
Patients showing dilatation of the biliary tree or part of it were scheduled for ERCP 
within the next two to three days. In some cases sonography was done. Clinical 
features, ERCP findings and other relevant factors were considered for establishing 
the aetiology of the biliary channel dilatation. Out of 84 cases, 41 patients were diag-
nosed to have involvement of the biliary tract with ascariasis. In 28 cases single or 
multiple worms were seen in ERCP. In 13 cases, though no worms could be seen 
in the biliary tree, the patients were considered to have biliary ascariasis on the 
following criteria: (a) history of biliary symptoms similar to those of patients with 
proven biliary ascariasis, (b) ERCP visualization of roundworms in the duodenum, 
but not in the biliary tree, (c) relief of symptoms after effective anthelmintic therapy, 
and (d) no other apparent cause of the biliary symptoms. In four such cases 
hepatobiliary scintigraphy was repeated which showed no significant abnormality. 

3. RESULTS 

Roundworm infection was predominantly a disease of adult women. The study 
comprised 36 women and 5 men with a mean age of 31 a (range 12-55 a). The dura-
tion of symptoms was 5.2 + 4.0 a (mean +1 SD) with a range from 1 month to 
20 a. Recurrent biliary colic mostly associated with recurrent pyogenic cholangitis 
was present in nearly all patients (Table I). Pyogenic cholangitis was defined as a 
symptom complex comprised of biliary pain, high fever with rigors, and jaundice. 
Vomiting of roundworms during biliary colic was a frequent presenting complaint. 

Out of 360 studies in 84 cases dilatation of the biliary tree was seen in 
hepatobiliary scintigraphy. The aetiological factors contributing to the dilatation of 
the biliary tree or part of it are shown in Table II. Biliary involvement was the cause 

TABLE I. CLINICAL SYMPTOMS (n=41) 

Recurrent biliary colic 

Recurrent pyogenic cholangitis 

Vomiting of roundworms 

Icteric at the time of diagnosis 

Tender enlarged liver 

Gallbladder lump 

40 (98%) 

29 (70%) 

19 (46%) 

8 (20%) 

7 (17%) 

2 (5%) 
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TABLE II. CAUSE OF DILATATION (n = 84) 

Biliary/Pancreatic ascariasis 41 (48%) 

Biliary stones 23 (27%) 

Dysfunction of papilla (?) 9 (10%) 

Carcinoma 6 (7%) 

Not known 5 (6%) 

Total 84 

TABLE III. SCINTIGRAPHIC FINDINGS IN 
BILIARY ASCARIASIS (n=41) 

Dilatation of biliary tree 16 

Dilatation of L. hepatic + CBD 13 

Dilatation of left hepatic duct 7 

Dilatation of CBD 5 

Total 41 

TABLE IV. ERCP FINDINGS IN BILIARY 
ASCARIASIS (n=41) 

Single worm in biliary tree 9 

Two worms in biliary tree 6 

Three worms in biliary tree 5 

More than three worms 3 

Worms and stone 3 

Worms in gallbladder 2 

Worms only in duodenum 13 

Total 41 
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in almost 50% of the cases. Biliary calculi were found to be the cause in almost one-
third of the patients. The various patterns of biliary tree dilatation are shown in 
Table III and the corresponding findings of ERCP are summarized in Table IV. In 
28 cases out of 41, patients' worms could be localized in the biliary tree. In 13 cases 
worms were found only in the duodenum. Through video recording it could be 
demonstrated that some of the worms were entering and coming out of the 
biliary tract through the papilla of Vateri. The dilatation seen in biliary scintigraphy 
in these patients might have been due to the presence of worms in the biliary tree 
during the investigation which had come out when ERCP was done. In three patients 
stones were found in addition to worms in the biliary tree. Two stones were located 
in the common bile duct and one was in the intrahepatic duct. Histological examina-
tion of the stones revealed gravid roundworm segments in the centre of these stones. 

4. DISCUSSION 

In this study the role of hepatobiliary scintigraphy in the infiltration of the 
biliary system by roundworm has been analysed. In the north of India ascariasis is 
a very common finding. Biliary ascariasis is the causative factor in a large portion 
of the hepatobiliary diseases. Biliary disorders caused by roundworms are common 
in Africa, the Far East and Latin America [3-7]. In the USA and Europe ascariasis 
is rare and only occasional cases of roundworm invasion into the biliary tree have 
been reported [8]. Although children are more susceptible to roundworm infection, 
biliary ascariasis was predominantly seen in adult women. Children may escape 
invasion of the biliary tract by the worms because of their narrow biliary passages. 

Hepatobiliary scintigraphy can be very useful in the diagnosis of biliary 
infiltration by ascariasis. If clinical symptoms are suggestive of biliary ascariasis, 
dilatation of the biliary tree or a part of it can indicate the presence of worms in the 
biliary tract. A repeat of the study after anthelmintic treatment, if the results are 
normal, can confirm the diagnosis. ERCP is of course an excellent tool in the diagno-
sis of biliary ascariasis. Worms can be demonstrated in the biliary tree and move-
ment of worms into and out of the biliary tree can be documented. However, it is 
an invasive procedure and may not be possible in some cases. Within certain limits 
sonography is also capable of demonstrating the presence of worms in the biliary 
tree. This needs a great amount of experience. 

5. CONCLUSIONS 

In an endemic region where helminthic disease is common, biliary ascariasis 
may be the most important single cause of hepatobiliary disorders. Adult women are 
found to be more prone to biliary invasion by roundworms. Recurrent biliary colic 
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and intermittent pyogenic cholangitis are the most significant symptoms suggesting 
biliary ascariasis. Movement of worms into the biliary tree and out of it may be the 
cause of discordant findings in various investigations. Hepatobiliary scintigraphy 
seems to be a useful investigative tool for the diagnosis of biliary ascariasis. 
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DISCUSSION 

Asked whether he had encountered any case of biliary ascariasis in which the 
diagnosis had been made by hepatobiliary scintigraphy alone, without ERCP or 
ultrasonography, Mr. Das replied that hepatobiliary scintigraphy could show no 
more than biliary tree involvement, but that in association with other clinical evi-
dence, which was often very specific, it could suggest the diagnosis. Anthelminthic 
treatment could then be initiated. If the results were found to be normal when scinti-
graphy was repeated after treatment, the diagnosis could be considered as confirmed. 

A speaker commented that the pattern of obstruction in biliary ascariasis could 
vary considerably. Worms could move freely into and out of the biliary tree, some-
times without causing obstruction. Other causes of obstruction could coexist. He 
himself considered the value of hepatobiliary scintigraphy in this condition doubtful. 
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Abstract 

EVALUATION O F THE HEPATOBILIARY FUNCTION WITH 9 9Tcm EHIDA IMAG-
ING DURING TOTAL PARENTERAL NUTRITION. 

Fourteen surgical patients with non-hepatobiliary diseases were studied with 9 9Tcm 

EHIDA imaging to evaluate the effect of total parenteral nutrition (TPN) on the hepatobiliary 
function. The duration of TPN ranged from 6 to 56 days; for 10 of the 14 patients it was 
between 6 to 10 days. The results showed that: (1) 11 of 14 patients had abnormal scinti-
graphic features. The most prominent findings were delayed liver excretion and prolonged 
blood clearance time. This fact suggests that not only the rate of excretion of the bile from 
the liver is decreased but the uptake ability of the hepatocyte is also impaired. (2) The effect 
of TPN on liver function is reversible. The authors conclude that in order to prevent irreversi-
ble damage of hepatobiliary function caused by TPN, the duration of TPN should not be too 
long and oral intake of nutrients should be resumed as soon as possible. 

1. I N T R O D U C T I O N 

During the past 10 years, IDA imaging of the hepatobiliary (HB) tract has 
become the most valuable diagnostic tool in the evaluation of patients with suspected 
HB disorders. The images thus obtained offer not only the anatomic structure but, 
more important, also the metabolic function of the HB system. 

In recent years the number of patients receiving total parenteral nutrition 
(TPN) as support therapy before or after an operation has rapidly increased. But an 
increased risk for the development of cholecystitis and cholelithiasis in such patients 
was also noticed [1-3]. 

In 1982 Shuman et al. found that 92% of 17 patients on TPN showed absent 
or delayed visualization of the gallbladder without physical or clinical evidence of 
cholecystitis [4]. In 1983 and 1987 similar findings were also reported [5, 6]. The 
present study was a further step to get a better understanding of the effect of TPN 
on the HB function, using 99Tcm EHIDA (diethyl-IDA) imaging in a group of surgi-
cal patients with non-hepatobiliary diseases requiring TPN. 

2 2 3 



TABLE I. CLINICAL DATA AND ANALYSIS OF RESULTS 

G 
№ 

в 

Scan 

1 M 42 Gastric ulcer pre-TPN N 9 0 ABN (3), (4) 

2 M 49 Gastric ulcer pre-TPN N 9 0 ABN (2), (3), 

3 M 49 Gastric ulcer pre-TPN N 9 1 ABN (3), (5) 

4 M 29 Duodenal ulcer pre-TPN N 6 1 N 

5 M 20 Malignant lymphoma pre-TPN N 8 2 N 
of the stomach 

HB imaging 

Patient „ Age 
Sex Clinical diagnosis 

N o - (Уеаг5> Control 
TPN Time of study 

Time of study Scan (days) (days after TPN) 



6 M 58 Malignant lymphoma 
of the stomach 

pre-TPN 

7 F 59 Cancer of stomach pre-TPN 

8 F 47 Cancer of stomach pre-TPN 

9 F 78 Cancer of colon pre-TPN 

10 F 35 Cancer of colon pre-TPN 

11 F 52 Crohn's disease pre-TPN 

12 M 27 Multiple intestinal 
fistulas 

107 days 
after TPN 

13 M 22 Crohn's disease 12 days 
after TPN 

14 M 38 Crohn's disease 93 days 
after TPN 

ABN: abnormal; N: normal; (1), (2), (3), (4), (5): category of abnormality. 

N 10 ABN (3), (4) 
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2. MATERIALS AND METHODS 

2.1. Patients 

Fourteen surgical patients (9 men, 5 women, age: 20-78 years, mean 
43.2 years) with non-hepatobiliary diseases who received a course of TPN for at 
least six days were selected. The liver function tests including SGPT, bilirubin and 
icteric index of each patient before and during TPN were all normal. 

All patients received the same hyperalimentation solutions according to the 
PUMC hospital protocol. Duration of TPN ranged from 6 to 56 days; for 10 of the 
14 patients it was from 6 to 10 days. 

2.2. Methods 

HB imaging was performed before, during or soon after TPN on 11 patients 
and during and after resumption of oral intake at 12, 93 and 107 days respectively 
on three patients who were unable to have pre-TPN study due to severity of the 
disease. 

Each patient (fasting for at least 12 hours in the case of the pre-TPN study) 
received an intravenous injection of 5 mCi 99Tcm EHIDA and anterior images were 
obtained at 0, 1, 2, 5, 10, 20, 30, 40, 50, 60, 80, 100 and 120 min. All data were 
simultaneously recorded with a computer and time/activity curves over the heart, 
liver and gallbladder were generated, giving: (1) blood clearance curve, H, (2) 
hepatic extraction and excretion curve, L, and (3) gallbladder concentration and 
excretion curve, GB. The percentage of radioactivity in the cardiac and hepatic 
regions at 120 min was calculated (the peak activity being set as 100%). 

3. RESULTS 

Normally the liver image appeared between 1-5 min after the administration 
of the tracer. Gallbladder and duodenum were visualized between 10-30 min. 
Prolonged fasting caused no contraction of the gallbladder and no tracer to be found 
in the small intestine. Fatty meal or intravenous administration of cholecystokinin 
induced gallbladder emptying. 

HB imagings obtained from 11 patients before TPN and three after resumption 
of oral intake were all normal and served as controls. 

The functional change indicated by the time/activity curves was much more 
sensitive than indicated by the images. The peak of liver activity in general appeared 
at 5-15 min. The cardiac activity at 2 hours was 1-2% and that of the liver less than 
8% of the peak activity. 
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During or soon after TPN, 11 of 14 patients had abnormal scintigraphic fea-
tures. The abnormalities were classified into five categories: (1) non-visualization of 
the gallbladder, 4 cases; (2) delayed visualization of the gallbladder, 1 case; (3) 
delayed excretion of the tracer from the liver (persistence of liver image), 7 cases; 
(4) prolonged blood clearance of the tracer, 6 cases; (5) delayed excretion of the 
tracer into the bowel, 4 cases. Three of the cases with normal scintigraphy were 
studied one, two and six days respectively after TPN was discontinued. Data of 14 
patients investigated are summarized in Table I. 

The delayed excretion of the tracer from the liver is often associated with 
prolonged blood clearance of the tracer. For example: Case 6, A 58-year-old male 
with malignant lymphoma of the stomach received TPN before a subtotal gastrec-
tomy. His 99Tcm EHIDA imaging 6 days before TPN was normal. The follow-up 
imaging, performed after 10 days of TPN, demonstrated that the excretion of the 
tracer from the liver was significantly delayed, while the gallbladder concentrated 
the tracer very slowly and the excretion of the tracer into the bowel not only was 
delayed but the amount was scanty. 

These changes were even more clearly shown by the time/activity curves. 
After TPN, the declining of the cardiac curve was much slower; the liver curve was 
flattened and its peak delayed, and the gallbladder curve rose very slowly. At 
2 hours, the cardiac activity was 5% (Pre-TPN, 1%) and that of the liver 65.9% 
(pre-TPN, 8%) (Figs 1, 2). 

The follow-up w Tc m EHIDA imaging was performed during TPN for nine 
patients; 1 day after TPN for two patients; two, three or six days after TPN for each 
of three patients. The relationship between the result of HB imaging and time of 
study is shown in Table II. 

4. DISCUSSION 

It is well recognized that liver function abnormalities and gallbladder diseases 
are commonly associated with TPN therapy. Fatty infiltration of the liver was 
reported in patients after only 48 hours of TPN [7]. 

Although the exact aetiology is unclear, it is postulated that changes in the bile 
composition, toxic effect of amino acids on hepatocytes, absence of neural and hor-
monal stimuli during fasting causing decreased gallbladder contraction in conjunc-
tion with failure of the sphincter of Oddi to relax, etc., lead to bile stasis, biliary 
sludge and, ultimately, cholecystitis and cholelithiasis [7, 8]. 

Our data also showed that although the duration of TPN received by our 
patients was not long (the majority being within 10 days), the hepatobiliary function 
was already abnormal. The most prominent findings were delayed liver excretion 
and prolonged blood clearance time (50% of the cases). These facts suggest that not 
only the rate of excretion of the bile from the liver is decreased (bile stasis), the 
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FIG. 1. Case 6. (a) Normal "Tcm EHIDA imaging, 6 days before TPN; (b) Follow-up 
imaging after 10 days of TPN. 
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FIG. 2. Time/activity curves of heart (H), liver (Lj and gallbladder (GB). DIV = division. 

TABLE II. RELATIONSHIP BETWEEN THE RESULT OF HB IMAGING AND 
TIME OF STUDY 

Time of study 
(days after TPN) 

0 9 9 0 

1 2 1 1 

2 1 0 1 

3 1 1 0 

6 1 0 . 1 

HB imaging 
Number of 

patients 
Abnormal Normal 

Total 14 11 3 
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FIG. 3. Case 3. Comparison of time/activity curves before and after TPN therapy. 

TABLE III. LIST OF REFERENCES ON THE EFFECT OF TPN ON GALL-
BLADDER VISUALIZATION 

Authors 
Number 
of cases 

Duration 
Gallbladder visualization 

Authors 
Number 
of cases of TPN 

Normal Non-visualization Delayed visualization 

Shuman et al. 17a 2 days- 5 6 a 6 
(1982) [4] 2 months 

Potter et al. 4 1 .5-10 days 2 2 0 
(1983) [5] 

Sipp et al. 9 5 - 2 7 days 7 2 0 
(1987) [6] 

a 1 case with acute cholecystitis. 

uptake ability of the hepatocyte is also impaired (Fig. 2), the decrease in rate of bile 
excretion appearing earlier than the decrease in blood clearance rate. 

In case 3, a 49-year-old male with gastric ulcer, the 99Tcm EHIDA imaging 
performed before TPN was normal. After nine days of TPN, a follow-up study was 
done. The main abnormal finding was the delayed excretion of the tracer from the 
liver. The liver activity at 2 hours was 15% of the peak activity (pre-TPN, 4%), but 
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the blood clearance was within the normal range, 2% at 2 hours (pre-TPN, 1%) 
(Fig. 3). 

In the literature, there were only three reports (30 cases) studying the effect 
of TPN on hepatobiliary tract with 99Tcm IDA imaging [4-6]. The summary of 
results is shown in Table III. 

Four of Shuman's patients with non-visualized gallbladder undergoing 
cholecystectomy had normal gallbladder filled with jelly-like viscous thick bile. But 
von Berge Henegouwen and Hofmann reported that more than half of the bile 
secreted during an overnight fast passed directly into the duodenum instead of into 
the gallbladder. Therefore, fasting may be the primary cause of gallbladder non-
visualization [9]. Unfortunately, neither Shuman, Potter nor Sipp mentioned the time 
of bowel visualisation, changes of blood clearance and liver excretion rate when gall-
bladder was not visualized. 

In our results, four cases with gallbladder non-visualization exhibited 
pronounced bowel activities and normal liver excretion rate. Therefore, it is difficult 
to differentiate whether this abnormal finding is due to the effect of TPN or fasting 
or both. 

We also noticed that the effect of TPN on liver function is reversible, since 
all nine cases studied during TPN showed abnormal hepatobiliary imaging, while 
three of five cases studied 1-6 days after discontinuation of TPN showed normal 
imaging and three cases with abnormal findings during TPN also showed normal 
imagings when repeated studies were performed 12-107 days after resumption of 
oral intake. 

Case 3 was studied thrice: the first imaging was normal (pre-TPN), the second 
abnormal (1 day after TPN) and the third again normal (114 days after TPN). 

We conclude that 99Tcm EHIDA hepatobiliary imaging is a sensitive and use-
ful test in the evaluation of hepatobiliary function during TPN. In order to prevent 
irreversible damage of hepatobiliary function caused by TPN, especially the occur-
rence of cholecystitis and cholelithiasis, the duration of TPN should not be too long 
and oral intake of nutrients should be resumed as soon as possible. 
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DISCUSSION 

A speaker supported Ms. Chou's opinion that TPN of surgical patients should 
be discontinued as early as possible. He pointed out, though, that absent or delayed 
visualization of the gallbladder in hepatobiliary imaging of such patients during TPN 
did not necessarily indicate acute cholecystitis. It might, for example, simply be the 
result of abdominal pain. Ms. Chou agreed that this was so. Prolonged fasting or 
even the intake of food before imaging could have the same effect. However, as 
shown in the paper, the rates of clearance of the tracer from the blood and elimina-
tion from the liver could be used as more specific parameters for monitoring 
hepatobiliary function. 
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Abstract-Résumé 

VALUE OF OESOPHAGEAL SCINTISCANNING IN THE LOCATION OF GASTRO-
OESOPHAGE AL REFLUXES. 

Since 1987, with the use of a gamma camera coupled with a computer, 92 oesophageal 
cinescintigrams have been made for the purpose of investigating refluxes in patients with pul-
monary or digestive pathology. Where refluxes are present, the scintigraphic parameters are 
compared with the clinical and fibroscopic data. 

INTERET DE LA SCINTIGRAPHIE ŒSOPHAGIENNE DANS LA RECHERCHE DES 
REFLUX GASTRO-ŒSOPHAGIENS. 

Depuis 1987, on a réalisé, à l 'aide d 'une gammacaméra couplée à un ordinateur, 
92 cinéscintigraphies œsophagiennes à la recherche de reflux chez des patients porteurs d 'une 
pathologie pulmonaire ou digestive. En cas de reflux, on compare les paramètres scinti-
graphiques aux données cliniques et fibroscopiques. 

1. INTRODUCTION 

Nous nous proposons d'étudier le reflux gastro-œsophagien par technique 
isotopique chez 92 patients explorés au cours des années 1987 et 1988 au Service 
de médecine nucléaire de l'Institut Salah-Azaïz. 

Tous ces examens ont été demandés à titre systématique devant une 
Symptomatologie respiratoire ou digestive traînante [1-3]. 

Les paramètres extraits de l'étude isotopique sont comparés aux données 
cliniques et éventuellement fibroscopiques. 

2 3 5 
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2. MATERIEL ET METHODES 

2.1. Matériel 

L'échantillon comprend 92 malades. L'âge moyen est de 43 ans avec une 
déviation standard de 17 ans et des extrêmes allant de 7 à 74 ans. Les deux sexes 
sont représentés en proportion égales. 

Les pathologies qui ont le plus souvent motivé ces explorations sont surtout 
l'asthme, les bronchites chroniques, les hernies hiatales, le pyrosis, etc. 

Globalement, 15 % des malades présentent une pathologie respiratoire pure, 
42 % une pathologie digestive pure et 34 % une pathologie mixte. 

Une fibroscopie œsophagienne a pu être réalisée chez 36 malades. 
Huit patients ont subi une chirurgie gastro-œsophagienne dont deux ont 

bénéficié d'une exploration pré- et post-opératoire. 

2.2. Méthodes 

Le patient à jeun est placé en décubitus dorsal sur la table d'examen; la tête 
de détection, située au-dessus du malade, est centrée sur la région 
gastro-œsophagienne. 

Le patient absorbe 500 /¿Ci d'une solution colloïdale marquée au technétium 
métastable et mélangée à 30 mL de lait, puis du lait non radioactif pour rincer 
l'œsophage. Pour rester dans des conditions physiologiques, aucune épreuve de 
sensibilisation n'a été utilisée. 

L'acquisition des images est réalisée sur une gamma-caméra Ohio-Nuclear 
couplée a un calculateur ADAC. L'exploration dure 30 minutes et comprend 180 
images à raison de 10 secondes chacune. Des zones d'intérêt sont dessinées autour 
de l'œsophage et de l'estomac. 

L'étude de l'évolution de la radioactivité au niveau de ces aires d'intérêt nous 
permet de dénombrer les reflux éventuels et de mesurer leur durée. Un index de 
reflux, égal au rapport de l'activité œsophagienne cumulée pendant tous les reflux 
sur l'activité gastrique initiale, est calculé. 

3. RESULTATS ET DISCUSSION 

3.1. Dépistage du reflux 

a) Sur les 92 malades explorés, 18 patients ont présenté au moins un reflux, soit 
20 % des cas. Ce taux nous paraît justifier la réalisation de cet examen à titre 
systématique quels que soient les signes d'appel. 
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b) 36 patients présentent un asthme avec, dans 21 cas, une Symptomatologie 
digestive associée. Nous dénombrons dans cet échantillon 9 personnes présentant un 
reflux, soit 25 % des cas. Ce taux ne diffère pas de celui de l'ensemble des malades 
explorés. Il justifie le dépistage du reflux gastro-œsophagien chez les asthmatiques. 
Dans le sous-groupe des patients présentant un asthme associé à une hernie hiatale, 
4 sur 7 ont un reflux, taux significativement élevé. 
c) 41 malades ont une Symptomatologie digestive pure. Six malades ont présenté 
un reflux, soit 14 % des cas. Dans tous ces cas de reflux, la fibroscopie montre une 
cesophagite. La fibroscopie est donc moins contributive en cas de positivité de 
l'exploration isotopique. 
d) 34 patients ont une pathologie mixte avec mise en évidence d'un reflux dans 
9 cas, soit 26 %. Quatre patients ayant un reflux ont été explorés par fibroscopie. 
Elle montre une cesophagite dans ces 4 cas. 

3.2. Comparaison fibroscopie-scintigraphie 

On a réalisé 36 fibroscopies. Un seul reflux est retrouvé parmi les 7 flbrosco-
pies normales; il est probable qu'il s'agit d'un dépistage précoce avant l'apparition 
des lésions œsophagiennes. Sur 29 cas d'œsophagites, 11 reflux sont retrouvés. 
S'agit-il de 18 faux négatifs? 

3.3. Sévérité du reflux 

La sévérité du reflux est appréciée qualitativement sur la courbe d'activité 
œsophagienne; elle tient compte de l'amplitude des pics de reflux et de leur nombre. 

Sur 18 reflux, 12 sont jugés sévères. Il est intéressant de noter la présence de 
3 reflux sévères chez des asthmatiques ne se plaignant d'aucune Symptomatologie 
digestive. 

3.4. Nombre de reflux 

Dans la population générale, on dénombre 61 reflux pour 17 malades avec: 

— 8 reflux chez 4 cas de pathologie respiratoire pure; 
— 18 reflux chez 5 cas de pathologie digestive pure; 
— 35 reflux chez 8 cas de pathologie mixte. 

Le nombre de reflux est donc plus faible dans les pathologies respiratoires 
pures. 
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3.5. Durée des reflux 

La durée moyenne des reflux est de 3,5 min en cas de pathologie respiratoire 
pure, de 6,4 min en cas de pathologie digestive pure, et de 3,5 min en cas de 
pathologie mixte. 

La durée du reflux est donc plus longue dans les pathologies digestives pures. 

3.6. Index de reflux 

La moyenne des index de reflux est plus faible en cas de pathologie pulmonaire 
pure (13 %) qu'en cas de pathologie digestive pure (22 %) ou associée (40 %). 

4. CONCLUSION 

La technique isotopique est un examen simple, peu irradiant. 
Pratiquée à titre systématique, cette exploration détecte un reflux dans 25 % 

des cas, taux justifiant la poursuite de cette attitude, surtout dans les cas d'asthme 
associé à une hernie hiatale. 

Les patients ayant un reflux ont toujours une fïbroscopie pathologique, mais 
la réciproque n'est pas vraie. 

Lorsque les signes d'appel sont pulmonaires, le nombre de reflux est faible, 
leur durée est courte et l'index de reflux est petit. 
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DISCUSSION 

Replying to a question as to whether barium contrast radiography was carried 
out in the work presented, Mr. Kraiem stated that some of the patients studied had 
gastrointestinal, others respiratory conditions. Only on the former were barium 
studies performed. 
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Replying to another question regarding the sensitivity of the technique used, 
Mr. Kraiem stated that the results were assessed only visually. The magnitude of the 
reflux was not estimated. In this regard, a speaker reported on similar studies', in 
which a reflux of less than 4% of the administered activity was considered normal. 

1 MELMUD, L.S. , FISHER, R.S. , Radionuclide studies of esophageal transit and gas-
troesophageal reflux, Semin. Nucl. Med. 12 (1982) 104. 
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Abstract 
DETERMINATION OF RADIONUCLIDE OESOPHAGEAL TRANSIT TIME. 

The diagnosis of oesophageal motility disorders can not be made with ease and certainty 
using conventional methods. Clinicians need noninvasive assessment of oesophageal transit 
time for two purposes. Firstly, for the differential diagnosis of patients with pain in chest and 
secondly, for the assessment of patients suffering from dysphagia or aphagia for their proper 
management. A study has been carried out to determine the normal range of oesophageal 
transit times and to study differences in transit times in different groups of patients. One 
hundred and one patients and six normal volunteers had a radionuclide study for determination 
of oesophageal transit time, using technetium-99m tin colloid as a liquid bolus. The mean 
radionuclide oesophageal transit time in normal volunteers was found to be less than six 
seconds. Prolonged radionuclide oesophageal transit time using 't50-in' and 't50-out' beyond 
normal range was seen in the presence of' oesophageal disease confirmed by conventional 
radiological methods, endoscopy and surgery. 

1. INTRODUCTION 

Oesophageal function may be affected by structural obstruction or by distur-
bance in its motility. Investigative tests for the assessment of the oesophagus are 
manifold; some of these are sensitive ways of recognizing structural abnormalities 
but are insensitive for assessing oesophageal motor function. Others are either non-
physiological, semi-quantitative, not readily available and unpleasant for the patient, 
require intubation and are invasive, or deliver high radiation dose to the patient. 
There has been growing interest in radionuclide procedures to overcome these limita-
tions. A variety of radionuclide approaches and labelled agents have been proposed 
[1-3]. Sulphur/tin colloid labelled with "Tc m is commonly used for oesophageal 
transit studies because tin colloid is not absorbed by the oesophagus or by the 
stomach, neither it is secreted by oxyntic cells of gastric mucosa. When 99Tcm tin 
colloid is given liquid, semi-solid or solid form [2,3], its passage down the oesopha-
gus provides information regarding oesophageal dysfunction. This technique has 
been applied by many investigators [1-16] and it is found that the method both objec-
tively and physiologically measures the transit time of radioactive bolus through the 

241 
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oesophagus. The study can be made entirely noninvasively. Repeated measurements 
can be made over a short period of time. Baseline data and, more important, data 
on oesophageal transit under stress can be easily recorded. The action of the drugs 
on the oesophagus and the differential diagnosis between anatomical and physiologi-
cal disorders can be made. The recent availability of scintigraphic technique for 
functional studies of the oesophageal motor activity represents a noticeable diagnos-
tic improvement regarding the pathophysiology of the oesophagus. It has been 
compared with radiographic methods and endoscopy, and is more sensitive for 
detecting and quantitating abnormalities of oesophageal transit. 

2. MATERIALS AND METHODS 

Radionuclide oesophageal transit time (OTT) study was performed in accor-
dance with the technique of Russell et al. [7]. The rate of transit of a tracer down 
the oesophagus was assessed by means of imaging its passage down the oesophagus. 

3. PATIENTS 

The study comprised the following three groups of patients: 

Group I. Six purely asymptomatic normal healthy volunteers. They were six 
males with mean age of 29 ± 5 years. 

Group II. Sixty patients with oesophageal diseases, 37 men, 23 women with 
mean age of 45.87 ± 11.06 years. They had abnormal barium studies of upper 
gastro-intestinal tract/endoscopy. 

GROUP III. Fourty-one patients with atypical chest pain, dysphagia, vomiting 
and retrosternal burning in whom endoscopy or Ba-swallow or Ba-meal ruled out any 
abnormality in the oesophagus. 

4. TECHNIQUE 

To ensure uniformity in the studies and minimize the variations in the condi-
tions under which these were performed, all patients were instructed to fast for at 
least six hours prior to the performance of the procedure. Two radionuclide (57Co) 
markers were attached to the patient's neck, one on either side of the cricoid 
cartilage, to establish the position of the upper oesophageal sphincter (UOS). The 
patient's chest was covered with a disposable apron and the patient was given a 
comprehensive explanation of the test with the opportunity to practice retaining water 
dispensed from a syringe into the oral cavity prior to a single swallow. Data were 
acquired using a Toshiba GM1-04A-2 gamma camera fitted with a general purpose 
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FIG. 2. Activity/time curves for oesophagus. 
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FIG. 3. Diagram to show how t50-in and t50-out are derived from the activity/time curve. 

low energy collimator and linked to a DEC/PDP 11/34 computer system. A 20% 
energy window centred at 140 keV was used for all acquisitions. Three separate 
swallows were performed with equal doses of radionuclide in erect, supine and 20 
degree head-down positions respectively. Camera orientation was set according to 
the patient's position. The field of view was adjusted to include the entire oesophagus 
and gastric fundus. A 10 mL bolus of water containing 18 to 20 MBq 99Tcm tin 
colloid was delivered into the mouth from a syringe. The patient was asked to 
perform a single swallow and no further swallowing was allowed for 50 seconds 
following the initial swallow. The procedure was repeated in the supine and 
20 degree head-down positions. For each of the studies a 30 second static image was 
acquired, for background correction purpose, prior to the swallowing of each 10 mL 
bolus. For each of the swallowing sequences data were acquired in list mode for a 
total period of 50 seconds with 10 or 100 ms time markers and stored on magnetic 
disc for subsequent analysis. For each of the swallowing studies, data was submitted 
to the following analysis in list mode: 

(a) Data were initially reframed to give forty 0.5 second images comprising the 
initial 20 seconds of the.study. 

(b) The reframed data were then corrected for background using the 30 second 
static image acquired immediately prior to the list mode study. 
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FIG. 4. (a) The summed image of the oesophagus. Two hot spots of activity at the top of 
image are due to cricoid markers and a sigmoid shaped hot area in the bottom right hand 
corner is the stomach. 
(b) The image showing the stomach region removed at 5% contour. 
(c) The distribution of activity within the oesophagus with time. 
(d) The summed image of the oesophagus with ROI superimposed. 
(e) The activity/time curve for the normal OTT. 
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(c) The corrected dynamic images were then summed to provide a composite 
image for delineation of the oesophagus and stomach regions. 

(d) Delineation of the oesophagus was done by using 5% contour over the 
stomach. 

(e) Region of interest (ROI) 'D4' was drawn from the level of cricoid markers 
(57Co) to the gastro-oesophageal junction. 

(f) ROI 'D4' was then divided into three equal segments, representing the upper, 
the middle and the lower third, i.e. Dl, D2 and D3 of the oesophagus (Fig. 1). 

(g) Four activity/time curves were generated for each of the four regions from 
dynamic sequences (Fig. 2). 

(h) Transit times were calculated from the peak of the activity and the time at 
which 50% of activity had left the oesophagus. t50-in and t50-out were calcu-
lated for all four ROI. The time between points A and В on the X axis (Fig. 3) 
represents the oesophageal transit time. 

(i) Simultaneously, a summed image was calculated. This image was found very 
useful in the interpretation of the data. Summed images of oesophagus, 
activity/time curves and the distribution of the activity are shown in Fig.4 
(A-E). 

Transit time was calculated for each of the groups of patients discussed previ-
ously and mean of the results were tested statistically using Student's T test. 

5. RESULTS 

5.1. Normal volunteers 

A total of 52 swallows were made by six normal volunteers in 3 different 
positions on three separate occasions. Table I summarizes the means and standard 
deviations of transit time in three different positions of patients in Group I.The mean 
transit time was found to be 4.02 + 0.94 seconds. The fastest swallow was 1.74 
seconds and slowest was 5.94 seconds. There were no significant differences in the 
transit time between subjects. The position of the normal person at the time of swal-
lowing did not affect the transit time significantly (p > 0.1). From these data, we 
conclude that an entirely normal swallow takes less than 6 seconds. 

5.2. Group II 

Sixty patients with oesophageal disorders had prolonged transit times in supine 
and head-down positions. However, transit times in erect positions were within the 
normal range seen in Group I (Table II). The normal OTTs seen in erect position 
in patients with proven oesophageal disease could be attributed to the effect of 
gravity on the bolus. 
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TABLE I. RADIONUCLIDE OTT IN NORMAL VOLUNTEERS (GROUP I) 

Mode of OTT No. of OTT Mean (s) SD 95% CI a p valueb 

Erect ' E ' 18 3.78 1.02 1.74-5.82 

Supine 'S ' 16 4 .10 0.92 2 .13-5 .94 p > 0.1 

Head-down ' H D ' 18 4 .18 0.88 2 .47-5 .94 p > 0.1 

a Confidence index. 
b Student's T test for unpaired data. 

5.3. Group III 

Radionuclide OTTs were within the normal range in all these patients (Table 
III) and there were no'significant differences in the p value in OTTs of this group 
when compared with those of Group I (p > 0.1). 

From Table IV it is obvious that the mean of OTT in erect position of Groups 
I, II and III lies within the normal range, i.e. 1.74 to 5.94 seconds, indicating that 
erect swallows are not sensitive means of detecting oesophageal disorders. This is 
probably due to the effect of gravity. 

When the means of supine and head-down OTTs of Group I were compared 
with those of Groups II and III, there were significant differences between the means 
of Groups I and II (p < 0.001). No significant differences were found between the 
means of Groups I and III (p > 0.1). 

Supine and head-down OTTs of each group were tested for any variation and 
both were close to each other (p > 0.1). Because of physical difficulty in positioning 
the patient in head-down position, determination of OTT in supine position is 
preferable. 

6. DISCUSSION 

One of the objectives of this study was to try to measure and define the normal 
limits of oesophageal transit time and to study the effect of position during swallow-
ing on transit time. The patient population included (1) normal volunteers, (2) those 
with oesophageal symptoms and proven oesophageal disease and (3) those with 
oesophageal symptoms with no demonstrable oesophageal pathology. In a group of 
six healthy volunteers using the t50-in and t50-out method, the radionuclide 
oesophageal transit time was measured to be less than 6 seconds. This was similar 
to values previously reported [1, 2, 6-10]. Most of the control subjects showed 



ы 
оо 

TABLE II. PATIENTS WITH OESOPHAGEAL DISEASES (Group II) 

Oesophageal No. of 
Sex 

Age in 
years 

(mean) 

Mode of OTT p value2 

disorders patients 
Sex 

Age in 
years 

(mean) Erect Supine Head-down 'E ' vs 'S ' 'S ' vs 'HD ' 

Motor 9 5 M + 4 F 47.77 ± 15.8 8.99 ± 7.13 25.5 ± 14.3 25.26 ± 14.3 P < 0.001 Р > 0.1 
disorders 

Oesophageal 8 5 M + 3 F 40.13 ± 10.22 10.80 ± 6.31 17.93 ± 6.24 16.96 ± 6.37 P < 0.001 P > 0.1 
obstruction 

Oesophagitis 21 1 4 M + 7 F 42.62 ± 9.32 4.71 ± 3.01 9.63 + 4.58 10.49 ± 5.57 P < 0.001 P > 0.1 

Gastro-
oesophageal 14 9M + 5F 48.21 ± 9.50 3.14 ± 1.15 11.50 ± 7.3 10.5 ± 7.1 P < 0.001 P > 0.1 
reflux 

Hiatus 8 4 M + 4 F 53.78 ± 8.09 3.34 ± 2.12 7.84 ± 3.34 8.52 ± 2.76 P < 0.001 Р > 0.1 
Hernia 

Total 
patients 

60 3 7 M + 2 3 F 45.87 ± 11.06 5.6 ± 4 .8 13.3 ± 9.4 13.3 + 9.4 P < 0.001 Р > 0.1 

a Student's T test for unpaired data. 
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TABLE III. PATIENTS WITHOUT OESOPHAGEAL DISEASES (GROUP III) 

Mode of OTT No. of O T T Mean (s) SD p value3 

Erect 41 3.88 1.03 

Supine 41 4.46 0.93 p > 0.1 

Head-down 41 4.34 1.08 p > 0.1 

a Student's T test for unpaired data. 

TABLE IV. MEAN, STANDARD DEVIATION AND p VALUES FOR 
STATISTICAL SIGNIFICANCE OF THE DIFFERENCE IN MEANS OF 
THREE DIFFERENT GROUPS IN THREE DIFFERENT POSITIONS 

Group Erect Supine Head-down 
( 'E ' OTT) ( 'S ' OTT) ( ' H D ' OTT) ' E ' vs 'S ' 'S ' vs ' H D ' 

I 3.78 ± 1.02 4.10 ± 0.92 4.18 ± 0.88 > 0 . 1 > 0 . 1 
( n = 1 8 ) b ( n = 1 6 ) ( n = 18) 

II 5 .60 ± 4 .80 13.30 ± 9.40 13.30 ± 9.40 < 0 . 0 0 1 > 0 . 1 
( n = 6 0 ) (n=60) (n=60) 

III 3.88 ± 1.03 4 .46 ± 0.93 4.34 ± 1.08 > 0 . 1 > 0 . 1 
(n=41) (n=41) (n=41) 

" Student's T test for unpaired data. 
b Number of OTTs. 

highly reproducible results with the bolus being propagated rapidly into the stomach 
on every occasion. The effect of gravity was noted when results of supine swallows 
were compared with those obtained in erect position. Kay and Wexler [11] have 
shown changes in the amplitude and in propagation speed of oesophageal contraction 
waves depending on whether the subject was examined in a standing or supine posi-
tion, especially when swallowing the liquid bolus. In earlier studies Kjellen 
et al. [12] also found that radioactive bolus transport in the erect position was 
accompanied by low sensitivity in dectecting oesophageal dysfunction. 

The results obtained with the supine and head-down swallows indicated that 
either of these positions are suitable. Supine, being the simplest to perform, appears 
to be the method of choice. Besides the quantitative information provided by deter-
mining the radionuclide OTT value, computerized dynamic oesophageal 
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scintigraphy also allows observation of the modality of progression of radionuclide 
bolus through the oesophagus. Some peculiar features were observed in the case of 
oesophageal achalasia; extremely delayed OTT values were associated with a 
conspicuous stasis of the bolus particularly in the middle and lower third of the 
oesophagus. On the other hand in the case of severe reflux due to hiatus hernia the 
radionuclide in the condensed image moves up and down (in yo-yo fashion) between 
the middle and lower thirds of the oesophagus, resulting in markedly prolonged 
transit time. Russell et al. and Llamas-Elviras et al. [7, 13], characterized their 
abnormal motor curves as either 'inco-ordinate' or 'adynamic'. However, we have 
not found the pattern of motility disorder to be very helpful in predicting specific 
pathologies. We found in our Group II patients that they exhibited markedly delayed 
OTT values with respect to Groups I and III. The most dramatic differences were 
observed in patients with oesophageal achalasia and scleroderma, in whom OTT was 
greater than 20 seconds as against 6 seconds in normal. However, a certain degree 
of overlap, albeit smaller, was observed in the individual range obtained in patients 
with hiatus hernia and gastro-oesophageal reflux as compared to normal. 

The diagnostic value per se of determining the OTT value as defined here 
requires further validation of study to be planned in a large series of patients affected 
by oesophageal motor disorders, using solid, semi-solid and liquid boluses. Whether 
a solid bolus is superior to liquid or semi-solid is not clear, but oespohageal transit 
findings can differ widely according to the bolus density, i.e. liquid or solid [14, 15]. 
An aqueous solution of " T c m tin colloid was used in our patients under study. A 
significant proportion of patients were not included in the study as they swallowed 
more than once during the acquisition, which led to fragmentation of the bolus. This 
in turn generated apparently abnormal histograms, making calculation of OTT 
impossible. Sand et al. [17] found residual activity in 80% of cases with fragmented 
bolus responsible for prolonged OTT. Datz et al. [18] in their study overcame such 
difficulty by using a gelatin bolus, which has higher compliance with oesophageal 
physiology than a liquid or solid bolus. Fisher et al. [19] pointed out how, in a group 
of ten control subjects, the oesophageal scintigraphic findings can differ widely 
according to the bolus density and patient's position. 

In our study we used clinical findings and upper gastro-intestinal investigations 
(UGI) as a standard technique for classifying the patients and based on these we 
found sensitivity of 90% and specificity of 80.5%. Twenty per cent (12 patients) of 
Group II had normal UGI but abnormally prolonged radionuclide OTT, which has 
several possible explanations: 

(1) Some patients may have had intermittent reflux, showing only at scintigraphy 
and not at the time of endoscopy or radiology. 

(2) Patients may have primary motor disorders which were missed by endoscopy 
or Ba-swallow, as both of these techniques provide little information about the 
function of the oesophagus. 
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(3) However, the possibility of false positive results obtained with liquid radio-
nuclide bolus cannot be ruled out. 

Radionuclide studies are unable, however, to differentiate clearly functional 
from organic obstructions so these cannot be considered as a substitute for radiology 
or endoscopy but are complementary to these techniques. Accurate definition of 
motor disorders requires oesophageal manometry, but facilities for manometry are 
not available at our institution. Llamas-Elviras et al. [13] suggested that after exclud-
ing the presence of organic lesion by endoscopy/radiology one would follow up with 
radionuclide oesophageal transit studies. If the findings were abnormal, manometric 
studies could be carried out to determine the type of disorder. If, on the other hand, 
the findings were normal then the study could be ended, thus avoiding manometric 
studies in some patients. 

Twenty-four hours manometry is probably a gold standard test of oesophageal 
function, however, in contrast with radionuclide oesophageal transit, 24 hours 
manometry and other tube tests are neither painless nor quick and consequently of 
little value for screening patients with oesophageal symptoms. Therefore radio-
nuclide OTT study can take precedence over the definitive but potentially hazardous 
diagnostic modalities in the assessment of oesophageal function since it is a simple 
and physiological test. In comparison with radiographic examination, the radiation 
dose is low, approximately one tenth of the conventional upper gastro-intestinal 
barium series. For radionuclide OTT Blackwell et al. [9] estimated the dose to the 
critical organ (colonic mucosa) to be 0.1 mGy/MBq of 99Tcm tin colloid, i.e. 
2 mGy/swallow. Nevertheless, some difficulties remain. Insufficient baseline data is 
available at present, with wide differences quoted in the sensitivity and specificity 
achieved. 

7. CONCLUSION 

Having successfully established and defined the range of normality of transit 
time, dynamic oesophageal transit study using "Tc m tin colloid can be regarded as 
a valuable, noninvasive, cheap, quick, painless, qualitative and quantitative, 
reproducible and effective method of investigation in the diagnosis of oesophageal 
disorders. 
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Abstract 

MEASUREMENT OF GASTRIC EMPTYING AND ANTRAL MOTOR ACTIVITY 
IN PATIENTS WITH PRIMARY ANOREXIA NERVOSA: METHODOLOGY AND 
PROBLEMS. 

The quantification of gastric motor activity is of great clinical importance. This investi-
gation was aimed at critically evaluating a scintigraphic method of measuring gastric emptying 
of a semi-solid meal and antral motor activity in patients with primary anorexia nervosa 
(PAN), a condition, in which gastric motility is frequently impaired. Data obtained from 
50 patients were evaluated. Twelve patients participated each in two studies, in which the 
effects of the prokinetic drug, cisapride, were compared to those of placebo under random 
double-blind conditions. A dual head gamma camera with camera heads in anterior and 
posterior positions, respectively, was used. After ingestion of the radiolabeled meal, record-
ing with 1 min frames continued for 50 min. Half-emptying times as determined under the 
assumption of a mono-exponential emptying pattern correlated perfectly with the emptying 
rate per minute as determined under the assumption of a linear emptying pattern, suggesting 
the validity of both assumptions. No initial lag phase was observed, which can be attributed 
to the semi-solid meal consistency but also the measurement geometry improved by simultane-
ous ventral and dorsal recording. PAN patients had significantly slower emptying rates than 
24 healthy volunteers studied earlier. Antral motor activity was recorded in minutes 7-10, 
27-30 and 47-50 with 3 s frames. Time/activity curves were analysed using data obtained 
from three small regions of interest positioned across the antrum. The modulation depth of 
the time/activity curves corresponding to the amplitude of contractions and the contraction 
frequency could be computed reliably in most; the propagation velocity of contractions, 
however, could only be computed reliably in a few instances. Patients showed significantly 
lower modulation depths than controls, whereas frequency and propagation velocity did not 
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differ. After cisapride, slightly higher modulation depths and significantly lower frequencies 
occurred than after placebo. It is concluded that the employed technique is a reliable tool for 
measuring gastric emptying and antral motor activity in patients with impaired gastric motor 
function. 

1. INTRODUCTION 

The measurement of the disappearance rate of a radioactively labelled test meal 
from the stomach is a widely accepted routine method for the evaluation of gastric 
emptying. The motor activity of the gastric antrum, which is believed to be closely 
related to the emptying rate of a meal, is more difficult to assess; partly because the 
demand on image analysis for such studies is much higher than for emptying studies 
and partly because no convincing method has yet been found to relate emptying to 
parameters characterizing antral motor activity. Here a method is presented which 
has been developed starting from the approach of Jacobs et al. [1]. Improvements 
of the technique of the latter authors include the use of a dual-head gamma camera 
to reduce effects of absorption, patient movement and redistribution of the test meal 
and the use of signal processing methods for the analysis of the time/activity curves 
obtained from selected regions of the images. The data of the present investigation 
were obtained from a group of patients with primary anorexia nervosa (PAN), a 
condition in which gastric emptying is frequently delayed as a consequence of, but 
also as a factor contributing to, malnutrition [2-5]. 

2. METHODS 

2.1. Subjects 

Fifty consecutive female patients diagnosed as having PAN according to the 
DSM III criteria [6] entered the study. They were between 17 and 37 years old 
(median 22.7 a); their weight ranged from 29 to 48 kg (median 38 kg). None of them 
took any medication at the time of the investigation. No special dietary instructions 
were given to the patients prior to the emptying studies, but they were instructed to 
fast from 10 p.m. the preceding day. All studies were carried out between 8 and 
10:30 a.m. 

Twelve of the patients (the cisapride/placebo group) took part in two studies 
separated by one week. Half an hour prior to the start of measurement, each patient 
of this group received, under double-blind conditions and randomized according to 
a crossover design, either 8 mg of cisapride or placebo by slow intravenous injection. 
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2.2. Measurement of gastric emptying and antral motor activity 

Five minutes preceding the start of data acquisition, the subjects ingested a 
semi-solid standard meal. The meal was prepared from 250 mL of whole milk, 15 g 
sugar, 14 g maize starch and, for flavouring, cinnamon. The meal was cooked slowly 
with continuous stirring until a semi-solid consistency was reached. It was then 
cooled to a temperature at which it could be ingested and was labelled by adding 
74 MBq of " T c m sulphur colloid. 

The radioactivity of the stomach area was recorded with a dual-head gamma 
camera (Rota-camera, Siemens, Erlangen), connected to a computer system 
(Gamma 11, Digital Equipment Corporation, Marlboro). General purpose parallel 
hole collimators were used. The two heads were positioned with the fields of view 
opposing each other exactly, and rotated to an angle of approximately 30° from the 
vertical position. The patient was seated in a specially designed armchair with the 
back of the chair tilted at 30° backwards so that the stomach area was positioned 
between the two heads. Images were recorded for each detector separately in simu-
lated dual isotope mode. This was achieved by using the z-pulses of the two heads 
to trigger the acquisition of isotopes 1 and 2, respectively, while the co-ordinate 
pulses of the heads were connected in parallel to the x- and y-inputs of the camera 
interface. 

The total acquisition time was 50 minutes. Imaging commenced immediately 
after the patients had completed the ingestion of the meal. Sequential images were 
acquired at a frame rate of one per minute. During minutes 7-10, 27-30 and 47-50 
of the recording, 80 images each at a rate of one frame per three seconds were 
acquired. 

2.3. Gastric emptying rate 

The emptying rate was calculated from a time/activity curve (TAC) generated 
from a region of interest (ROI) over the stomach region. A background ROI was 
positioned craniolaterally of the minor curve of the stomach, so that no activity in 
the stomach and the intestine could be counted in it. Both ROI were drawn on the 
ventral projection image. The same ROI were used to generate TACs of the dorsal 
projection images after mirroring them around the vertical symmetry axis. It was 
found necessary to use a generously sized stomach ROI to include the stomach 
activity also in situations in which small body movements of the patient occurred 
during data acquisition. A composite TAC was obtained by summing up correspond-
ing points of the background corrected ventral and dorsal TACs, respectively. 

The TACs of the 12 patients of the cisapride/placebo group were analysed by 
fitting all curves with both a linear and a mono-exponential function since, from 
visual inspection, it was initially not clear which emptying pattern would be fol-
lowed. For the mono-exponential model the rate constant was calculated from a 
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FIG. I. (a) Selection of three regions of interest (А, В, C) over the antrum perpendicular to 
the direction of the contraction waves, (b) Time/activity curves generated for the three regions 
of interest showing regular variations, which reflect antral contractions and are shifted against 
each other in time. 
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linear regression of log counts against time and converted to the half emptying time 
(Ti/2). Under the assumption of a linear emptying function, the regression of counts 
against time was used and the results expressed as per cent of meal emptied per 
minute. For the remaining patients only the composite curves were used and fitted 
with the mono-exponential model. 

2.4. Antral motor activity 

Three small ROI were positioned over the antrum perpendicular to the direc-
tion of propagation of the antral contraction waves in the ventral view under camera 
control. Typical positions of these ROI are shown in Fig. 1(a) . TACs were generated 
for all three time periods, i.e., minutes 7-10, 27-30, and 47-50. In some studies, 
in which a change in patient position occurred, it was necessary to shift the images 
to fit the regions to all images. The TAC data were transferred via an Ethernet 
network system to a personal computer (IBM PC/AT), on which all further calcula-
tions were performed using specially developed software. Ä PC was used because 
of the availability of software modules suitable for curve processing and the exten-
sive batch processing facilities of the operating system (PC-DOS 3.3) making it rela-
tively easy to evaluate the curves automatically. 

The generated TACs (Fig. 1(b)) contained periodic variations caused by the 
contractions. However, they also contained frequencies which did not reflect gastric 
motor activity: frequencies below 1 cycle/min, which possibly were caused by slow 
involuntary movements of the patient, and Poisson noise causing count rate fluctua-
tions well above the contraction frequencies. 

For each curve, the modulation depth m, which corresponds to the amplitude 
of antral contractions normalized with respect to the mean, was calculated under the 
assumption that the curve f(t) has the form [1] 

where the mean К of the curve f(t) is modulated sinusoidally with modulation 
depth m, frequency Í2, and phase p; m was obtained using the fact that the amplitude 
of a sine wave is proportional to the standard deviation a of the curve points with 
respect to the mean. This results in the formula 

For formula (2) to give correct estimates it is essential to remove the low 
frequency noise. This has been achieved by applying to each TAC a high-pass filter 
in the frequency domain with a cutoff frequency of 0.8 cycles/min. 

The contraction frequency was calculated from the autocorrelation function of 
the band-pass filtered curve. The filter was set to remove frequency components 

f(t) = К x (1 + m X sinO (t + p)) (1) 

m = V(2 x (a2
 - K))/K (2) 
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below 0.8 and above 5 cycles/min. The autocorrelation function usually exhibited 
a regular sinusoidal variation so that a search method to determine the distance 
between adjacent maxima could be used to calculate the dominant frequency. The 
algorithm included a rejection strategy for very poor data in situations where no 
dominant frequency could be detected. 

The propagation velocity of the contractions was calculated using the distance 
between adjacent regions and the time lag between corresponding curves. The 
distance was obtained as the difference between the centres of gravity of the regions. 
The time lag between TACs was computed using the cross-correlation function of 
the curves. Again a search algorithm with a rejection strategy was used. Propagation 
velocity was computed for the patients in the cisapride/placebo group only. 

Minutes 

FIG. 2. Composite emptying curve obtained from ventral and dorsal recording. The averag-
ing effect of adding the ventral and dorsal projection curves is clearly seen. Note the initial 
increase in count rate in the ventral curve and the corresponding decrease of the dorsal curve. 
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FIG. 3. Regression of T,A values derived from ventral and dorsal Т,л values, respectively, on 
T,A values calculated from composite curves. 

3. RESULTS 

3.1. Patients in the cisapride/placebo group 

Emptying curves obtained from either the ventral or the dorsal projection 
showed much more variation than the composite curve (Fig. 2). The variations of 
count rate showed no uniform pattern and a relative increase of the ventral counts 
after the beginning of the measurement as in the example of Fig. 2 was found as 
often as a decrease. When using ventral or dorsal projections only, the effects of 
these count rate variations on the emptying rate was significant, as demonstrated in 
Fig. 3 for the T,A values. The latter were calculated for the ventral, the dorsal and 
the composite curves. The linear regressions of the Т й values obtained from ventral 
and dorsal projections, respectively, on the Ti¿ of the corresponding composite 
curves showed that T % values were increasingly divergent for T1/; values longer 
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FIG. 4. Mean composite emptying curves after administration of cisapride (eis) and placebo 
(pla), respectively, with standard deviations (SD). 

than 60 min whereas there was reasonable agreement between values irrespec-
tive of the type of curve below this limit. The scatter around the regression lines was 
approximately the same for T.¿ values obtained from ventral (correlation coefficient 
= 0.96) and dorsal projections (correlation coefficient = 0.955). The same was true 
for the maximum deviations, which for values obtained from the ventral projections 
amounted to 35.5% and for values obtained from the dorsal projections to 34.6% 
of the corresponding composite values. Therefore, the further analysis of gastric 
emptying rates was performed using the composite curves only. 

The individual emptying curves followed a linear pattern as often as a mono-
exponential one. However, in patients with emptying rates close to the normal range, 
a mono-exponential decrease of counted activity was more common. These findings 
are reflected in the mean emptying curves, computed for the studies with administra-
tion of placebo and of cisapride, respectively (Fig. 4). Whereas the placebo curve 
with the slower emptying rate is approximately linear, the cisapride curve with the 
faster emptying rate follows a non-linear pattern. The percentage of meal emptied 
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per minute as determined according to the linear model correlated highly with the 
corresponding T,A values, as determined according to the mono-exponential model 
(correlation coefficient = 0.9995). This, together with the fact that in previous 
studies of normal subjects we have found the mono-exponential model adequate [7], 
led us to continue to use the exponential model to characterize emptying rate. 

The T,/2 values derived from the composite curves (Table I) were significantly 
shorter after the administration of cisapride than after placebo ( p < 0.001), all T,/2 

values being shorter after cisapride than after placebo. 
For the analysis of antral motor activity only the data of ten patients were used, 

those of two patients being partially corrupted due to technical defects during acqui-
sition. After preliminary tests it was decided to use only the curves from the ventral 
projections for the evaluation, since the dorsal curves contained on average only 34% 
of the counts of the antral curves and therefore had much higher count rate fluctua-
tions, while the magnitude of variations in the composite curves was found to be too 
sensitive with respect to slight inaccuracies in the alignment of the fields of view of 
both camera heads. 

TABLE I. GASTRIC HALF-EMPTYING TIMES (IN MINUTES) IN PATIENTS 
HAVING RECEIVED CISAPRIDE AND PLACEBO (n=12) 

Patient Placebo Cisapride 

1 178.2 64.2 

2 69.6 41.4 

3 192.6 28.8 

4 87.0 37.8 

5 139.8 45.0 

6 133.8 90.0 

7 143.4 92.4 

8 180.0 99.0 

9 129.6 58.2 

10 115.8 33.0 

11 124.2 54.0 

12 60.0 48.6 

Median 131.7 51.3 
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TABLE II. MODULATION DEPTH (TABLE 11(a)), CONTRACTION FRE-
QUENCY (TABLE 11(b)), AND PROPAGATION VELOCITY (TABLE 11(c)) IN 
THE TEN PATIENTS AFTER ADMINISTRATION OF CISAPRIDE AND 
PLACEBO. VALUES ARE MEANS AND STANDARD DEVIATIONS (SD) AT 
THE THREE PERIODS OF TIME AND IN THREE REGIONS OF INTEREST 
(A, B, C). 

(a) Modulation depth 

Placebo Cisapride 
Period Region Mean SD Mean SD 

A 0.11 0.04 0.12 0.06 
7-10 min В 0.16 0.08 0.16 0.08 

С 0.25 0.16 0.23 0.12 
A 0.10 0.03 0.14 0.06 

27-30 min В 0.16 0.07 0.18 0.12 
С 0.25 0.12 0.25 0.16 
A 0.10 0.05 0.14 0.07 

47-50 min В 0.16 0.10 0.17 0.08 
С 0.23 0.11 0.27 0.14 

(b) Frequency of contractions (cycles/min) 

Placebo Cisapride 
Period Region Mean SD Mean SD 

А 2.61 0.57 2.60 0.47 
7-10 min В 2.84 0.28 2.32 0.64 

С 2.93 0.34 2.79 0.22 
А 2.59 0.39 2.39 0.51 

27-30 min В 2.83 0.16 2.21 0.08 
С 2.64 0.43 2.33 0.46 
А 2.74 0.41 2.67 0.33 

47-50 min В 2.84 0.39 2.38 0.47 
С 2.88 0.36 2.44 0.36 

(с) Propagation velocity (mm/s) 

Placebo Cisapride 
Period Region Mean SD n Mean SD n 

7-10 A-B 4.7 2.0 9 4.3 1.4 5 
B-C 6.2 2.3 8 5.0 2.1 7 

27-30 A-B 4.9 3.1 8 4.4 1.6 10 
B-C 2.4 0.3 2 2.3 0.5 3 

47-50 A-B 3.0 0.0 2 1.7 0.0 1 
B-C 2.6 0.5 2 3.0 0.2 2 
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Means and standard deviations of the modulation depth are given in 
Table 11(a). The values after cisapride did not differ significantly from the values 
after placebo. There was also no demonstrable difference in modulation depth over 
the three periods of measurement after drug administration and meal ingestion. 
However, the modulation depth was higher in the oral than in the aboral ROI. 

The contraction frequencies (Table 11(b)) were significantly lower after 
cisapride than after placebo (pcO.OOl). The period of time and the oral, intermedi-
ate or aboral position of the region had no effects on this parameter. 

The propagation velocity (Table 11(c)) was slightly slower after cisapride than 
after placebo. The number of values used for the calculation of the means are 
included in Table 11(c) to indicate the proportion of successful calculations of that 
parameter. On average only one third of the computations of propagation velocity 
were successful. 

3.2. All patients 

In a previous study on 24 healthy volunteers [7], T,/2 values between 21.0 and 
118.8 min with a median Т,л of 46.8 min were found. 

In 26 of the 50 PAN patients the T,/2 was longer than the Т, / з±2 SD of the 
healthy volunteers and ranged from 97.2 to 307.2 min (median 151.8 min). Seven 
patients had T./2 values from 82.8 to 94.2 min (median, 85.8 min), which was 
between x + 1 SD and x + 2 SD of the controls, whereas 17 patients had T,/2 values 
ranging from 28.8-70.8 min (median, 55.8 min), i.e., Т й values within the range 
of the healthy controls. As a group, the PAN patients had significantly longer T>/2 

values than the controls ( p < 0.001). 
The contraction frequencies were within x ± 2 SD of the controls in 80% of the 

patients, faster frequencies were recorded in 12% and slower frequencies in 8%. The 
mean frequency of all PAN patients (3.06 cycles/min ± 0 . 0 6 SEM) did not differ 
from that in the healthy controls (3.02 cycles/min ±0.02 SEM). 

4. DISCUSSION 

It has been demonstrated by Tothill et al. [8] that unilaterally recorded 
time/activity curves do not depict the real emptying rates. This has to be attributed 
not only to the consistency of the test meal but also to the posture of the patient. 
Analysing our data, we came to the same conclusion. The changes in the amount of 
tissue absorption varied from patient to patient. Some patients exhibited shortly after 
the completion of meal ingestion an increase in count rate for the ventrally recorded 
curve, while others displayed a pronounced decrease. The composite curve, by con-
trast, showed no such pronounced initial increase and decreases of count rate, but 
instead a steady decrease (Fig. 2). The impact of distortions of count rates by 
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unilateral recording is great in patients with very slow emptying rates. As depicted 
in Fig. 3, the differences between corresponding T^ values derived from ventral 
and dorsal projections, respectively, can exceed 50% in patients with Т й longer 
than 120 min. 

Our data did not exhibit an initial lag phase of emptying as has been observed 
by several other authors [9-11]. This may partly be due to the semi-solid consistency 
of the meal, but also to the higher accuracy of the composite curves derived from 
ventral and dorsal recording, as has already been suggested by Moore et al. [12]. 
The shape of the emptying curves varies. For slow rates of emptying, the curves tend 
to be linear, whereas in patients with faster emptying rates the curves more 
frequently follow a mono-exponential pattern. In a previous study using the same 
recording technique and the same test meal [7], we found that in normal subjects 
emptying followed closely a mono-exponential pattern. On the grounds of these 
results and of the fact that, as revealed in the present study, there is an almost perfect 
correlation between measures of emptying rates derived according to assumptions of 
a mono-exponential and a linear model, respectively, we conclude that the mono-
exponential model fits satisfactorily the emptying pattern of the employed test meal. 

In the present study, antral motor activity was assessed using three separate 
regions of interest positioned across the antrum. From the TACs recorded in these 
regions, three parameters as suggested by Jacobs et al. [1] were then derived. Of 
these, the modulation depth is easy to compute even from TACs with poor count rate 
statistics. However, the modulation depth is sensitive to the position of the ROI and 
acceptable reproducibility is only obtained when using the mean value averaged over 
all of the three ROI. However, even under these conditions no significant effect of 
cisapride on the modulation depth was observed, which is surprising in view of the 
marked effect of the drug on the T¡A values. 

The frequency of antral contractions was calculated from the band-pass filtered 
curves. The position of an antral ROI is less critical for these calculations than for 
those of modulation depth. However, the computation depends on the presence of 
a periodic variation in the curve, which can be absent or obscured if the region is 
inappropriately selected. Nevertheless, in only 12% of the studies were the data 
rejected by the employed rejection algorithm. The frequency of contractions was 
diminished after cisapride, an effect which was apparently, although, not signifi-
cantly, related to the increase in modulation depth occurring after the administration 
of that drug. 

The most difficult parameter to compute was the velocity of antral contrac-
tions. This was due to the fact that the computation not only relies on the existence 
of a similarity between the TACs of adjacent antral ROI and their periodicity but also 
is much more sensitive to statistical fluctuations than the computations of modulation 
depth and frequency of contractions. Thus, unequivocal results could be obtained in 
only one third of the calculations. However, in spite of these computational difficul-
ties, a weak systematic effect of cisapride (p<0 .1 ) could be detected. 
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It is concluded that the employed technique is a reliable tool for measuring 
gastric emptying rate and antral motor activity not only in healthy individuals, but 
also in conditions of impaired gastric motor function, e.g. , in patients with PAN. 
In patients with the latter disease, the quantification of gastric motor function not 
only is of great diagnostic importance, but also provides the basis for reasoned 
therapeutic interventions, i.e. the administration of prokinetic drugs such as 
cisapride, which can serve to enhance impaired gastric emptying and thus to contrib-
ute to an amelioration of the nutritional state of the patient. 

R E F E R E N C E S 

[1] JACOBS, F., AKKERMANS, L.M.A., OEI HONG YOE, HOEKSTRA, A., 
WITTEBOL, P., "A radioisotope method to quantify the function of fundus, antrum, 
and their contractile activity in gastric emptying of a semi-solid and solid meal", Motil-
ity of the Digestive Tract (WIENBECK, M., Ed.), Raven Press, New York (1982) 
233-240. 

[2] DUBOIS, A., GROSS, H.A., EBERT, M.H., CASTELL, D.O., Altered gastric 
emptying and secretion in primary anorexia nervosa, Gastroenterology 77 (1979) 
319-323. 

[3] McCALLUM, R.W., et al., Definition of a gastric emptying abnormality in patients 
with anorexia nervosa, Dig. Dis. Sei. 30 (1985) 713-722. 

[4] STACHER, G., et al., Intravenous cisapride accelerates delayed gastric emptying and 
increases antral contraction amplitude in patients with primary anorexia nervosa, 
Gastroenterology 92 (1987) 1000-1006. 

[5] ABELL, T.L., et al., Gastric electromechanical and neurohormonal function in 
anorexia nervosa, Gastroenterology 93 (1987) 958-965. 

[6] Diagnostic and Statistical Manual of Mental Disorders, 3rd edn, American Psychiatric 
Association, Washington, DC (1980) 67-69. 

[7] STACHER,G., BERGMANN,H., HAVLIK,E., SCHMIERER,G., SCHNEIDER,С., 
Effects of oral cyclotropium bromide, hyoscine N-butylbromide and placebo on gastric 
emptying and antral motor activity in healthy man, Gut 25 (1984) 485-490. 

[8] TOTHILL, P., McLOUGHLIN, G.P., HOLT, S., HEADING, R.C., The effect of 
posture on errors in gastric emptying measurements, Phys. Med. Biol. 25 (1980) 
1071-1077. 

[9] MacGREGOR, I.L., MARTIN, P., MEYER, J.H., Gastric emptying of solid food in 
normal man and after subtotal gastrectomy and truncal vagotomy with pyloroplasty, 
Gastroenterology 72 (1977) 206-211. 

[10] COLLINS, P.J., HOROWITZ, M., COOK, D.J., HARDING, P.E., 
SHEARMAN, D.J.C., Gastric emptying in normal subjects — a reproducible tech-
nique using a single scintillation camera and computer system, Gut 24 (1983) 
1117-1125. 



2 6 8 BERGMANN et al. 

[11] COLLINS, J.P., HOROWITZ, M., CHATTERTON, B.E., Proximal, distal and total 
stomach emptying of a digestible solid meal in normal subjects, Br. J. Radiol. 61 (1988) 
12-18. 

[12] MOORE, J.G., CHRISTIAN, P.E., TAYLOR, A.T., ALAZRAKI, N., Gastric emp-
tying measurements: delayed and complex emptying patterns without appropriate cor-
rection, J. Nucl. Med. 26 (1985) 1206-1210. 

DISCUSSION 

Questioned about the stability of binding of the 9 9Tcm sulphur colloid to the 
standard meal given in the work presented, Mr. Bergmann indicated that blood 
activity measurements after its ingestion had shown negligible loss of free 9 9Tcm to 
the blood pool. Unpublished in vitro studies by Akkermans had demonstrated that 
the tracer was firmly attached to the particulate component of the meal. 

Asked whether other periodic movements, such as breathing, had affected the 
recordings of antral contractions, Mr. Bergmann stated that such movements could 
be detected in the Fourier spectra of some records, but since they were of considera-
bly higher frequency, they were removed by the band-pass filter. 
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Abstract 

TWO YEARS OF CLINICAL EXPERIENCE WITH CEREBRAL BLOOD FLOW MEAS-
UREMENTS USING "Tcm HMPAO. 

Since 1986 99Tcm hexamethylpropyleneamine oxime (HMPAO) and the single photom 
emission computer tomography (SPECT) method have been used in order to record tomo-
graphic maps of regional cerebral blood flow (CBF) in 300 patients with different types of 
brain disorders. The asymmetry index provides an objective criterion for evaluation of the 
regional tracer uptake, supporting the qualitative interpretation of scans. It is unclear which 
semi-quantitative method is preferable. The type of analysis would be dependent on the clini-
cal diagnosis. Additionally, the global cerebral HMPAO uptake, measured from the planar 
anterior projection, was calculated. It seems however, that the above mentioned indicator is 
not a good disease classifier. The CBF-SPECT method was found especially useful in patients 
with different cerebrovascular diseases, including stroke, subarachnoid haemorrhage (SAH), 
transient ischaemic attack (TIA) and in patients with partial epilepsy. CBF-SPECT study can 
complement a CT scan, arteriography or EEG examinations. In patients with brain tumours 
CBF measurement did not play an important role. Despite changes in CBF, CT scanning 
provided more specific diagnosis. It can be concluded that tomographic measurements of CBF 
provide valuable diagnostic information in many diseases of the central nervous system. Fur-
ther investigations are needed into more exact quantitative analysis of CBF as well as into 
improving the SPECT quality. 

1. INTRODUCTION 

Investigation into the pathophysiology of the central nervous system in man has 
been limited by the lack of accurate, noninvasive methods for measuring regional 
cerebral blood flow and metabolism. The 133Xe planar method has been shown to 
be insensitive and subject to artefacts, within the context of day to day clinical patient 
evaluation. Information display is in the form of number maps rather than images 
and it is only available for the cerebral cortex, with no data on deep brain structures. 
At the opposite extreme of technical complexity, positron emission tomography 
(PET) is at present the most accurate technique. However it remains extremely 
expensive and generally not available as a routine basis for clinical investigations. 

271 
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The alternative approach to the regional and tomographic investigations of the brain 
in patients is the SPECT method, despite some crucial limitations such as attenuation 
or scattering. It seems that discoveries of new radiopharmaceuticals and progress in 
the SPECT method have generated wide interest in possibilities of routine imaging 
of CBF. 

The ideal agent for the practical assessment of regional CBF can be defined 
as neutral and lipophilic to enable passive diffusion across the lipid bilayer; the 
extraction efficiency of the molecule must be high; the distribution of the molecule 
must remain effectively unchanged, at least over the time frame of the imaging 
procedure and be proportional to blood flow. The radioisotope used should be also 
continuously available. It seems that " T c m complex of HMPAO is the superior 
molecule — especially its d, 1 form. The potential of HMPAO was confirmed by 
several experiments as well as clinical results. 

The aim of this study was to compare the clinical usefulness of HMPAO and 
SPECT versus other diagnostic tools such as CT scan, arteriography or EEG on the 
basis of 300 investigations, considering patients with different central nervous 
system diseases. 

2. METHODS AND MATERIAL 

Since 1986 we have performed HMPAO studies in 300 patients ranging in age 
between 6 months and 75 years, with different neurological diseases. Different 
groups of pathological cases are listed in Table I. The principal indications for such 
studies were to be found in epilepsy and different cerebrovascular diseases. A large 
number of studies were done also on patients with unspecified diagnosis. 

9 9Tcm HMPAO was prepared according to the instructions in the accompany-
ing pack. Between 3 and 20 mCi (according to the weight of the patient) of 9 9Tcm 

HMPAO were injected intravenously. To contain the maximum amount of lipophilic 
complex, preparations were injected within 15 min of reconstitution. In 70 cases the 
material was administrated IV with the subject lying beneath the gamma camera. A 
dynamic study of 20-30 s image frames of the anterior or lateral view of the head 
was carried out. Additionally in a group of 10 patients venous blood samples were 
taken immediately after injection, 1 mL every 30 seconds for 10 minutes, and the 
activity in whole blood as well as in separated plasma and red cells was measured. 

The SPECT studies started 5-30 min after injection of the tracer. Data acquisi-
tion was carried out either on a gamma camera Omega 500 (Technicare) connected 
with a NUC XET 15 computer system or on the ZLC gamma camera connected with 
a micro-Delta computer system (Siemens). All studies acquired into 64 frames, each 
5.6° apart over a 360° rotation. Data acquisition per frame ranged between 20 and 
30 s. At this time about 100 000 counts per frame were acquired. Reconstruction 
was done by filtered back projection. The matrix size was 64 X 64. The linear 
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TABLE I. SUMMARY OF PATIENT GROUPS 

. XT No. of pathological Diagnostic group No. in group 
scans 

Epilepsy 80 56 

SAH 23 16 

Stroke 60 60 

TIA 19 9 

ECT-ICT bypass 4 2 

CNS tumours 15 12 

Hydrocephalus 16 16 

Subdural haematoma 7 7 

St. after neurosurgery 9 9 

Trauma 20 13 

Dementia 5 4 

Arteriovenous malformation 4 4 

Others 60 40 

dimensions of a single pixel were of the order of 0 .6 cm. The slices were reorien-
tated in a parallel direction with the patient's orbito-meatal line. The slice width was 
2 pixels. Attenuation correction was taken into account according to the Chang 
method. No scatter correction was done. All purpose parallel hole collimators were 
used. Whole body imaging was also carried out as well as static planar imaging of 
the chest, in order to demonstrate in vivo distribution of the 9 9Tcm HMPAO in 25 
studies. The fraction of activity in a particular organ was then measured. 

In the separated series of observations the influence of rapid CBF increase on 
the distribution of previously injected tracer was investigated. The increase of CBF 
was induced by IV injection of 1 g Diamox (45 min after application of HMPAO). 
Semi-quantitative methods were used to analyse the SPECT data. The type of analy-
sis (ROI definitions) was dependent on the type of disease. In the epileptic group 
eight symmetrical ROI comprising different regions of cortex and subcortical struc-
tures were defined. L/R ratios were thereafter calculated. The Schulthess and Bekier 
method [1] was preferred in studies of the cerebrovascular diseases. The shape of 
the ROI was chosen to correspond to the perfusion territories of the large cerebral 
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arteries. The top slice contained the region of the anterior cerebral arteries and the 
cranial territories of the middle cerebral arteries. The slice was defined at - 7 . 2 to 
- 4 . 8 cm above the orbito-meatal line. The second slice ( - 4 . 8 to —2.4 cm) com-
prised anterior and posterior perfusion territories of the middle cerebral arteries and 
posterior cerebral arteries. In the third slice on the level of the base of the skull, basal 
ganglia were defined. In other studies three triangular ROI in each hemisphere were 
defined for the L/R index calculation for all slices. Additionally, in 160 studies the 
absolute cerebral HMPAO uptake was measured in a planar anterior projection by 
superimposing a fixed region of interest, measuring the average number of counts 
within the ROI, dividing this by mCi injected, the ROI area and the acquisition time 
to obtain the average number of counts per pixel per min and mCi. This value was 
multiplied by the patient's body surface area to compensate for the differing cardiac 
output fractions. 

3. RESULTS 

No adverse reactions were observed after injection of HMPAO. There were 
no significant alterations in vital signs. 

In the CBF-SPECT studies grey matter was clearly visualized with symmetri-
cal distribution of the tracer. The caudate and putamen were also seen as merged 
structures. The thalamus as well as the visual cortex were also clearly demonstrated. 
The basal ganglia were especially clearly demonstrated in coronal slices. 

In normals, the L/R index in all semi-quantitative methods used ranged 
between 0.960 and 1.05 (mean 1.010 ± 0.02 SD). There were no significant differ-
ences of L/R index whichever type of method was used. HMPAO uptake in normals 
(n=20) amounted to 14.2 ± 1.8 counts/(pixel x min X (mCi/1.73)) m2 . 

A plot of brain activity over time following injection shows that it peaks 
rapidly, falls by approximately 10 to 15% in the first 2 -3 min and then remains prac-
tically constant. The level of uptake observed 4 h after injection remains constant. 
However in a small number of patients (7 out of 70) we observed other time/activity 
curves. A reduced slope of the uptake tract and delayed peak time of 5-15 min were 
observed. It was observed in one or more regions within the investigated hemisphere 
(lateral view) not only in patients with cerebrovascular foci (three cases) but also in 
patients with epilepsy (four cases). Injection of Diamox did not influence the distri-
bution of previously injected HMPO: the time/activity curve remained unchanged as 
well as the tomographic slices showed similar distribution of the tracer. 

Blood radioactivity after injection of the tracer increased rapidly and thereafter 
decreased. It stabilized 4 to 6 min after injection and amounted to 10-16% of the 
value observed in the first sample. There were no changes in the fraction of HMPAO 
bound in plasma and in blood cells. The fraction of tracer in plasma varied between 
50 and 58% (mean 56 ± 3.0% SD). 
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The percentage regional organ uptake of the compound showed that the reten-
tion of the HMPAO in the brain amounted approximately to 4.2%. There was 
approximately 15% of tracer retained by the lung, 25% by the liver and 22% by the 
gut. 

CBF-SPECT studies have been made on 80 patients with seizure disorders. In 
all cases CT examination excluded space-occupying or organic lesions such as 
primary or metastatic neoplasm, inflammatory diseases or developmental abnormal-
ity. Thus only the patients with primary epilepsy were included in this group. 
According to the clinical picture the patients were divided into two groups: the group 
with partial epilepsy (60 patients) and the group with generalized epilepsy (20 
patients). In all patients with partial epilepsy EEG examination showed focal, patho-
logical changes in electrical activity. In 30 cases it was a single focus predominantly 
in the temporal lobe. In 20 patients EEG showed two symmetrical foci in both lobes. 
Disséminant generalized pathological changes with two or more foci in one lobe 
were observed in six patients. In four cases generalized and focal pathological 
changes in both hemispheres were observed. In seven cases a decrease and in four 
cases an increase of CBF was established in the region of the EEG-proven foci. In 
eight cases the SPECT study showed additional information concerning the localiza-
tion and territory of pathological regions in the brain cortex. Most of the CBF studies 
in patients with generalized epilepsy were normal (15 out of 20 cases). Only in five 
patients did the blood flow images show non-specific, multifocal disruptions in the 
HMPAO distribution. 

No diaschisis cerebellaris was observed in studies performed in patients with 
epilepsy. Only 14 patients showed a decrease of global HMPAO uptake values (rang-
ing between 6.0 and 9.5 counts (pixel X min X mCi/1.73) m2 . The decrease was 
observed in patients with generalized changes in EEG examination. 

23 patients with SAH as a result of ruptured aneurysm were studied. The flow 
studies were carried out as soon as possible after the haemorrhage (within 3 to 
10 days). Patients were graded according to the five clinical conditions defined by 
Hunt and Kosnik [2]: 

Group I (n = 5 patients), neurologically intact, except for cranial nerve palsy 
Group П ( n = 5 patients), cranial nerve palsy with neck stiffness and headache 

or both 
Group III ( n = 7 patients), focal neurological deficits 
Group IV ( n = 4 patients), disorders of consciousness with or without focal neu-

rological deficit 
Group V ( n = 2 patients), unresponsive coma with or without abnormal 

posturing. 

In all patients CT and arteriography were performed. There were no pathologi-
cal CBF scans in the first group. Qualitative as well as semi-quantitative analysis 
showed normal distribution of the tracer. In the second group we observed pathologi-
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cal scans in two out of five examinations. All patients reaching the III group and 
especially the IV or V groups showed well defined areas of decreased blood flow. 
Regions of decreased blood flow were located mainly in the external structures of 
the brain, but in Groups IV and V the territories of decreased blood flow were larger 
and were located, in all cases, also in deep cerebral structures. The comparison of 
the artériographie examination and CBF images showed that in all ten patients with 
arteriographically demonstrated vasospasm, the CBF scans were also pathological. 
In the group without vasospasm in the artériographie examination, the disturbances 
in CBF were observed in 6 out of 13 cases. In three cases a haematoma as a compli-
cation after haemorrhage was diagnosed on the basis of the CT scan. In all cases the 
territory of pathological region in CBF-SPECT studies was much greater in compar-
ison to the CT picture. 

The CBF studies were also performed in four cases of arteriovenous malforma-
tion. We have applied tomographic determinations of CBF to such patients to assist 
the neurosurgeon in the appraisal and especially follow-up of those patients. All 
SPECT examinations have demonstrated that regional hypoperfusion and significant 
flow asymmetries in remote brain regions are predominant. The CBF studies were 
very useful, especially when two-step operations were planned. In such cases CBF-
SPECT study should illustrate the territory of the CBF disorders after ligation of one 
of the feeding arteriovenous malformed arteries. 

Sixty patients with stroke were investigated. In 20 cases the SPECT studies 
were obtained within 48 h of the onset of the symptoms. In 40 patients the CBF 
investigation was performed two to six weeks after appearance of the cerebral ischae-
mia. The pathological CBF images were observed in all patients, independently of 
the time of appearance of the first neurological symptoms. In 45 cases the CT exami-
nations were available. In 25 cases the territory of lack or significantly decreased 
CBF were evidently more extended in comparison to CT. In five cases CT examina-
tions were normal, despite the reduced CBF in HMPAO scans. It was observed at 
the beginning of the disease. In ten cases diaschisis cerebellaris was observed. In 40 
cases the global HMPAO uptake was calculated and in 11 patients it was below the 
normal range. 

19 TIA patients have been studied. 16 of the cases had symptoms indicating 
carotid vessel disease and 3 of these had symptoms indicative of vertebro-basilar dis-
ease. In all cases there were two to four episodes of transient neurological episodes 
such as dizziness, aphasia, extremity weakness, disturbed balance or diplopia. The 
symptoms disappeared in all cases within 24 hours. The last attack was noted six to 
ten weeks before examination was performed. In 16 patients a CT scan was done 
and only two patients showed abnormal results (small ischaemic insult). However, 
nine of 19 patients had an abnormal SPECT study with one or more localized areas 
of low blood flow. In five cases the global HMPAO uptake was reduced. 

The CBF-SPECT studies were performed in 15 patients with brain tumour. It 
was a metastatic tumour in eight patients and globlastoma in seven cases. There was 
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extensive abnormality of flow to the region of tumour and surrounding oedematous 
tissue in patients with metastases. The territory of decreased blood flow correlated 
to the territory of the tumour and the oedematous region in the CT scan. On the other 
hand, in the second group, the relation between the neurological symptoms (slight 
neurological syndromes, hemiparesis, hemiplegia) or the type of the tumour was not 
evident. A reduction in tracer uptake was observed in five cases, but the intensity 
or index of asymmetry did not correlate with the type of tumour or neurological state 
of the patient. In two studies the L/R index in the SPECT study was within the 
normal range. 

The last examined group consisted of the patients with different, not precisely 
defined neurological symptoms and not diagnosed. The patients demonstrated 
headaches, dizziness and/or memory disturbances, but the CT scan as well as neuro-
logical examination did not show any significant disturbances. However in 40 out 
of 60 investigations the CBF-SPECT study showed different, not specific changes 
in HMPAO uptake. For example, there was asymmetry in the HMPAO distribution 
(25 cases) or decrease of the total uptake of the tracer in the brain. The patients were 
diagnosed in our neurological out-patients department and cannot be classified within 
the previous defined groups. 

4. DISCUSSION 

Despite the substantial limitations of SPECT, the use of this method and lipid 
soluble radiopharmaceuticals represents a new step in clinical investigations of 
cerebral blood flow. Originally iodo methyl amphetamine was preferred as the agent 
of choice for routine CBF-SPECT studies. The ideal tracer must be however not 
only simple to use but also inexpensive and easily available. It is recognized that 
HMPAO appears to satisfy all the above defined criteria. The biodistribution of 
HMPAO checked in our laboratory is comparable with the previous observations 
[3-5]. The brain uptake was about 4% (taking the whole body activity as 100%) and 
the time/activity curves over the brain reached a maximum about 1-2 min post injec-
tion and remained thereafter constant for several hours. However in some cases we 
observed a reduced slope of the uptake tract and delayed peak time to 5-15 min 
(in separate regions of the brain). It was never observed in healthy subjects. Similar 
behaviour of HMPAO has been described previously [6] in cases of cerebrovascular 
disease. The mechanism of this phenomenon and its clinical value are not clear. It 
seems that the regional circulatory disturbances may be responsible for such 
changes. 

The semi-quantitative analysis of SPECT data has been found useful. On the 
basis of our experiences a simple method like the L/R asymmetry index provides an 
objective criterion for perfusion asymmetry, supporting the qualitative interpretation 
of the scan. We cannot decide which type of semi-quantitative method is preferable. 
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It seems that in day-to-day practice the type of analysis should be dependent on the 
clinical picture. For example, we preferred the method of Schulthess and Bekier [1] 
in cases with cerebrovascular diseases: the shape of the regions is chosen to cor-
respond to perfusion territories of the large cerebral arteries, as defined by recent 
anatomical work [7]. On the other hand, in cases of epilepsy the changes in cortical 
blood flow are being researched and the regions of interest should contain different 
brain cortex territories. 

Global uptake of the tracer calculated by the method of Schulthess and Bekier 
[1] has only limited clinical value. More than 70% of patients with cerebrovascular 
diseases showed the normal value of HMPAO uptake. Only in the patients with 
hydrocephalus internus was the global HMPAO uptake significantly decreased, 
ranging between 6 and 9 counts/(pixel X min x (mCi/1.73) m2). In this group (not 
presented in the results) the L/R index was in the normal range. Hence this index 
is in itself not a good classifier of pathological states of cerebral circulation. 

We postulated that in routine investigations the CBF-SPECT method was espe-
cially useful in patients with different cerebrovascular diseases (including stroke, 
SAH, arterio-venous malformations) as well as in epilepsy. In stroke, for example, 
this method is superior to classical scintigraphy in which ischaemic infarct can be 
seen 7-10 days after the event, or to a CT scan, which usually does not show changes 
during the first 24-48 h after an infarct. Allen [8] demonstrated also that 20% of 
ischaemic foci may never be seen in a CT scan. Additionally it must be stressed that 
in most cases the territory of ischaemia can be better defined on the basis of the 
SPECT method in comparison to a CT scan. The CBF—SPECT method seems to 
be very useful in monitoring patients with SAH. We postulated that HMPAO study 
can be an alternative to the angiography in demonstrating vasospasm as a result of 
SAH. It seems that CBF-SPECT studies allowed early detection of the vasospasm. 

Determination of the CBF may be of value also in patients with TIA. Similar 
results have been described by others. Devous et al. [9] using 133Xe and a dynamic 
SPECT method showed that 10 out of 18 patients with TIA had significant distur-
bances in cerebral circulation. On the other hand Crow and Guito [10] found that 
82% of patients with TIA had a normal CT scan. It seems that the CBF-SPECT 
method is more valuable in determining TIA in comparison to CT scan and can be 
useful in the long term follow-up after medical or surgical treatment of such patients. 

In patients with other types of brain diseases — especially in cases with brain 
tumours — CBF studies did not play an important role in the day-to-day practice. 
Despite more or less evident disturbances in CBF scans, CT provided more specific 
diagnosis [11]. 

There is an evidence that CBF measurements should be helpful in detection of 
seizure foci. CBF measurement is an especially useful diagnostic tool in patients with 
partial epilepsy. Partial seizures are thought to result from the sudden depolarization 
of the cell membrane in a localized group of neurons, while generalized seizures are 
thought to arise from an abnormal interplay between the neocortex and the thalamic 
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reticular system. It can be clarified that in almost all patients with generalized seizure 
the CBF changes were not visible. On the contrary, in 70% of patients with partial' 
epilepsy pathological foci were detected. We conclude that CBF-SPECT study can 
be defined as a complementary method to EEG and CT studies. 

Because of the small size of the group of patients with dementia we cannot dis-
cuss our experience with these but there are many observations which indicated that 
also in such cases CBF investigations may play a crucial role in diagnostic procedure 
[12, 13]. 

In conclusion we would like to stress the fact that tomographic measurements 
of CBF provide valuable diagnostic information. HMPAO seems to be a superior 
radiopharmaceutical for such studies. However, further studies are needed for exact 
quantitative analysis of cerebral blood flow and for improvement of the SPECT qual-
ity. In many cases CBF-SPECT may become a routine nuclear medicine procedure. 
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DISCUSSION 

Questioned about the filter used for image reconstruction in the work 
presented, Mr. Krolicki stated that this had always been the Butterworth filter. 

In discussion regarding the relationship between contrast CT images and 
9 9 Tc m HMPAO images in stroke, Mr. Krolicki pointed out that, in general, contrast 
CT images demonstrated morphological aspects of regional cerebral blood flow, 
whereas 9 9Tcm HMPAO images demonstrated functional aspects. While both 
depended on the supply of blood to the tissues, 9 9Tcm HMPAO crossed the blood-
brain barrier and so provided an indication of nutritive blood flow. 



IAEA-SM-304/43 

CEREBRAL BLOOD FLOW IMAGING 
WITH 99Tcm HMPAO 

M. POSH Y ACHIND A, S. BOONVISUT 
Department of Radiology, 
Faculty of Medicine, 
Chulalongkorn University, 
Bangkok, Thailand 

Abstract 

CEREBRAL BLOOD FLOW IMAGING WITH 99Tcm HMPAO. 
The usefulness of wTcm hexamethyl propylene amine oxime (HMPAO) was studied in 

55 cases, utilizing a conventional gamma camera. The group studied consisted of four healthy 
volunteers, 20 patients with cerebrovascular diseases, 11 with fronto-ethmoidal 
encephalomeningocele, ten patients with brain tumours and ten cancer patients without clinical 
evidence of brain metastasis. The group of cases having cerebrovascular diseases provided 
90% positive findings. Demonstration of brain tissue in fronto-ethmoidal encephalomenin-
gocele was achieved in 66.7%. Focal hypoperfusion of the tracer was found in all brain 
tumour patients and in those after the operation. Three of ten cancer patients demonstrated 
regionally decreased perfusion in the brain. The study illustrated the efficacy of 99Tcm 

HMPAO in defining the alteration of cerebral blood flow. The application of instruments with 
superior imaging properties, e.g. SPECT, will probably improve the efficacy of 99Tcm 

HMPAO even further. 

1. INTRODUCTION 

Technetium-99m hexamethyl propyleneamine oxime ( " T c m HMPAO), a 
recently developed lipophilic brain imaging agent, is a promising agent for assess-
ment of regional cerebral blood flow (rCBF). It penetrates the blood-brain barrier 
and exhibits no redistribution. The deposition in the brain is proportional to cerebral 
blood flow. Its imaging properties are similar to 123I labelled amphetamine deriva-
tives [1-3]. " T c m HMPAO is currently being evaluated for its usefulness in a vari-
ety of brain disorders, especially stroke, by using single photon emission computer 
tomography (SPECT) [4-6]. 

The following report represents our initial experience in an rCBF study with 
9 9Tcm HMPAO in normal volunteers, patients with brain disorders and cancer 
patients with no evidence of brain metastasis, utilizing a conventional gamma 
camera, since SPECT is not available in our institute. 

2 8 1 
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2. MATERIAL AND METHOD 

The study population consisted of four healthy volunteers and 51 patients. The 
patients' group comprised of 20 patients with cerebrovascular disorders, 11 patients 
with fronto-ethmoidal encephalomeningocele, ten patients with brain tumours, four 
of whom had been operated on, and ten cancer patients without clinical evidence of 
brain metastasis. 

A Phillip's large field of view gamma camera connecting with a PDP 11/34 
minicomputer and a low energy all purpose collimator was used throughout the 
study. Each image was acquired for a total of 400 000 counts. 

" T c m HMPAO was prepared by adding 15-30 mCi (555-1110 MBq) 9 9 Tc m 

pertechnetate in 5 mL saline to freeze-dried HMPAO and stannous tartrate. The 
radiopharmaceutical was intravenously administered to the studied subjects within 
5 -10 minutes. The injected dose for children was 200 /¿Ci/kg (7.4 MBq/kg) and 
about 10-15 mCi (370-550 MBq) for adults. The dynamic blood flow imaging was 
performed in anterior projection in all adult subjects by recording the radioactivity 
for 1 second per frame for 20 frames, then the blood-pool image was obtained. The 
static images were begun within 30 minutes after injection of the radiopharmaceuti-
cal and four standard views, anterior, posterior and both lateral, were routinely per-
formed. The vertex view was also obtained whenever possible. 

Apart from visual estimation of the side to side differences in brain isotope 
uptake, calculation of the ratio of activity in left and right hemispheres at regions 
of interest (ROI) was added for the interpretation of this study. Four regions of 
interest were selected for anterior and posterior projections and six regions of 
interest were selected for vertex view (Fig. 1). The count density in equivalent left 
and right hemisphere regions was compared to obtain the L/R ratio. Side to side 
differences above mean ±2 SD in any image were regarded as abnormal, based upon 
the data obtained in four healthy volunteers. 

FIG. I. Four regions of interest (ROI) are selected for anterior and posterior projections (A). 
Six ROI are selected for vertex view (B). 
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TABLE I. RATIO OF COUNT DENSITY OF EQUIVALENT LEFT AND 
RIGHT HEMISPHERE REGIONS IN VERTEX PROJECTION IN FOUR 
HEALTHY VOLUNTEERS 

Region of interest3 

Case No. 

L/R 1/2 3/4 5/6 

1 1.02 0.98 0.99 1.09 

2 0.98 0.99 0.97 0.97 

3 0.99 1.00 0.95 1.02 

4 0.97 1.09 0.94 1.00 

Mean 0.99 1.02 0.96 1.02 
SD 0.02 0.05 0.02 0.05 

a See Fig. 1. 

3. RESULTS 

3.1. Normal 

In the normal group, there were one female and three males, 21-38 years of 
age (mean 30.25 ± 7.04 years). Symmetrical distribution of tracer was seen in both 
cerebral hemispheres as well as the lateral ventricles. Side to side differences of 
tracer distribution were obtained from the L/R ratio. 

The mean SD of the L/R ratio in all normal subjects for anterior, posterior and 
vertex projections was 0.97 ± 0.03, 0.98 ± 0.02, and 0.99 ± 0.02 respectively 
(Table I). The mean value of ± 2 SD for each region did not exceed 12%. 

3.2. Cerebrovascular disease 

The patients in this group comprised eight females and twelve males, 20-80 
years of age (mean SD = 53.3 ± 16.54 years). Three patients suffered from tran-
sient ischaemic attack (TIA), the remaining patients had complete or incomplete 
stroke. Eighteen of 20 patients (90%) had abnormal rCBF pattern in static images 
(Fig. 2), 16 of these showed decreased dynamic blood flow to the affected 
hemisphere. Only 12 of these 20 patients (60%) were positive by X-ray computed 
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FIG. 2. Anterior and right lateral projections obtained from a 20-year-old male patient with 
occlusion of right middle cerebral artery. The study was performed 4 days after the insult. A 
large hypoperfused region is seen at the right frontoparietal lobe (arrow). 

FIG. 3. Left lateral projection obtained from a 7-month-old girl with fronto-ethmoidal 
encephalomeningocele. Extension of brain affrontai region (arrow) into the sac at root of nose 
(arrowhead) is demonstrated. 
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TABLE II. FINDINGS IN FRONTO-ETHMODIAL 
ENCEPHALOMENINGOCELE 

TP FP TN FN 

CT (n= l l ) 9 2 0 0 

RI (n= l l ) 6 0 2 3 

TP = True positive FP = False positive 
TN = True negative FN = False negative 
CT = X-ray computed tomography RI = Radionuclide imaging 

tomography (CT). Two patients with negative radionuclide imaging suffered from 
TIA and brain stem infarction respectively and CT was also negative in these two 
patients. The remaining six patients with negative CT included one patient with TLA 
and five patients with incomplete stroke. 

3.3. Fronto-ethmoidal encephalomeningocele 

Eight females and three male patients in this group, age 7 month to 27 years 
(mean SD = 11.74 + 7.71 years) were investigated. Diagnoses of fronto-ethmoidal 
encephalomeningocele in all cases were verified by operative findings. In addition, 
six cases were confirmed by pathological findings. The typical abnormal findings in 
CT included bony defect at the anterior cranial fossa and protusion soft tissue mass 
in the fronto-ethmoidal area through bony defect while 9 9Tcm HMPAO imaging 
demonstrated the extension of brain tissue into the mass at the root of the nose 
(Fig. 3). 

Table II displays the results of studies in 11 patients. 9 9 Tc m HMPAO imaging 
failed to demonstrate brain tissues in three patients; one of these patients had gliotic 
brain tissue while the others revealed that the nasal mass comprised mainly connec-
tive tissues with very little brain tissue. Radionuclide imaging clearly revealed no 
brain tissue in two patients while a CT scan falsely suggested brain tissue in the sac. 
The sensitivity in demonstrating brain tissue by 9 9Tcm HMPAO imaging was only 
66.7% with an overall accuracy of 72.7%, while the CT scan offered 100% sensitiv-
ity with 81.8% accuracy. 

3.4. Brain tumour 

Six patients with brain tumour (one female, five males, aged 24-59 years with 
mean 34.83 ± 12.38 years) were studied. Four of these had glioma, one each had 
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a third ventricular tumour and brain metastasis from lung cancer respectively. 
Another four patients with brain tumour in post-operative status were also studied 
(two females, two males, aged 2-45 years with mean 30.5 ± 20 years). These 
patients had had operations between 10 days to 2 years prior to the study. 

All patients with brain tumours demonstrated hypoperfusion of the tracer at the 
lesions except the one with a third ventricular tumour that revealed only dilated ven-
tricles, especially posterior horn. All four post-operative patients revealed marked 
decreased activity at the operating sites. 

3.5. Cancer patients 

Ten cancer patients were studied (five females, five males, aged 19-80 years 
with mean 49.6 ± 20.54 years). Five of these patients had carcinoma of the 
nasopharynx, the remaining patients suffered from cancers of breast, cervix, thyroid, 
lung and pyriform sinus respectively. Three patients revealed definitely decreased 
rCBF; they were patients with lung cancer, carcinoma of the nasopharynx and carci-
noma of the cervix respectively. A CT scan was not performed on these three 
patients. However CT scans performed on three of the seven patients who revealed 
normal distribution of 9 9Tcm HMPAO in the brain were also normal. 

4. DISCUSSION 

Recently there have been several reports describing the clinical applications of 
9 9Tcm HMPAO in the detection of cerebrovascular diseases and other neurological 
disorders by using SPECT with satisfactory results [3, 5-8]. Technetium-99m 

HMPO can define various abnormal arterial perfusion patterns and is more sensitive 
than a CT scan in this aspect [7, 8]. However, it was reported that in mild cerebral 
ischaemia with hypoperfusion of 10-20%, 9 9Tcm HMPAO was inferior to 123I iodo 
amphetamine [9]. But the general availability of 9 9Tcm HMPAO makes this radi-
opharmaceutical more attractive. 

Our studies in stroke patients utilizing 9 9Tcm HMPAO and a gamma camera 
demonstrate higher sensitivity for detection of cerebral ischaemia in transient or per-
sistent perfusion deficit as compared to a CT scan (90% against 60%). 

To our knowledge, this is the first study to exhibit the usefulness of 9 9Tcm 

HMPAO brain scanning in demonstration of brain tissue in fronto-ethmoidal 
encephalomeningocele. Although the sensitivity in detection of brain tissue was far 
inferior to that of a CT scan, the specificity was superior. It is not surprising that 
the false negative findings in 9 9Tcm HMPAO brain imaging resulted from either 
small amounts of brain tissues or gliotic brain tissues. It is hoped that with the use 
of SPECT the sensitivity will be much improved. Given the relatively high false posi-
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tive rate of CT scans in the detection of brain tissue in this neurological disorder, 
9 9 Tc m HMPAO brain imaging would be a useful complementary tool in diagnosis 
and management of fronto-ethmoidal encephalomeningocele. In patients with 
primary brain tumour or brain metastasis, focal hypoperfusion of radiotracer was 
observed at the site of the tumour. For those patients who had had an operation for 
removal of brain tumour similar decreased isotope deposition at the affected region 
was revealed. 

It is of interest that three cancer patients without any clinical evidence of brain 
metastasis exhibited a focal hypoperfusion area. Our findings are similar to those of 
a previous report [5]. A follow-up study for brain metastasis of these patients may 
be worthwhile. 

5. CONCLUSION 

Our preliminary results exhibit the usefulness of 9 9Tcm HMPAO to demon-
strate the alteration of regional cerebral blood flow in various neurological disorders 
even using a conventional gamma camera. The use of SPECT will increase the 
efficacy and usefulness of 9 9 Tc m HMPAO brain imaging. 
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DISCUSSION 

Asked by the Chairman about the particular advantages of 9 9Tcm HMPAO for 
brain imaging, as compared with the conventional 9 9 Tc m agents, Ms. Poshyachinda 
said that there were several conditions for which 9 9Tcm HMPAO was superior. In 
cerebrovascular disease, for example, it offered earlier diagnosis. In cancer it could 
reveal brain metastases not observed in conventional 9 9Tcm images. In 
fronto-ethmoidal encephalomeningiocele it could demonstrate the presence of brain 
tissue in the mass, a finding of importance to the neurosurgeon. 

A speaker confirmed the superiority of 9 9Tcm HMPAO for imaging in 
cerebrovascular disease, in that it could reveal impaired perfusion from the moment 
of the stroke, whereas images with conventional 9 9Tcm agents were usually negative 
until the blood-brain barrier was disrupted, 24-48 h later. Images obtained by CT 
were usually also negative during this period. 
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Abstract-Resumen 
DYNAMIC BONE STUDY IN TOTAL PROSTHESIS OF THE HIP (RM ISOELASTIC 
TYPE). 

Over a period of 33 months, an evaluation was made of the development of 78 asympto-
matic patients (average age: 62.27 ± 8.12 years), fitted with uncemented total prostheses of 
the hip, and a control group of 30 patients without prostheses (average age: 64,12 ± 10 years). 
All of them underwent bone scintigraphy modified three times: angioscintigraphy, sequenced 
scintigraphy and static scintigraphy. The following areas of interest were evaluated qualita-
tively: in the first phase, the gluteal, articular and diaphyseal regions; in the second and third 
phases, the cotyloid region, the trochanter, the intermediate area of the stem and the vertex 
of the prosthesis. The presence of any calcifications in the articular interface was sought. The 
natural development of bone repair activity in patients with hip prostheses showed that the 
areas of maximum stress, in decreasing order, are the following regions: trochanteric, 
cotyloid, vertex and intermediate area of the stem; the early presence of articular calcifications 
was observed in 20.5% of the cases studied. On the other hand, perfusion of the periprosthetic 
tissue showed no significant changes with respect to the control group. On the contrary, 
sequential scintigraphy was very sensitive in the detection of changes in the rate of bone 
repair, differentiating between the post-surgical period proper and the subsequent period in 
which the prosthesis was stabilized; this was not the case with static scintigraphy, the sensitiv-
ity of which is inferior. 

ESTUDIO OSEO DINAMICO EN LA PROTESIS TOTAL DE CADERA TIPO ISO-
ELASTICA DE R.M. 

Se ha valorado durante 33 meses el curso evolutivo de 78 pacientes con una edad media 
de 62,27 ± 8,12 años, asintomáticos, portadores de prótesis total de cadera no cementada y 
un grupo control de 30 pacientes, sin prótesis, con una edad media de 64,12 ± 10 años. En 
todos se ha practicado la gammagrafía ósea en tres tiempos modificada: angiogammagrafía, 
gammagrafía secuenciada y gammagrafía estática. Se han valorado cualitativamente las 
siguientes áreas de interés: en la primera fase, regiones glútea, articular y diafisaría, y en la 
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segunda y tercera fases, región cotiloidea, trocantérea, zona media del vástago, vértice pro-
tésico, y se exploró la presencia eventual de calcificaciones en la interfase articular. La evolu-
ción natural de la actividad ósea reparadora en los pacientes portadores de prótesis de cadera 
ha mostrado que las áreas de máximo stress son por orden decreciente: región trocantérea, 
cotiloidea, vértice y zona media del vástago, observándose precozmente la presencia de cal-
cificaciones articulares en un 20,5% del total de casos estudiados. Por otro lado, la perfusión 
de los tejidos periprotésicos no ha mostrado cambios significativos con respecto al grupo con-
trol. Por el contrario, la'gammagrafía secuenciada ha sido muy sensible en la detección de 
los cambios de ritmo en la reparación ósea, diferenciando el período postquirúrgico propia-
mente dicho del período posterior en que la prótesis se encuentra asentada, no así en la gam-
magrafía estática, cuya sensibilidad es inferior. 

1. INTRODUCCION 

La implantación de la prótesis total de cadera ha sido ampliamente difundida 
desde que en 1959 Charnley sugirió que la fijación de los componentes protésicos 
podría ser efectiva mediante un cemento acrílico. Pero la experiencia ha demostrado 
que, aunque este material actúa como un excelente elemento de fijación primaria, 
con el tiempo se deteriora, produciendo una erosión secundaria del hueso 
periprotésico [1], lo que ocasiona un aflojamiento de la prótesis, debiéndose efectuar 
en la mayoría de los casos una revisión quirúrgica. 

Esto ha conducido a la rehabilitación de las técnicas quirúrgicas de fijación 
protésica sin cemento, planteándose si el tiempo medio de supervivencia sobrepasa 
al observado en las prótesis cementadas. 

La prótesis isoelástica objeto de este éstudio fué diseñada por Robert Mathys 
e introducida en 1975. Está formada por un componente acetabular de polietileno de 
alta densidad y un componente femoral quç presenta un ánima metátila rodeada de 
poliacetal, cuyo módulo de elasticidad es semejante al del hueso. 

Al implantar una artroplastia de cadera, se pretende conservar una articulación 
libre, estable, indolora y permanente. Por estos motivos es esencial que exista un 
equilibrio entre los fenómenos biológicos y mecánicos, debiéndose cumplir las 
siguientes condiciones [2] : biocompatibilidad, resistencia a la corrosión y fuerzas de 
fatiga, posibilidad de esterilización, buena fijación primaria y diseño adecuado que 
permita una fácil extracción en caso de revisión, asegurando una transmisión armó-
nica de las fuerzas de stress de tal manera que los movimientos a nivel de la interfase 
hueso-prótesis sean mínimos. 

2. OBJETIVO 

El objetivo de nuestro trabajo es la determinación de la evolución natural del 
hueso periprotésico, analizando cualitativamente áreas anatómicas equivalentes a las 

a 
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radiológicas [3], comparándolas con un grupo control no portador de artroplastia de 
cadera. 

En los controles postoperatorios se efectúan sistemáticamente controles clínico 
y radiológico, pero cuando existe la sospecha de movilización o infección protésica, 
la técnica más sensible para descartarla es la gammagrafía ósea [4, 5]. 

La falta de equipos de alta tecnología y la limitación de la llegada de isótopos 
más específicos de infección que el 9 9Tcm han hecho que desarrollemos una técnica 
que supone la ampliación de la segunda fase de la gammagrafía ósea en tres tiempos 
[6, 7], durante 25 minutos. 

3. MATERIAL Y METODO 

El grupo control lo forman 30 pacientes asintomáticos (14 mujeres y 
16 varones), no portadores de prótesis total de cadera, cuya edad media era de 
62,27 + 8,12 años, que acudieron a nuestro Servicio para la práctica de una gamma-
grafía ósea convencional por otras indicaciones clínicas. 

Paralelamente se ha estudiado el curso evolutivo de 88 prótesis isoelásticas de 
R.M., correspondientes a 78 pacientes asintomáticos, de los cuales 48 eran mujeres 
y 30 varones, con una edad media preoperatoria de 64,12 + 10 años. 

El estudio gammagráfico se ha registrado en placa mediante sistema multifor-
mato de imagen, incorporado a una gammacámara analógica Technicare Sigma 438 
y colimador de alta sensibilidad-agujeros paralelos para bajas energías en el estudio 
dinámico y alta resolución-agujeros paralelos y bajas energías para el estudio 
estático tardío. 

La exploración denominada por nosotros "Gammagrafía ósea en tres tiempos 
modificada" se ha obtenido tras la administración endovenosa de 555 MBq (15 mCi) 
de "Tc m -HDP, registrando 25 imágenes durante el primer paso del radiofármaco o 
angiogammagrafía con un ritmo de una imagen cada 3 segundos. A continuación, 
25 imágenes de 1 minuto de duración para el estudio secuenciado y, posteriormente, 
a las 2 horas de postinyección, una imagen estática en proyección antero-osterior y 
postero-anterior de caderas, con una acumulación de 400 kilocuentas por imagen. 

Los controles gammagráficos se realizaron de forma paralela a los clínicos y 
radiológicos, a los 6, 9, 12, 15, 24 y 33 ± 5 meses. En total se han obtenido 
279 exploraciones. 

Los criterios de normalidad gammagráficos se han basado en la simetría de la 
perfusión, ritmo y grado de captación del radiofármaco con respecto a la zona con-
tralateral. Las áreas anatómicas estudiadas han sido: región glútea, articular y 
diafisaria en la angiogammagrafía, región cotiloidea, trocantérea, zona media del 
vástago, vértice protésico y búsqueda de calcificaciones en la interfase articular en 
la gammagrafía secuenciada y estática. 
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4. RESULTADOS 

Un 30% de las exploraciones del grupo control presentó alteración de una o 
más áreas en alguna de las fases gammagráficas: el 10% en la angiogammagrafía, 
el 13,33% en la gammagrafía secuenciada y el 23,33% en la gammagrafía estática, 
siendo la región trocantérea la de mayor incidencia. 

En el grupo protésico, estos porcentajes fueron sensiblemente superiores, 
alcanzando un 96% de exploraciones patológicas a los 6 meses, porcentaje que fué 
decreciendo progresivamente hasta alcanzar un 46% a los 33 meses. 

Al valorar las fases gammagráficas observamos (Fig. 1) que la angiogam-
magrafía permanece en todo momento en niveles bajos, inferiores al 15%. La gam-
magrafía secuenciada, por el contrario, muestra un 80% de exploraciones 
patológicas a los 6 meses, disminuyendo hasta un 26% a los 33 meses. La gam-
magrafía estática se mantiene en porcentajes análogos a la valoración global, con un 
94% a los 6 meses y un 43% a los 33 meses. 
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FIG. 1. Evolución postquirúrgica de las fases gammagráficas y exploración global, 
expresada en porcentajes (exploraciones patológicas). 
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FIG. 2. Evolución postquirúrgica de la gammagrafía secuenciada y áreas de interés, 
expresada en porcentajes. 
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FIG. 3. Evolución postquirúrgica de la gammagrafía estática y sus áreas de interés, 
expresada en porcentajes. 
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Al valorar las áreas de interés anatómicas de la angiogammagrafía, la región 
articular seguida de la diafisaria han mostrado mayor incidencia, con una presenta-
ción de estas alteraciones de forma precoz (6-9 meses). En la segunda fase (Fig. 2) 
fueron la región trocantérea seguida de cotilo y vértice y en un rango inferior las cal-
cificaciones articulares y zona media del vástago. La estabilización del ritmo de cap-
tación se produce a partir de los 15 meses en trocánter, cotilo y vástago y a partir 
de los 9 meses en vértice protésico. Las calcificaciones persisten prácticamente cons-
tantes. En la fase estática (Fig. 3) muestran un comportamiento análogo con porcen-
tajes diferentes, observándose una estabilización de la actividad a partir de los 
24 meses en cotilo y trocánter y 12 meses en vástago y vértice protésico. 
Nuevamente las calcificaciones articulares permanecen activas durante largos 
períodos de tiempo. 

5. DISCUSION 

Los resultados de este estudio muestran un porcentaje relativamente elevado 
de asimetrías en la captación del grupo control cuyas causas pueden ser: variantes 
de la normalidad [8], edad del paciente [9], patologías metabólicas sistémicas 
[10, 11], o interferencias medicamentosas que alteren la biodistribución del radio-
fármaco [12]. 

Cuando comparamos el grupo protésico, vemos que la perfusión no se diferen-
cia del grupo control. Esto se explica porque el primer control se inicia a los 6 meses 
postintervención, período suficiente para reparar los fenómenos inflamatorios tras la 
agresión quirúrgica. En el estudio secuenciado vemos que la incorporación del 
radiofármaco muestra dos fases: una de pendiente rápida (6-9 meses) y otra más 
lenta (12-33 meses), lo cual nos sugiere que estas pendientes diferencian la actividad 
reparadora postquirúrgica propiamente dicha, del período posterior, que depende 
únicamente de la biomecánica de la prótesis (diseño, materiales etc.), reflejando las 
áreas de máximo stress en el complejo hueso-prótesis. Desafortunadamente en la 
literatura revisada no existen estudios comparativos. Por el contrario, la fase estática 
muestra una pendiente única, siendo los cambios de actividad ósea más lentos. Estos 
hallazgos son equivalentes a los observados por otros autores [13, 14], aunque sus 
porcentajes son diferentes, seguramente secundarios al tipo de prótesis estudiada y 
el patrón gammagráfico aplicado. 

6. CONCLUSIONES 

En base a estos resultados podemos concluir: 

1) La perfusión apenas se altera en la evolución normal de la implantación 
protésica. 
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2) La actividad ósea en la fase secuenciada presenta dos períodos: el primero 
hasta los 9 meses y el segundo a partir de los 15 meses, reflejando 
probablemente la reparación tras la agresión quirúrgica y la interacción de las 
fuerzas de stress respectivamente. 

3) La actividad reparadora de cotilo y trocánter se estabiliza a partir de los 
24 meses en la gammagrafía estática, no así en la fase secuenciada que le pre-
cede en 6 y 3 meses respectivamente. 

4) La actividad reparadora del vástago y vértice protésico se estabiliza a partir de 
los 9 meses en ambas fases. 

5) Cuando existen calcificaciones en la interfase articular, éstas se mantienen 
activas durante largos períodos de tiempo. 
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Abstract 

USE OF AEROSOLS IN LUNG FUNCTION STUDIES. 
Since aerosol inhalation lung scintigraphy was introduced in 1965 following perfusion 

lung imaging, both imaging modalities have offered powerful tools not only for the study of 
respiratory lung function but also for the exploration of non-respiratory lung function studies. 
Visualization of the distribution of ventilation and perfusion in the lungs has made it possible 
to determine whether ventilation and perfusion are well matched or not, thus leading to the 
diagnosis of vascular diseases if perfusion is absent in the well ventilated lung regions, 
whereas airway diseases show matched ventilation and perfusion abnormalities. The reasons 
for the above principles have been physiologically clarified by perfusion and inhalation tech-
niques using radioactive particulates, aerosols and radioactive gases. Regional ventilation 
always regulates regional perfusion; regional hypoventilation causes regional hypoxia which 
in turn causes hypoxic vasoconstriction and a consequent decrease in perfusion. Regional 
perfusion does not regulate regional ventilation except in the very early phase of perfusion 
changes when hypoperfusion can cause a transient bronchoconstriction and hypoventilation. 
This reaction disappears within 6 hours in dogs. Deposition patterns of inhaled aerosol in the 
lungs help differentiate the nature of the obstructive airways disease. Aerosol inhalation imag-
ing can offer a unique technique for the study of mucociliary clearance function in the lungs. 
'Radioaerosol inhalation lung cinescintigraphy' has made it possible to visualize the actual 
mucociliary clearance status in the lungs in vivo. Indexes to quantify the mucociliary clearance 
function have been proposed. Effects of pharmaceutical agents on mucociliary clearance func-
tion in the lungs can now be objectively evaluated by aerosol inhalation lung imaging and its 
quantification. The study of pulmonary epithelial permeability by inhalation of 99Tcm DTPA 
aerosol has also been mentioned. A trial to quantitate the 'unevenness' of aerosol and perfu-
sion distribution in the lungs and to relate it to estimate the actual lung function by computer 
analysis is briefly described. Aerosols have great potential in the study of lung function. 
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The purpose of this paper is to review aerosols and their use in the studies of 
lung function. 

1. DEFINITION OF AEROSOL 

Aerosols are defined as liquid or solid particles floating in the air whose size 
ranges from 0.01 to 100 pirn [1, 2]. Mist is a liquid aerosol and smoke and dust are 
solid ones. 

2. AEROSOL INHALATION LUNG IMAGING 

Two years after Taplin proposed 13 ' i MAA for perfusion lung scans [3], 
Pircher and Taplin independently and almost simultaneously in 1965 proposed aero-
sol inhalation lung scans and showed the potential of the new modality for the evalua-
tion of bronchial patency and ventilation, respectively [4, 5]. Their innovative 
proposals opened the way to the subsequent development of aerosol use in studies 
of lung function. 

3. AEROSOL GENERATORS AND SIZE OF AEROSOL PRODUCED 

Aerosol generators are principally of two types; jet and ultrasonic nebulizers. 
The size of the aerosol produced by various instruments available at our institution 
is shown in Table I. The size was measured by Andersen sampler. Any available 
generator produced an aerosol whose mass median diameter was less than 2 ¡xm with 
a geometric standard deviation of less than 1.7. The efficacies of aerosol production 
and deposition in the lungs differ and are critical in selecting generators for clinical 
applications. 

As the molecular weight of an agent increased from 9 9Tcm DTPA to 9 9Tcm 

albumin, Mistogen, an ultrasonic nebulizer, generated an aerosol larger in size from 
9 9Tcm albumin than from 9 9Tcm DTPA, while UltraVent, a jet nebulizer, produced 
a similar sized aerosol from the two different agents. As temperature increased, aero-
sol size became smaller. As relative humidity increased, aerosol size tended to be 
larger, and aerosol size became smaller with the addition of a reservoir between the 
generator and Andersen sampler. Neither airflow nor curving of a conductive tube 
affected the size of aerosol generated [6]. 
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TABLE I. AEROSOL GENERATORS AND MASS 
MEDIAN DIAMETERS AND THEIR GEOMETRIC 
STANDARD DEVIATIONS OF GENERATED 
AEROSOLS 

Nebulizers Dm <jg 
0*m) 

JET 

OEM-1 (USA) 1.96 1.65 

OEM-2 (USA) 1.19 1.86 

Ultra Vent (USA) 1.04 1.71 

Penicillin NG (Japan) 1.76 1.70 

BARC (India) 1.39 2.02 

В ARC with reservoir 0.84 1.73 

ULTRASONIC 

Mistogen EN-142 (USA) 1.93 1.52 

Omuron NE-U11 (Japan) 1.62 1.50 

Devilbiss Model 65 (USA) 1.78 1.60 

Dm: Mass median diameter (n = 5) 
ag: Geometric standard 

d e v i a t i o n 

4. FACTORS AFFECTING AEROSOL DEPOSITION PATTERNS IN THE 
LUNGS 

One of the physical factors affecting actual aerosol deposition patterns is the 
presence or absence of a reservoir between the aerosol generator and an examinee. 
This relates to the size of aerosol. A reservoir tends to eliminate larger particles. 
With hyperventilation, aerosol tends to deposit more on the central larger airways. 
When a helium and oxygen mixture is used as a carrier gas instead of air, aerosol 
deposition becomes more homogeneous, as illustrated in Fig. 1. 

The effect of the size of aerosol is important. We tried to compare the aerosol 
inhalation lung images by using three different aerosol generators on the same 
subjects. BARC, with a reservoir, produced the smallest aerosol in mass median 
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FIG. 1. Effect of various factors on aerosol deposition patterns in the lungs. 
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FIG. 2. This patient has a right upper lobe pneumonia with a mild obstructive lung disease 
and partial stenosis of the apical segment bronchus of the right upper lobe due to a granuloma. 
All three instruments indicated the site of stenosis and some unevenness of aerosol deposition. 
Mistogen showed a tendency to more central deposition. 
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FIG. 3. Schematic presentation of central and peripheral aerosol deposition patterns. 

diameter, Mistogen a larger sized aerosol and Ultra Vent was in between, as indicated 
in Table I. 

The В ARC and the Ultra Vent tended to show rather similar patterns, with 
more peripheral penetration of inhaled aerosol, and Mistogen showed a tendency to 
more central deposition, as shown in Fig. 2. 

5. AEROSOL DEPOSITION PATTERNS IN AIRWAYS DISEASE 

In emphysematous patients aerosol tends to deposit predominantly on the 
central large airways, while in bronchitic patients patchy aerosol deposition patterns 
are observed as schematically shown in Fig. 3 [7]. In practice, the majority of 
patients show a mixture of the two deposition patterns. On the other hand, when a 
vascular disease is present, ventilation in the diseased region is well maintained [8]. 
This principle is important in the differential diagnosis of airways versus vascular 
diseases. 

6. WHAT IS LUNG FUNCTION? 

Lung function consists of two distinct categories; respiratory and non-
respiratory lung functions. The former is related to gas exchange and the latter to 
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functions other than gas exchange which are indispensable to maintain our daily 
lives. Respiratory lung function consists of ventilation, perfusion and diffusion. 

From the standpoint of nuclear medicine techniques, ventilation is studied 
either with radioactive gases or aerosols. Perfusion is studied with radioactive parti-
cles and radioactive gases including positron emitters. Diffusion is studied by using 
radioactive carbon monoxide. 

Non-respiratory function of the lungs can be studied with 9 9Tcm albumin or 
9 9Tcm phytate aerosol for mucociliary clearance, with injected albumin for vascular 
permeability, with inhaled DTPA aerosol for pulmonary epithelial permeability and 
with injected gallium citrate and 123I IMP for other functions such as metabolism, 
receptor assay or still not well defined functions. 

7. PERFUSION VERSUS VENTILATION IN LUNG DISEASES 

In parenchymal lung diseases, chest X-rays are usually abnormal and we can 
expect corresponding perfusion abnormalities on lung imaging. In vascular and 
airways disease chest X-rays often appear normal. Both vascular and airways 
diseases also induce perfusion abnormalities. In the former, perfusion abnormalities 
are understandable because vascular channels to carry the blood are diseased. But 
why do they occur in airway diseases? 

Respiratory gases should be blamed for the decreased perfusion [9]. Perfusion 
decreases when hypoxic gases are inhaled to one lung [10]. When ventilation to the 
right lung was stopped in a dog, perfusion in the right lung also decreased [11]. 
When the right upper lobe of a dog was selectively given gases of different oxygen 
concentrations, perfusion in the right upper lobe decreased when hypoxic gases were 
given. This reaction has nothing to do with nervous integrity. The same phenomena 
were observed not only in the normal lung lobe but also in the denervated reim-
planted lung [12]. 

We can find similar clinical situations in patients with obstructive airways 
disease and/or after bronchography. When bronchography is done, perfusion 
decreases because ventilation is disturbed by contrast material. 

The underlying mechanism is that alveolar hypoxia induced by alveolar 
hypoventilation triggers regional hypoxic vasoconstriction. 

8. WHAT HAPPENS TO VENTILATION WHEN PERFUSION IS 
BLOCKED? 

From the well-known experiments of Severinghaus and his group it is believed 
that ventilation is greatly diminished when perfusion is blocked [13]. This is 
contradictory to the findings in patients with pulmonary embolism in whom normal 
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TABLE II. RELATIONSHIPS BETWEEN REGIONAL 
PERFUSION AND VENTILATION 3 a 

Ventilation versus perfusion 
+ 

Diagnosis 

Vascular 

+ 

Airways 

Non-existent 
or shunt 

3 When perfusion is absent in the ventilated regions, the under-
lying pathology would be vascular. When both ventilation and 
perfusion are abnormal, airways disease is likely. 

ventilation is seen in non-perfused embolic regions [8]. Why is there such a d i s -
crepancy between the experimental findings and clinical observations? 

To approach this question animal experiments were designed. When either the 
left or the right pulmonary artery is blocked, perfusion of that side of the lung natur-
ally ceases. When the same animal is studied using xenon gas inhalation, ventilation 
in that lung is diminished and wash-out of inhaled xenon gas is delayed immediately 
after the pulmonary artery occlusion [14] because of bronchoconstriction, as shown 
by Severinghaus [13]. When a long term study is done by blocking perfusion of one 
lung, neither hypoventilation nor bronchoconstriction is evidenced after 6 hours 
following the arterial blockade. Although perfusion is absent in that lung, both wash-
in and wash-out of xenon gas and aerosol inhalation lung images do not differ from 
control studies [14]. 

' What we have found is that Severinghaus's observation is true but that 
hypoventilation and/or bronchoconstriction after vascular blockade lasts only tran-
siently. In dogs it disappears within 6 hours [16]. After that transient period ventila-
tion always regulates perfusion. Or in other words, perfusion is subordinate to 
ventilatory changes. 

Relationships between ventilation and perfusion and disease status are summa-
rized in Table II. 

9. IMMEDIATELY POST-OPERATIVE LUNG FUNCTION 

Immediately post-operative lung function is little understood. Because the 
BARC nebulizer generates a small sized aerosol, we have tried to use this aerosol 
for ventilatory studies followed by MAA injection. 
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FIG. 4. The ventilation and perfusion relationships, or VI/Qp of the operated and the 
contralateral lungs calculated by dividing the partition ratio of deposited inhaled aerosol with 
the perfusion ratio of the respective lung. 

Our working hypothesis was that, in the operated lung, lung function would 
recover with time after surgery, while in the non-operated lung function would 
remain constant. 

We have studied 11 patients so far. The timings of the study were before 
surgery, on the 3rd post-operative day, 1 week and 3 weeks after lobectomy. 

What we have found is that lung function in the operated side remains constant 
or becomes less functional if at all, and that the contralateral lung shows more func-
tion than pre-operatively. Although blood gas becomes worst on the 2nd or 3rd post-
operative day, recovering in 3 weeks to the post-operative levels, blood gas levels 
and Vi/Qp ratios in the operated and contralateral lungs are generally found pretty 
well preserved post-operatively, as shown in Fig. 4. Matched inhalation and perfu-
sion abnormalities have often been found not only in the operated lungs but also in 
the contralateral lungs, indicating perfusion changes as secondary to ventilatory 
changes due to mucus plugging, as shown in Fig. 5. Cardiac index and mean pulmo-
nary artery pressure has also remained fairly constant but partition of the cardiac 
index to the operated and contralateral lungs naturally has differed considerably in 
each after surgery. 

'INHALATION / PERFUSION' RATIO 

(mean ± S E.) (n=6) 

operated side 

cont ra la tera l 
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FIG. 5. A 46-year-old male underwent right upper lobectomy for pulmonary cyst. He was 
found to have left lower lobe atelectasis on the third post-operative day in addition to a 'hot 
spot ' on the operated side indicating mucus stagnation. Chest X-rays were not very helpful. 
By the seventh day the patient had overcome the episode. 

Another merit of doing pre-operative evaluation is illustrated in Fig. 6. In this 
patient right lower lobectomy was planned for adenocarcinoma, but at the pre-
operative study ventilation in the right upper lobe was found greatly diminished, as 
shown in Fig. 6. By repeat bronchoscopy the right upper lobe bronchus was found 
to have a narrowing due to metastasis and the operation was given up. 

10. MUCOCILIARY CLEARANCE 

Mucociliary clearance function can be studied by sequential delayed imaging. 
Especially if a radioactive droplet is placed on the airways, the droplet migrates 
upward with time. The droplet migration or transport on the trachea is disturbed by 
forced smoking in the dog in a dose dependent manner [15]. Taking a hint from this 
droplet migration, we proposed 'radioaerosol inhalation lung cinescintigraphy' in 
order to visualize the actual mucous flow in vivo [16]. After making multiple 
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FIG. 6. A right lower lobectomy for adenocarcinoma was planned for a 46-year-old female. 
Pre-operative aerosol inhalation and perfusion lung imaging revealed nearly absent aerosol 
deposition and decreased perfusion in the right upper lobe. Metastasis which was not recog-
nized in the other pre-operative evaluations was found and surgery was given up. 

sequential images of short duration following aerosol inhalation we display the 
sequential images as a high speed display or in cine mode so that we can see the 
actual mucous flow on the airways [16]. Furthermore, we can make a quantitative 
analysis of the time/activity curves obtained from the sequential images [17]. 

In normals, aerosol distribution in the lungs is homogeneous and mucus trans-
port on the airways is steady and cephalad in direction. There are four basic,types 
of abnormal mucus transport patterns. They are regurgitation, straying into the oppo-
site side or different parts of the same lung, stasis and spiral transport patterns [18]. 

In order to evaluate mucociliary clearance on a quantitative basis, we have 
introduced five indexes as shown in Fig. 7 [18]. Here A represents the extrapulmo-
nary airways such as the trachea or the carina, B, the intrapulmonary ciliated 
airways, C, the alveolar space or the non-ciliated small airways, and D, the digestive 
system. In actual calculation radioactivity in В and С were taken into consideration. 
Radioactivity remaining in the lungs at 24 hours was defined as alveolar deposition 
or С in Fig. 7. 
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FIG. 7. Five indexes for quantitative evaluation of mucociliary clearance function in the 
lungs. See text for abbreviations. Suffix t indicates radioactivity corrected for physical half-life 
at time t after inhalation and 0, radioactivity at zero time or immediately after inhabtion. 

Because of close relationships between the actual alveolar deposition ratio, and 
FEV1 % by lung function and lung retention ratio at 60 min, we have derived a 
regression formula of ALDR = - 4 8 . 0 8 + 0.47 x FEV1 % + 0.59 x LRR 60 to 
estimate the alveolar deposition ratio by using the two variables. Here ALDR is 
alveolar deposition ratio in % that is equivalent to lung retention ratio (LRR) at 24 
hours; FEV1 % in %, forced expiratory volume in one second divided by forced vital 
capacity; and LRR 60, LRR at 60 min in % [19]. By using this formula we need not 
measure radioactivity again 24 hours later [19]. 

Normal values in the form of 95% confidence intervals of each index are 
shown in Fig. 8. Even in normal subjects there is little difference between smokers 
and non-smokers [17]. In patients with obstructive airways disease there is a differ-
ence in each index as compared with normals [18]. In vascular or interstitial lung 
diseases, however, these indexes are not much different from normals [20, 21]. 

Evaluation of the effect of treatment is an interesting question. When patients 
with bronchial asthma in remission are treated with inhalation of salbutamol and 
aminophylline injection, aerosol deposition patterns become more homogeneous. 
The alveolar deposition ratio increases after treatment, and more radioactivity 
deposits in the periphery of the lungs [22]. There is, however, little difference in 
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FIG. 8. 95% confidence intervals for the five indexes. Alveolar deposition ratio is equivalent 
to lung retention ratio at 24 hours. 



TABLE III. MULTIPLE REGRESSION FUNCTIONS TO ESTIMATE LUNG FUNCTION FROM PERFUSION LUNG IMAGES 

Area ANG N YG XG MAC CSD Constant 
XO.OI 

VC 5.2807 -7.2224 -20.5947 1.4479 -0.9431 50.9776 xO.l (L) 

% VC 6.0516 43.2152 (%) 
FEV1 4.2648 -10.9532 -22.8641 1.5021 28.3380 xO.l (L) 

FEV1 % 1.5542 -11.9052 -36.3418 2.1657 119.4969 (%) 
MMF 0.4707 -1.4361 -3.5537 0.1972 4.0964 (L/s) 

MBC 17.0334 -43.1180 -92.7753 6.1163 113.8241 (L/min) 

V50 0.4508 -1.2639 -3.6349 0.2219 4.1190 (L/s) 

%v50 4.8683 -58.3608 3.8174 62.2358 (%) 
V25 0.2461 -0.8285 -1.4409 0.0688 1.5587 (L/s) 

%v25 4.2193 -40.1060 2.2949 42.0333 (%) 



Vp 0.9392 -2.4782 -6.0128 0.4561 

%Vp 5.9918 -54.6873 3.7695 

FRC 3.4485' -6.3348 0.7080 

RV 1.3809 

%RV 5.7686 56.9099 

TLC 6.4596 -12.6609 -20.3400 0.8142 

%TLC 6.0397 

RV/TLC -2 .0646 24.5289 -1 .1354 

DLco 3.1881 -7 .6234 -20.9335 0.4641 

%DLco 5.4895 -62.0215 

DLco/VA -0.9979 

% DLco/VA -68.3121 

8.5129 (L/s) 

89.6652 (%) 

2.2234 -34.7189 xO.l (L) 

1.5630 -23.1075 XO.l (L) 

10.5570 (%) 

3.2673 -25.2720 xO.l (L) 

54.2361 (%) 

30.1099 (%) 

28.6431 (mL/min per mm Hg) 

111.2774 (%) 

-0.4347 14.7991 (mL/min)/(mm Hg/L) 

193.9463 (%) 
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airway clearance efficiency before and after treatment with a beta-2 stimulator such 
as salbutamol. 

Aerosol offers a great potential for the study of mucociliary clearance function 
in the lungs. At present we measure radioactivity continuously for 60 min at 10 s 
intervals for cinescintigraphy and do quantitative analysis without repeating the 
measurement at 24 hours. 

11. PULMONARY EPITHELIAL PERMEABILITY 

In 1968 Taplin and Isawa tried to study diffusion in the lungs of patients who 
had either alveolar proteinosis or sarcoidosis. The patients inhaled 99Tcm DTPA 
aerosol but its disappearance from the lungs was so fast that we could not quantify 
the disappearance without a computer. We did not have a computer at that time. We 
reported this test as lung liquid diffusibility [23]. With the advent of computer the 
aerosol's disappearance from the lungs can be easily calculated and this is now 
widely accepted as a useful test to show pulmonary epithelial permeability [24]. 

In normal subjects inhaling 99Tcm DTPA aerosol in the supine position, there 
is little difference in disappearance time (in Т й ) between the upper and lower lung 
regions. 

In patients with sarcoidosis, interstitial fibrosis and pneumonia, T,A increased 
after treatment. Between the T,A of the patients with idiopathic interstitial fibrosis or 
pneumonitis and normal subjects, there is a significant difference and Т й is short-
ened at any region of the lungs in the patients with interstitial lung diseases. In 
patients with carcinoma receiving chemotherapeutic agents T¡A tends to become 
smaller as the dose of chemotherapeutic agents increases, and in patients with post-
radiation pneumonitis, Ty2 increased as the disease process became stabilized. 

At present we do not know the true mechanisms of disappearance of inhaled 
DTPA, but it seems certain that it reflects some process of epithelial permeability. 
Further study is required. 

12. QUANTITATIVE ANALYSIS OF UNEVENNESS ON LUNG IMAGES 

Unevenness of radioactive distribution on a lung image should be an expression 
of underlying pathophysiology or lung function. We have approached this question 
by trying to quantify the unevenness of radioactivity distribution on lung images in 
relation to function. 

There are several ways to express the unevenness of count distribution in an 
organ; count profile display, three dimensional display, contour display and 
numerical display. 
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We used a count profile display of each row and column of lung image 
matrixes, namely, horizontal and vertical profiles, to quantify the unevenness. 

First, the following parameters were defined to express the shape of the lung; 
AREA, the total number of matrixes on image, and LX and LY, the transverse and 
longitudinal dimensions of the image, respectively. To express the characteristics of 
the entire distribution, the G vector was defined to express the centre of mass, its 
components XG and YG and its absolute value G were defined. MAP was defined 
to show a vector indicating the average position of the maximum count. 

In both horizontal and vertical profiles, the number of peaks, N, the difference 
in height in between each peak and valley, C, and its distance, D, were defined. Then 
the co-ordinate of the maximum count of each row and column, MAP, its count, 
MAC, and half width, HW, were defined. For С and Ds, their mean, M, standard 
deviation, SD, variance,. VAR, and sum, L, were calculated. ANG was defined as 
CM/DM. The total number of indexes thus defined amount to 21. 

Then six components from Z1 to Z6 were selected by applying principal 
component analysis to perfusion lung images and factor loading was done on each 
component. 

Z1 and Z5 have turned out to be complementary to each other and express the 
size of the lungs, Z2 and Z6, the degree of the unevenness of the count profiles, and 
Z3 and Z4, the longitudinal and horizontal deviation of the G vector, respectively. 
From the above analysis, seven indexes were finally selected out of 21 for Z1 to Z6. 

Table III shows multiple regression functions to estimate lung function by 
using these seven indexes. Statistical reliability was satisfactory for estimating lung 
volumes and mechanics with significantly large correlation coefficients but less good 
for estimating diffusing capacity with less good correlation coefficients [25]. 

Using the same reasoning, multiple regression functions were derived to esti-
mate lung function from aerosol inhalation images [24]. A comparison of each index 
with the aerosol deposition patterns was also made [26]. 
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Abstract 

99Tcm D T p A a e r 0 S 0 L STUDIES OF THE LUNG IN INHALATION INJURIES IN 
BURN PATIENTS. 

The clearance of a submicronic sized aerosol of technetium-99m diethylenetriamine 
pentaacetate ( 9 9Tcm DTPA) from the lungs was measured to assess the increase in respiratory 
epithelial permeability that follows on inhalation injuries in burn patients f rom hypoxaemia, 
thermal or chemical means. The patients breathe a submicronic aerosol for 3 min, and a 20 
min, 1 min/frame dynamic acquisition is started immediately following that. Regions of 
interest (ROI) are drawn over each lung in the reframed images to obtain time/activity curves 
for which an exponential fit is done to obtain a clearance half-time (T1/2). Over a period of 
eighteen months beginning in January 1987, the authors studied 12 normal, non-smoking 
volunteers, eight patients with a low suspicion of inhalation injury, and 33 with thermal or 
chemical injuries who were entered into a study protocol for burns. In the normal volunteers 
and normal patients, mean T,¿ was 66 min ± 1 SD of 12 min; of the 33 patients in the study 
protocol 25 had bronchoscopy done, and the severity of the bronchoscopic findings was 
graded. The T,A in those patients with moderate to severe oedema, inflammation and ulcera-
tion was 36 ± 1 SD of 11 min. In conclusion, in the non-smoker, without pre-existing lung 
disease, the clearance Т,/г of 9 9Tcm DTPA does provide information on lung parenchymal 
damage in respiratory burns. 

1. INTRODUCTION 

Twenty to thirty-five per cent of patients admitted to burns centres have smoke 
related pulmonary injuries [1] and pulmonary complications occur in 15-25% of 
hospitalized burn victims [2]. The exposure of the respiratory tract to smoke content 
produces inhalation injuries, and this may be due to direct contact of smoke or heat. 
Thermal injury to the face and the upper respiratory tract occurs frequently but is 
uncommon in the lower parts of the airway and lung parenchyma. Inhalation of hot 
particulate material containing toxic chemicals may cause thermal or chemical injury 
of the upper and lower parts of the respiratory tract. 

319 
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The diagnosis of inhalation injury has been assisted by lung ventilation scans, 
fibre optic bronchoscopy, and pulmonary function tests [3]. Recent studies using 
plain chest X-ray show that bronchial wall thickening and subglottic oedema not only 
indicate upper airway damage, but may also indicate damage to lung 
parenchyma [4]. 

Inhaled radioaerosols are now commonly used to observe the distribution of 
ventilation in the lungs, and also to obtain an index of lung permeability. This study 
was undertaken to observe changes, if any, on regional lung ventilation and in 
respiratory epithelial permeability in suspected inhalation injuries following on 
burns. 

2. MATERIALS AMD METHODS 

Since January 1987, all patients with burns who were entered into a study 
protocol for burns, also had, where feasible, dynamic ventilation lung studies using 
technetium-99m diethylenetriamine pentaacetate ( " T c m DTPA) as an aerosol. 
Twelve normal volunteers (non-smoking army recruits) were studied initially to 
obtain values for 99Tcm DTPA aerosol clearance in normal subjects. There were 
eight patients with low suspicion of inhalation injury, i.e. exposure to fire at extremi-
ties of limbs, and 33 patients in whom inhalation injury was clinically suspected. The 
diagnosis was suspected if three or more criteria were satisfied: 

(1) A definite history of inhalation burns or burns sustained in an enclosed space; 
(2) Flame burns involving face and neck; 
(3) Singed nasal hairs; 
(4) Mucosal burns of the lips, mouth and throat; 
(5) Soot in the nostrils and throat. 

The subjects breathe a submicronic aerosol of 99Tcm DTPA ( < 1 цтп mean 
mass aerodynamic diameter, С ADEMA, USA) for 2-3 min after instillation of 
20-25 mCi (740-925 MBq) of freshly prepared 99Tcm DTPA into the nebulizer. 
The radioactive solute was prepared by adding the 99Tcm dose in 3 mL physio-
logical saline to a commercial vial of DTPA (Amersham, UK) and the binding of 
99Tcm to DTPA was about 95%, using paper chromatography. The nebulizer was 
connected to the wall oxygen supply and a flow rate of 10 L/min was used. 

Immediately following the radioaerosol inhalation a dynamic acquisition was 
started using an Elscint Apex 409A gamma camera/computer system with the patient 
supine and the gamma camera placed posteriorly over the lungs. Twenty frames at 
1 minute per frame were acquired over a 20 minutes period. Subsequent reframing 
was done to produce a single reframed image and regions of interest (ROI) were 
drawn around each lung. Time/activity curves were then obtained for each lung and 
an exponential fit was performed on the time/activity curves to obtain a clearance 
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half-time (T,/J, i.e. time for 50% of the radioaerosol to clear from the lung. Reten-
tion images were also generated to note any discrepancy in regional lung clearance 
of " T c m DTPA aerosol. No corrections were made for contribution of circulating 
and tissue radioactivity to the total counts detected over the lung field, i.e. non-lung 
parenchymal radioactivity. The ventilation study was generally done within three 
days of admission. Serial studies were done in a few patients in hospital and as 
out-patients. 

Fibre optic bronchoscopy was usually done within a day of the burns, using 
an Olympus bronchofibrescope BF Type B2. The severity of damage noted at 
bronchoscopy was graded as follows: 

0 = normal 
1 = mild oedema and hyperaemia 
2 = moderate oedema, hyperaemia and secretions 
3 = severe oedema, inflammation, ulceration and slough. 

Twelve of the patients studied were Koreans who were involved in an ammonia 
tank explosion on board a ship. The remaining 21 were patients from Singapore who 
were exposed accidentally to kerosine stove fires or gas explosions, or who 
attempted suicide. 

3. RESULTS 

In the 12 normal, non-smoking adult volunteers and in the eight patients with 
a low suspicion of inhalation injury, the time taken for 50% of the inhaled aerosol 
to be cleared from the lungs, Т й , ranged from 47 to 78 min with a mean of 66 min 
± 1 SD of 12 min. The volunteers were in their twenties while the patients were in 
the 30-45 age group. There were no significant differences in clearance between 
right and left lungs. 

In the group of 33 patients with suspicion of inhalation injury 12 were Korean 
males in their thirties. They were exposed to ammonia from an ammonia tank explo-
sion on board a ship in the South China Sea and they were flown to the Singapore 
General Hospital the same day and managed by the Burns Unit in this hospital. An 
inhalation injury caused by chemicals was presumed and though 15 were transferred 
from the ship to hospital only 12 were able to have the aerosol studies done. All these 
12 also had bronchoscopy done, mostly within a day after admission, though in one 
of them the delay was 6 days. In nine of these 12 patients the bronchoscopy findings 
were graded as grade 3 severity while the remaining three patients had no abnormal-
ity on bronchoscopy. The was normal in two of these patients (mean 68 min) 
and abnormal in the third one, i.e. a value of 36 min; this was possibly due to the 
ventilation study being done first and the bronchosopy being done five days later, 
with probable improvement. In the nine patients with severe respiratory damage 
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TABLE I. SUMMARY OF BRONCHOSCOPY AND VENTILATION STUDY 
RESULTS 

Total number of patients = 33 
No. of patients with bronchoscopy and ventilation study = 25 
Normal subjects T,A = 66 ± 1 SD of 12 min 
(No. = 20) 
Patients T,A = 36 ± 1 SD of 11 min 
(No. = 33) 

Bronchoscopy 

Normal Т й 

Abnormal T,A 

Total 

Grade 0 + 1 

No. = 10 
No. = 1 

11 

Grade 2 

0 
0 

Grade 3 

1 
13 

14 

Total 

11 
14 

25 

noted at bronchoscopy the Т й was in the range of 22-39 min with a mean of 32 
min. 

The other group of local patients comprised 13 patients, who had both bron-
choscopy and ventilation study done. This group of patients was exposed to thermal 
injury or products of combustion. In eight of these patients bronchoscopy was normal 
and so also the clearance time T.A; of the other five patients, one had grade 3 bron-
choscopic findings while the T,A was normal; this was probably because the scan 
was done one week after bronchoscopy and there may have been improvement in 
lung status, since a repeat study done two months later showed normal Т й again. 
In the remaining four patients bronchoscopy was grade 3 and the Т и was also 
abnormal. The results of all the 25 patients who underwent bronchoscopy are 
summarized in Table I, while Figs 1 and 2 show examples of normal and abnormal 
radioaerosol ventilation.studies respectively. 

The retention images in normal subjects showed more clearance tracer in the 
apices and edges of the lung fields at the end of the study period. Similarly in the 
patients with abnormal bronchoscopic findings the ventilation images generally 
showed patchy radioaerosol distribution in both lungs, while the retention images 
showed obvious increased regional clearance in only a few patients with high likeli-
hood of lung parenchymal damage. Chest X-rays were normal in most of the patients 
at the time of the ventilation study, though subsequent films did show evidence of 
bilateral patchy infiltration (pneumonitis) or oedema, particularly in the basal areas. 
Pulmonary function measurement was done in only a few patients and no analysis 
could be done. There was no correlation between the partial pressure of arterial 
oxygen Pa02, and the grading of bronchoscopic findings or the ventilation study T./2 

results. 
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FIG. 1. Study of a normal subject. 
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F/G. 2. Study of an abnormal subject. 

4. DISCUSSION 

Inhalation injuries resulting from fires are uncommon in the lower airways and 
lung parenchyma, unless there is steam exposure. Chemical injuries to the respira-
tory tract depend on the chemical involved, the concentration of the chemical, its 
solubility and duration of exposure. Ammonia, for example, tends to dissolve in the 
upper repiratory tract and cause injury there but when the concentration is high or 
the exposure is prolonged, there may be damage to the lower respiratory tract as 
evidenced by our study of the twelwe patients exposed to an ammonia tank explo-
sion, when both the bronchoscopy and ventilation study showed abnormal findings 
in nine of them. 

Fibre optic bronchoscopy, 133Xe lung scans and pulmonary function tests 
have been objective tests in the diagnosis of inhalation burn injury [3, 5, 6]. 
Bronchoscopy is safe and accurate and it is possible to visualize larynx, trachea, 
carina and main stem and segmental bronchi. Xenon-133 lung scans are not available 
in our part of the world, and would be expensive for us to use routinely; hence our 
decision to use 99Tcm DTPA aerosol. Both the aerosol and the xenon lung scan have 
the limitation of false positives and false negatives in patients with pre-existing lung 
disease, and if they are smokers. Our patients were healthy young persons who had 
no proven lung disease previously, though some of them in the ammonia burns group 
may have been smokers. The damage caused by the ammonia was probably worse 
than the effects of smoking, as proven by the bronchoscopy findings. Pulmonary 
function tests such as FEV1 (forced expiratory volume in one second), and MEFV 
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TABLE II. CHANGE IN CLEARANCE RATES WITH TIME 

325 

Name Date Right lung Т,л Left lung Т й X-ray ehest 

BJU 16-12-87 29 min 24 min Normal 
31-12-87 33 min 25 min Patchy bilateral 

opacities 
20-01-88 35 min 35 min Patchy bilateral 

opacities 

KMS 15-12-87 25 min 31 min Increased markings 
right lower zone 

2-01-88 18 min 18 min Increased markings 
right lower zone 

4-01-88 23 min 24 min Right lower zone 
effusion and patchy 
left lower zone 

JUB 16-12-87 40 min 34 min Normal . 
31-12-87 70 min 50 min Normal 

(maximum expiratory flow volume) were not done routinely as it would have been 
difficult for most of these patients to co-operate. A previous study done at this hospi-
tal [6] did not show any correlation between severity of bronchoscopic changes and 
Pa02 or the severity of the skin burn. The single false negative radioaerosol ventila-
tion result was possibly due to this investigation being done one week after the 
bronchoscopy, while the single false positive was either due to the effect of smoking, 
or due to the delayed bronchoscopy five days after the ventilation scan. 

It would appear that the retention images produced to obtain an index of 
regional lung ventilation and damage are not useful in most cases. Serial studies in 
a few patients with lung parenchymal damage from inhalation burns have shown 
progressive important improvement, deterioration, or no change in regional ventila-
tion and clearance times of the radioaerosol, as shown in Table П. Unfortunately, 
most of the Koreans were flown back home soon after the accident and it was not 
possible to get long term serial studies; similarly, we were unable to persuade most 
of the bronchoscope»! local patients to undergo repeat studies. 

Recent studies using the plain chest film after smoke inhalation [4, 7] have 
pointed to bronchial wall thickening and subglottic oedema, as heralding more 
serious respiratory damage both to the upper airways and to the lung parenchyma. 
We have not been able to correlate the radioaerosol clearance times with the X-ray 
chest findings. 
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An increase in the rate of submicronic aerosol of 99Tcm DTPA clearance from 
the lungs has been reported in normal persons breathing at high lung volumes [8], 
healthy cigarette smokers [9], patients with chronic interstitial lung disease [10] and 
in patients with adult respiratory distress syndrome [11]. Hence there is a belief that 
measuring altered respiratory epithelial permeability clearance rate of 99Tcm DTPA 
radioaerosol is not specific enough for use in the clinical situation [12]. The present 
authors suggest that, in otherwise healthy, particularly young patients with no 
pre-existing lung disease and who are non-smokers (as is often the case here), there 
is a useful role for simple radioaerosol studies in assessing the lung parenchymal 
damage from respiratory burns. 
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DISCUSSION 

Asked by the Chairman whether the work presented had included lung perfu-
sion studies, Mr. Sundram stated that such studies had been performed on a few 
severely burned patients only. In these patients the perfusion and ventilation defects 
were matched. 

Asked to what extent the results reported could be correlated with clinical 
progress, and whether follow-up studies had been performed, Mr. Sundram stated 
that, naturally, the greater the initial damage the greater were the abnormalities in 
the initial ventilation image and the longer was the time needed for recovery. It was 
not possible to correlate the initial clearance time with the prognosis. All the patients 
studied had eventually recovered. Follow-up studies had been carried out on a few 
patients only and had shown a return to normal clearance times after about three 
weeks. 

Mr. Isawa raised the questions whether the proximal or the distal airways were 
the more damaged in injury from inhaled ammonia, and whether the observed 
patterns of deposition of tracer reflected changes in bronchial or in alveolar permea-
bility. Mr. Sundram indicated that damage after exposure to low concentrations of 
ammonia was restricted to the proximal airways, but that damage after exposure to 
high concentrations involved both the proximal and the distal airways, including the 
alveoli. Increased central deposition of tracer reflected changes in both bronchial and 
alveolar permeability. 

A speaker queried the mean value of 66 min quoted for the half-clearance time 
of 99Tcm MAA in normal subjects, noting that he and other workers had found con-
siderably lower values. The Chairman pointed out that the value would depend on 
the aerosol particle size. Mr. Sundram stated that he and his co-workers had not 
measured the particle size of the aerosol they had used, but that according to the 
manufacturer the mean diameter was about 0.8 pirn. Other published values for the 
half-clearance time were in accord with theirs. 

Acknowledging the interest of the work presented, particularly in view of the 
difficulty in performing bronchoscopy on patients with burn or fume injuries, a 
speaker pointed out that patterns of breathing might change dramatically after such 
injuries and during the early stages of recovery from them. Such changes might 
greatly influence radioactive aerosol distributions. Standardization of procedure with 
respect to such factors as position of the patient was then essential. The results of 
simultaneous lung function tests not involving radionuclides might also be of value 
in the assessment of ventilation images. Mr. Sundram indicated that imaging had 
generally been performed two days after injury. Classical tests of lung function, 
when they had been performed, had given results in the normal range. 
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Abstract-Résumé 

SCINTISCANNING WITH AEROSOLS OF 9 9Tcm DTPA IN T H E DIAGNOSTIC 
STRATEGY FOR PNEUMOCYSTOSIS IN AIDS PATIENTS. 

Pulmonary clearance of an aerosol of 9 9Tcm DTPA was measured in 21 non-smoking 
AIDS and pneumocystosis patients. The results were compared with those of pulmonary scin-
tiscanning with gallium. All the patients exhibited increased clearance, evidence of a consider-
able alteration in alveolar permeability. This increase was also observed in patients with 
normal chest X-rays and normal blood gases. The average clearance in these patients was 6 
± 2% m i n - 1 as compared with a normal 1.1 ± 0 .3% m i n - 1 . Conversely, only four out of 
eight patients with normal chest X-rays had abnormal gallium scans. Clearance returned to 
normal after recovery. Measurement of DTPA clearance appears to be a very sensitive indica-
tor for the detection and follow-up of pneumocystosis. However, it is not very specific since 
it can be increased by tobacco poisoning, drug abuse and the presence of lymphocytic alveo-
litis. An examination with normal findings can therefore exclude the possibility of opportunis-
tic pneumopathy and make bronchial lavage unnecessary. An examination with abnormal find-
ings should show whether lavage is indicated, event if the chest X-rays, blood gases and 
gallium scans are normal. 

LA SCINTIGRAPHIE AUX AEROSOLS DE DTPA 9 9Tcm DANS LA STRATEGIE 
DIAGNOSTIQUE DE LA PNEUMOCYSTOSE C H E Z LES MALADES ATTEINTS DE 
SIDA. 

La clairance pulmonaire d 'un aérosol de DTPA 9 9Tcm a été mesurée chez 21 malades 
non fumeurs atteints de SIDA et de pneumocystose. Les résultats ont été comparés à ceux de 
la scintigraphie pulmonaire au gallium. Tous les malades avaient une clairance augmentée 
témoin d 'une altération considérable de la perméabilité alvéolaire. Cette augmentation 
s'observait aussi chez les malades dont la radiographie thoracique et les gaz du sang étaient 
normaux. Chez ces malades, la clairance moyenne était de 6 ± 2 % m i n - 1 pour une normale 
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à 1,1 ± 0,3 % m i n - 1 . Par contre seulement 4 sur les 8 patients dont la radiographie thora-
cique était normale avaient des scintigraphies au gallium anormales. La clairance redevenait 
normale à la guérison. La mesure de la clairance du DTPA apparaît très sensible pour la détec-
tion et le suivi des pneumocystoses. Elle est toutefois peu spécifique car elle peut être augmen-
tée par l'intoxication tabagique, la toxicomanie et lorsqu'existe une alvéolite lymphocytaire. 
Un examen normal permet donc d'exclure une pneumopathie opportuniste et rend le lavage 
bronchique inutile. Un examen anormal doit faire poser l'indication d 'un lavage même si la 
radiographie thoracique, les gaz du sang et la scintigraphic au gallium sont normaux. 

1. INTRODUCTION 

Les pneumopathies à germes opportunistes sont extrêmement fréquentes chez 
les malades atteints de syndrome d'immunodépression acquise (SIDA) [1]. Elles 
constituent souvent la première manifestation de début de la maladie chez les sujets 
séropositifs au virus HIV. Leur pronostic extrêmement grave impose que leur 
diagnostic soit fait précocement. Celui-ci repose essentiellement sur la fibroscopie 
bronchique suivie du lavage bronchoalvéolaire, seul examen permettant actuellement 
de trouver le germe responsable dans les fluides alvéolaires. Toutefois, l'indication 
du lavage alvéolaire est souvent délicate à poser chez ces patients. En effet, chez les 
malades atteints de SIDA, les pneumopathies opportunistes, et essentiellement celles 
à Pneumocystis carinii qui touchent 60 % des patients, s'expriment par une 
S y m p t o m a t o l o g i e clinique souvent discrète [2]. Ainsi, les signes d'appel peuvent se 
limiter à une altération de l'état général, un amaigrissement, de la fièvre, tous 
symptômes n'attirant pas l'attention sur l'appareil respiratoire. La radiographie 
thoracique peut être strictement normale ainsi que les gaz du sang. Dans ces condi-
tions, l'indication du lavage alvéolaire est difficile car il s'agit d'un examen vulné-
rant qu'on hésite à répéter chez ces malades qui ont subi de multiples hospitalisa-
tions. Un certain nombre d'équipes ont donc proposé d'utiliser des explorations non 
invasives afin de détecter l'atteinte pulmonaire et de mieux sélectionner ainsi les 
patients chez lesquels le lavage alvéolaire est nécessaire [3-5]. Coleman a proposé 
la scintigraphic au gallium [3]. 

Cet examen est, en effet, parfois positif chez des malades atteints d'une pneu-
mopathie opportuniste et dont la radiographie thoracique est normale. Il montre alors 
une fixation pulmonaire diffuse de l'isotope. Toutefois, il comporte un nombre 
important de faux négatifs. Nous avons, comme d'autres équipes, utilisé chez ces 
patients la mesure de la perméabilité épithéliale pulmonaire obtenue par l'étude de 
la clairance d'un aérosol submicronique de DTPA 99Tcm [4, 5]. En effet, il s'agit 
d'un moyen sensible pour détecter une anomalie de la membrane alvéolocapillaire 
lésée au cours des atteintes opportunistes. Nous avons étudié, par ces deux méthodes 
isotopiques, 96 sujets atteints de SIDA ou séropositifs et suspects d'affections oppor-
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tunistes et nous rapportons ici les résultats obtenus chez 21 de ces sujets atteints de 
Pneumopathie à Pneumocystis carinii. 

2. PATIENTS ET METHODES 

Vingt-et-un patients âgés de 24 à 45 ans non fumeurs, non toxicomanes HIV 
positifs, ayant tous une pneumocystose confirmée par un lavage bronchoalvéolaire 
réalisé moins de 8 jours après les explorations scintigraphiques ou fonctionnelles, ont 
été sélectionnés pour l'étude. Onze d'entre eux ont été étudiés à nouveau après traite-
ment. L'exploration isotopique était conduite de la façon suivante: le sujet, placé 
devant la gammacaméra en incidence postérieure, inhale pendant 3 min en respira-
tion spontanée un aérosol submicronique (MMAD 0,5 /¿m) produit par un nébuliseur 
sous une pression de 1 bar à partir d'une solution de DTPA 99Tcm [6, 7]. Le 
DTPA, de poids moléculaire 490 daltons, est une petite molécule hydrosoluble qui 
traverse après sa déposition intrapulmonaire la membrane alvéolocapillaire. Immé-
diatement après la fin de l'inhalation, la décroissance de la radioactivité pulmonaire 
est suivie pendant 20 min au rythme d'une image toutes les 30 s. Des zones d'intérêt 
sont tracées sur chaque champ pulmonaire et la courbe de la radioactivité, pendant 
les sept premières minutes, est ajustée selon un modèle exponentiel. La constante de 
décroissance de cette courbe corrigée de la décroissance du technétium est la clai-
rance du DTPA. Elle est exprimée en % de décroissance par minute. La normale 
du laboratoire pour des sujets non fumeurs est de 1,01 + 0,3 % m i n - 1 , n=10. Un 
résultat est considéré comme anormal et témoigne d'une augmentation de la perméa-
bilité s'il dépasse 1,8 % m i n - 1 . Après cet examen, le patient reçoit une injection 
intraveineuse de 5 mCi de citrate de gallium 67 et la scintigraphic pulmonaire au 
gallium est pratiquée 48 h après cette injection. Les résultats sont exprimés selon les 
stades définis par Coleman de 1 (normal) à 4 (fixation supérieure à la fixation hépa-
tique) [3]. Un examen est considéré anormal s'il est de stade 3 ou 4. 

3. RESULTATS 

Les résultats sont exprimés sur le tableau I. Les sujets de l'étude peuvent être 
divisés en deux groupes selon l'aspect de la radiographie thoracique. Treize patients 
(groupe 1) ont une radiographie anormale avec le plus souvent des aspects de Pneu-
mopathie interstitielle diffuse. Huit patients ont une radiographie strictement 
normale. Tous les patients ont une augmentation considérable de la perméabilité 
épithéliale mesurée par la clairance du DTPA même lorsque leur radiographie 
pulmonaire est normale ou lorsqu'ils n'ont pas d'hypoxémie. Quatre patients sur huit 
du groupe II ont, malgré une radiographie pulmonaire normale, une fixation patholo-
gique du gallium sur les poumons mais les quatre autres ont un examen au gallium 



TABLEAU I. RESULTATS EN FONCTION DE L'ASPECT DE LA RADIOGRAPHIE THORACIQUE u> N> 

Groupe I — Radiographie pulmonaire anormale Groupe II — Radiographie pulmonaire normale 

Pa 0 2 

(mm Hg) 
к DTPA (% min" 1) Gallium 

Pa 0 2 

(mm Hg) 
к DTPA (% min" 1) Gallium 

1 59 4,95 4 1 110 8,66 . 1 

2, 80 3,64 3 2 63 8,70 4 

3 70 4,78 3 3 104 4,07 1 

4 54 6,3 4 4 80 6,02 3 

5 49 5,33 4 5 100 5,54 4 

6 80 4,33 3 6 91 5,54 1 

7 110 3,85 2 7 106 3,46 1 

8. 54 3,55 4 8 102 6,6 3 

9 56,5 3,85 4 

10 100 4,95 3 

11 103 6,02 3 

12 100 6,93 3 

13 94 6,3 2 

MX 77 4,98 MS 94,5 6,07 

SDX 22 1,13 SDX 15,8 1,9 
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négatif. Ainsi, chez ces quatre patients dont les gaz du sang sont normaux, la mesure 
de la clairance du DTPA est le seul examen capable de mettre en évidence une lésion 
pulmonaire et de faire poser l'indication du lavage alvéolaire. De plus, même dans 
le groupe I, deux malades (n7, nl3) ont une scintigraphic au gallium de stade 2 c'est-
à-dire non diagnostique. 

Après trois semaines de traitement par le triméthoprime sulfaméthoxazole à la 
dose de 120 mg/kg par jour, 7 sujets sur 11 normalisent les deux tests. La valeur 
moyenne de la clairance est alors de 1,4 + 0,68 % min~' . Chez un malade, la scin-
tigraphic au gallium est normale alors que la clairance du DTPA reste très augmentée 
et que le lavage montre la persistance d'une pneumocystose. La même discordance 
entre l'évolution des deux tests s'observait chez les trois autres malades: l'un meurt 
rapidement d'atteinte extrapulmonnaire; l'un a une cryptococcose; chez le dernier, 
le lavage montre l'apparition d'une lymphocythose importante sans infection 
opportuniste.. 

Les résultats obtenus sur l'ensemble des malades ayant une pneumopathie 
opportuniste montrent une sensibilité de 100 % pour le DTPA 99Tcm alors qu'elle 
n'est que de 66 % pour le gallium. 

4. DISCUSSION 

Les résultats de cette étude montrent que la mesure de la clairance du DTPA 
99Tcm est utile au diagnostic précoce des pneumopathies à Pneumocystis carinii 
chez les malades HIV positifs. En effet, la clairance du DTPA est toujours considé-
rablement augmentée en cas de pneumocystose reflétant une multiplication par 6 à 
10 de la perméabilité alvéolaire normale et ceci même lorsque la radiographie 
pulmonaire est strictement normale. Dans ces conditions, l'augmentation de la clai-
rance permet de porter l'indication du lavage bronchoavéolaire à un stade précoce 
de l'affection. Des études expérimentales réalisées en microscopie électronique chez 
le rat par Yoneda [8] ont montré que l'augmentation de la pérméabilité de la 
membrane alvéolocapillaire était la modification de la structure alvéolaire la plus 
précocement constatée après une infection expérimentale par Pneumocystis carinii. 
Les trophozoites se fixent, en effet, sur l'épithélium alvéolaire et provoquent, 
comme l'ont montré les études histologiques humaines, une hypertrophie notable des 
pneumocytes de type I avec des lésions importantes de leur jonctions 
interépithéliales. Ainsi, l'augmentation de la clairance du DTPA déjà rapportée chez 
le même type de malades par Mason [4] et par notre équipe [5] traduit vraisemblable-
ment l'augmentation de la perméabilité épithéliale alvéolaire aux petites molécules 
hydrosolubles, et est secondaire à l'effet des parasites sur la structure alvéolaire. 

L'anomalie de la perméabilité disparaît lors de la guérison de la pneumopathie 
opportuniste. Elle persiste dans le cas contraire. 



U) 
U) 

TABLEAU II. ANALYSE DES SOUS-POPULATIONS LYMPHOCITAIRES CHEZ SEPT PATIENTS 

Alvéolite lymphocytaire cytolytique 
Lymphocytes alvéolaires „. „,„ } F , Зч % T8 + D44 + 

(n/mm ) 

Test de 
cytolyse 
in vitro 

Perméabilité alvéolaire 

DLCO (% th) DTPA (% min" ' ) 

1 240 78 + 50 6,93 

2 140 90 + 55 4,07 

3 115 75 + 82 3,30 

4 195 70 + ND 3,46 

5 240 69 + 71 4,33 

6 29 16 + 123 1,92 

7 53 22 + 50 2,38 

N < 1 5 < 1 5 - 100 1,1 ± 0,77 
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La mesure de la perméabilité pulmonaire est un examen extrêmement sensible 
dans le dépistage d'une altération de la membrane alvéolocapillaire. Elle semble un 
examen beaucoup plus sensible (100 %) que la scintigraphie au gallium (70 %), à 
la fois pour le diagnostic précoce et pour la surveillance de l'évolution des pneu-
mopathies opportunistes. Bien que la scintigraphie au gallium puisse être positive 
dans certains cas où la radioagrphie pulmonaire est normale, ceci n'est observé dans 
notre série que chez un malade sur deux. 

La spécificité de la mesure de la clairance du DTPA 99Tcm est, par contre, 
beaucoup plus faible. Cela tient à plusieurs facteurs. L'intoxication tabagique récente 
augmente la clairance. Toutefois, celle-ci s'améliore notablement, redevenant 
souvent normale trois semaines après l'arrêt de l'intoxication. La toxicomanie, en 
particulier à l'héroïne, altère la perméabilité épithéliale. Enfin, il existe d'autres 
atteintes pulmonaires susceptibles d'induire une lésion de la membrane alvéolocapil-
laire chez les malades séropositifs au virus HIV. Ainsi, nous avons constaté 
qu'existait chez certains patients séropositifs qui n'étaient ni toxicomanes ni fumeurs 
une augmentation de la clairance alors que le lavage alvéolaire ne contenait aucun 
germe opportuniste. L'analyse cytologique des liquides de lavage de ces patients a 
montré une lymphocytose importante toujours supérieure à 15 %. L'analyse des 
sous-populations lymphocytaires des lavages alvéolaires obtenus chez sept patients 
(tableau II) a montré que ces lymphocytes étaient essentiellement des lymphocytes 
T8 D44 cytotoxiques dirigés spécifiquement contre les macrophages alvéolaires des 
malades qui contiennent le virus HIV [9]. Il existe donc chez ces malades un conflit 
immunologique intrapulmonaire. Les médiateurs libérés au cours de ce conflit sont 
probablement à l'origine de l'altération de la membrane alvéolocapillaire. 

Cette altération apparaît bien plus précocement que les anomalies de la DLCO. 
Par ailleurs, la scintigraphie au gallium est normale chez six sur sept de ces malades. 

En conclusion, nous pensons que la mesure de la clairance du DTPA est 
justifiée chez les malades atteints de SIDA même si, à un stade précoce, peu de 
signes cliniques orientent vers une affection respiratoire. Compte tenu de son 
extrême sensibilité, la mesure de la clairance du DTPA permet d'exclure le diagnos-
tic d'atteinte pulmonaire si cet examen est normal. En cas de positivité de celui-ci, 
la fibroscopie bronchique avec LBA s'impose rapidement, même si gazométrie, 
cliché thoracique et scintigraphie au gallium sont normaux. 
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Abstract 

MODIFIED BARC NEBULIZER SYSTEM FOR MEASURING MUCOCILIARY 
TRACHEAL TRANSPORT RATE IN SMOKERS AND IN PATIENTS WITH CHRONIC 
OBSTRUCTIVE PULMONARY DISEASE. 

A simple noninvasive method for in vivo monitoring of mucociliary tracheal transport 
rate (MTTR) is described. The technique is based on deposition of radioactive aerosols in the 
large airways of the lung and measuring their rate of movement as they are transported up 
the trachea. A technique for generating larger human serum albumin (HSA) radioaerosols, by 
using the BARC dry aerosol delivery system, is described. Qualitative data on bolus motion 
by cinescintigraphy and quantitative data for calculating the MTTR were obtained from a 
computer for 12 normal subjects, three asymptomatic smokers, four symptomatic smokers and 
12 patients with chronic obstructive pulmonary disease (COPD). The mean MTTR was 
4.11 + 0 . 8 4 mm/min in normals. Ten of the 12 COPD patients showed either a reduced MTTR 
or no motion of the boli. The motion as seen in cine mode was linear in all the 12 normals. 
Although MTTR in the remaining two patients with COPD was normal the bolus exhibited 
a spiral motion on cinescintigraphy. Asymptomatic smokers showed either reduced MTTR or 
spiral motion of the bolus, whereas all the symptomatic smokers showed reduced MTTR. It 
was observed that the movement of the boli in the symptomatic smokers and patients with 
COPD varied widely, showing, for example, regurgitation, spiral or axial motion, stasis and 
movement of the bolus f rom one bronchus to the other. 

337 
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1. INTRODUCTION 

The removal of inhaled pollutant particles and excess of secretions by 
mucociliary clearance is one of the most important defences of the respiratory tract. 
There are three anatomical sites where mucociliary transport has been studied, the 
nasal passages [1], the trachea and the airways of the lungs. 

Several methods have been used to estimate mucociliary tracheal transport rate 
(MTTR), which is defined as the distance travelled up the trachea by an inhaled bolus 
of aerosol per unit time, in intact animals and humans. MTTR has been studied by 
measuring (a) the movement of teflon discs within the trachea by filming through a 
bronchofibrescope [2], (b) the movement of radio-opaque teflon discs within the 
trachea with videotaping of the image of the trachea and the discs [3], and (c) the 
movement of a single radioactive particle or boli of radioactive microspheres in the 
trachea by external scanning devices [4]. All these methods are either invasive tech-
niques or involve tedious procedures and need local anaesthesia. The latest technique 
of measuring MTTR by studying the movement of deposited radioaerosols in the 
trachea is simple and noninvasive [5-8]. 

2. MATERIAL AND METHODS 

We have developed a method for measuring mucociliary function which 
depends on depositing boli of radioactive aerosols in the large airways of the lung 
and measuring their rate of movement as they are transported up the trachea. 

For such a study dry insoluble biodegradable aerosols are needed. Human 
serum albumin (HSA) aerosols meet these requirements. The efficacy of the BARC 
(Bhabha Atomic Research Centre) dry aerosol delivery system for producing 
aerosols of varying sizes has been demonstrated [9]. Dry aerosol of particles of 
denatured HSA having a large median diameter of 4.4 pari (geometric standard devia-
tion +2.0) can be generated in the system by using 5% HSA. Details of the method 
of generation and characterization of aerosols are described elsewhere [10]. 

2.1. Modification of the BARC dry aerosol delivery system 

Initially studies were performed with radioaerosols generated using 
"Tcm-HSA and the BARC nebulizer system [11]. It was found that there was little 
deposition in the tracheo-bronchial region and maximum deposition was in the nasal 
passages. This was due to the impaction of larger particles in the nasopharynx. There 
were also losses because of sedimentation and impaction of bigger particles in the 
aerosols buffer chamber and tubing (which carries aerosols from the aerosol chamber 
to the inhalation-exhalation system). With the following modifications in the 
nebulizer system and technique this problem was successfully overcome. 
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(1) Inhalation is given directly through the mouth after bypassing the aerosol 
chamber in the system. 

(2) Output from the nebulizer assembly is passed through an 8 inch1 long glass 
tube (instead of the aerosol buffer chamber) and the end of the glass tube is 
connected to a two-way inhalation-exhalation unit. 

370 to 555 MBq of 99Tcm 5% HS A solution was taken in a nebulizing test 
tube and a patient was asked to inhale the radioaerosol generated for 5 min. Immedi-
ately after inhalation the patient was asked to rinse his mouth and was given water 
to wash away any activity in the oesophagus so as to avoid mistaking oesophageal 
deposition for tracheal deposition. The patient was positioned under the camera's 
detector with the neck fully extended. The detector was adjusted so that it viewed 
the entire trachea, and as much of the lungs as possible. The data were acquired on 
an on-line computer (PDP 11/34) for 1 hour in frame mode at 30 s per frame. The 
movement of the deposited boli towards the carina and subsequently towards the 
pharynx was also observed on the video monitor. Sequential scintigrams were taken 
on 8 X 10 inch X-ray film. 

2.2. Analysis of MTTRs 

Ciliary movement in terms of MTTR was measured by sequential monitoring 
of the boli of radioaerosols deposited in the trachea. Regions of interest (ROI) 
located near the carina, middle and upper part of the trachea were selected to 
measure MTTR. The time/activity profile in each ROI showed a Gaussian distribu-
tion. Transit time (T) between two ROI and peak to peak distance was calculated. 
The absolute distance between two ROI was calculated as follows, using a 
conversion factor: 

Two sources of "Tc m were kept 10 cm apart on the detector of the scintilla-
tion camera and a static image was acquired on the computer. The image was shown 
on the display system and with the help of the cursor the number of pixels between 
two point sources was noted. 

„ Absolute distance between two point sources (100 mm) 
Conversion factor = : 

Number of pixels between the two point sources on computer 

The absolute distance travelled by the boli was calculated by multiplying the 
number of pixels between peak to peak by the conversion factor . The mean MTTR 
of two separate boli for each individual subject was obtained from these readings. 
The MTTR in 12 normal subjects, three asymptomatic smokers, four symptomatic 
smokers and in 12 patients with COPD was calculated. In all patients chest X-rays, 

1 1 inch = 2.54 cm. 
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FIG. 1. Lung deposition pattern of the radioaerosols in a normal subject. Activity was seen 
in the trachea and less in the lungs ' periphery. Boli of radioactivity were moving upward in 
the trachea as illustrated by an arrow mark. 
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FIG. 2. Spiral motion of the bolus in a COPD patient as illustrated by an arrow mark. 

pulmonary perfusion and aerosol scans were performed. In addition, airways 
abnormality was quantified by spirometry (FEV1/FVC). Aerosol scintigrams were 
evaluated according to criteria laid down by Taplin et al.[12]. 

3. RESULTS 

Figure 1 shows the lung deposition pattern of the radioaerosols generated from 
99Tcm HS A. Activity is seen in the trachea as well as proximally in the lungs. 
Deposition of the aerosols, probably due to turbulence and impaction, was also noted 
in the mouth and larynx. Sequential images show the boli of radioactivity moving 
upward in the trachea as illustrated by the arrow mark. Radioactive boli were seen 
to move to the main bronchus from the right and left bronchi and ascending towards 
the carina. From the carina each bolus either merged or continued moving up like 
an escalator towards the pharyngeal region to be finally swallowed into the stomach. 
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FIG. 3. Abnormal movements of boli were observed in a patient with COPD. The figure 
clearly shows ciliary stasis and no motion of thé bolus until 40 min after inhalation of 
radioaerosols. 
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TABLE I. MTTR IN 12 COPD PATIENTS 

Patient . (FEV1/FVC)%. C h e s t Scan _ Mean MTTR 
No. 

Age/Sex 
Actual (%) Predicted X-ray Aero Perfusion (mm/min) 

Motion 

1. 42M 91 77 +ve + + 4.44 Spiral 

2. 30F 62 81 Normal + + 3.12 Spiral 

3. 37M 64 ' 83 +ve + + 4.99 Spiral 

4. 45 M 73 81 +ve + + + + — Regurgitation 

5. 32M — — + + + + > 4 0 mina Stasis 

6. 42M 57 75 +ve + + + + + + > 4 0 min a Ciliary 

7. 52M 54 77 +ve + + + + + + 2.10 Spiral 

8. 42F — — +ve + + + + + + 1.80 Spiral 

9. 32F 65 79 +ve + + 3.19 Axial 

10. 50M 62 78 +ve + + + + + + Regurgitation 

11. 40F 72 80 Normal + + > 4 0 min a Stasis and 
movement 
f rom left to 
right 
bronchus 

12.b 45F +ve + + + + + -h 7.40 Axial 

a There was no motion till 40 min. 
b Bronchiectasis. 

While studying the motion of individual radioactive boli, a variety of motions 
were observed in cine mode on the computer, e.g. spiral motion, axial motion, 
stasis, regurgitation, etc. Figure 2 shows the spiral motion of the bolus in a COPD 
patient. 

Abnormal movements of boli were obseïved in patients having obstructive 
lung disease/Figure 3 shows ciliary stasis and no motion of the bolus up to 40 min 
after inhalation of radioaerosols. 

A suitable bolus was monitored on the video monitor and its velocity was cal-
culated. The values of MTTR (mean + SD) in 12 normal subjects as obtained from 
the movement of two different boli were 4.11+0.84 and 3.85 + 1.03 mm/min, 
respectively. It has been observed that the MTTR of the second bolus was always 
slightly lower than the first one. 
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TABLE II. MTTR IN ASYMPTOMATIC AND SYMPTOMATIC SMOKERS 

Patient / c ^ . (FEV1/FVC)% r h p , t Scan MTTR . 
Age/Sex Diagnosis . , , „ / , • . M o t i o n 

No. Actual (%) Predicted X-ray V P (mm/min) 

Asymptomatic smokers 

1. 34M 25 beedi/day 78 
- 1 5 a 

75 N N N 3.66 Spiral 

2. 55M 8 beedi/day 75.6 
- 4 3 a 

79 N N N 1.94 Spiral 

3. 35M 6 cig/day 75 
- 5 a 

78 N N N - 1 . 1 4 Stasis and 
regurgita-
tion 

Symptomatic smokers 

1. 48M Emphysema 49.1 78.3 +ve 
8 cig/day 
- 2 6 a 

2. 46M Emphysema 65.0 80.0 +ve 
Ex-smoker 

3. 56M 20 cig/day 61.0 79.0 +ve 
- 3 5 a 
Chronic 
bronchitis 

4. 24M 24 beedi/day 63.0 81.0 +ve 
- 8 a 

Chronic 
bronchitis 

2.8 Axial 

1.57 Spiral 

— Regurgi-
tation 

Stasis and 
regurgita-
tion 

Data from pulmonary function testing (PFT), X-ray, clinical diagnosis and 
bolus motion of COPD patients are given in Table I. Nine of the twelve COPD 
patients showed either a reduced MTTR or no motion of the boli. Although MTTR 
in the remaining two patients with COPD was normal (Patients Nos 1 and 3) they 
exhibited a spiral motion on cinescintigraphy. Increased MTTR was found in only 
one patient with bronchiectasis (No. 12). One patient with asthma (No. 11) had a 
normal chest X-ray, aerosol and perfusion pulmonary scintigrams indicated mild 
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COPD and the bolus motion was back and forth from left to right bronchus with little 
movement above the carina. In the COPD group, all the patients who showed 2 + 
or 3+ aerosol scan abnormality had low MTTR values or abnormal bolus motion. 

3.1. MTTR in asymptomatic smokers 

Three asymptomatic smokers were evaluated for MTTR. Their chest X-rays, 
PFT and aerosol perfusion scans were within normal limits (Table II). MTTR in all 
the three subjects was less than the normal values. In two of three subjects motion 
on cinescintigraphy was spiral while in the third- case there was regurgitation into 
the bronchi and the MTTR value was negative. 

3.2. MTTR in symptomatic smokers 

Four symptomatic smokers had abnormalities in their chest X-ray, PFT and 
aerosol perfusion scan (Table II). MTTR values in all cases were also either reduced 
or tended towards zero. In two subjects there was regurgitation into the bronchi. In 
another subject, spiral motion was noted during the upward motion of the 
radioaerosol bolus in the trachea instead of the usual axial movement. 

4. DISCUSSION 

A simple noninvasive technique to study ciliary function of the trachea has 
been described. Though the deposition in major bronchi has been seen in all cases, 
we have not attempted to quantify the MTTR in the bronchi. Earlier studies for meas-
uring MTTR employed invasive techniques and only recently have Yeates et al. [5], 
Ross et al. [6] and Zwas et al. [8] made use of simple, easy to perform procedures. 
Our technique [7] is similar to Yeates' and Zwas' technique and has the advantage 
over Yeates' technique that the activity required in our technique is much less 
because the efficiency of our aerosol generator system is 22-26% as compared to 
the 0.1% efficiency of the ultrasonic nebulizer used by Yeates. 

Friedman and co-workers [3], using radio-opaque teflon discs, reported mean 
tracheal velocities of 11.5 mm/min in humans and 8.5 mm/min in dogs. Chopra 
et al. [4], who used 99Tcm MAA, reported a mean tracheal mucous velocity of 
19.2 mm/min in dogs. The mucociliary clearance rates in healthy subjects have been 
reported to be 4.7 +1.3 [8], 4.7(0.8-12.8) [5], 5.1+2.9 [13] and 9.0(2.0-17.0) [7]. 
The mean MTTR of 4.11 +0.84 in our series of normals compared well with others. 
The explanation for slight variations in MTTR found by various workers, according 
to Tahir, is due to the local effect of radiation from radioactive tracer solution or 
aerosols [14]. Variation in transport rates could also be due to the depth of the mucus 
layer, viscosity or quality of ciliary beat as well as local pH, and finally due to 
methodology. 
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In our study the motion as seen in cine mode was axial in all the 12 normals 
whereas patients with COPD and asymptomatic and symptomatic smokers exhibited 
a wide range of motion: spiral, regurgitation, axial, stasis, and from left bronchus 
to right or vice versa. Similar observations have been made by Isawa et al. [15]. 

The MTTRs in COPD patients were highly variable and ten of the twelve 
COPD patients showed either a reduced MTTR or no motion of the boli. The mean 
MTTR range in COPD patients varies from 0 to 4.91 mm/min. Zwas et al. [8] have 
reported significantly higher MTTR values in their study of three COPD patients as 
compared to the normal rates (range 5.2-6.3 mm/min). We are unable to explain this 
discrepancy. However Isawa et al. [15] have shown that 14 of the 21 COPD patients 
showed a decrease in mucociliary clearance rate and abnormal patterns of motion. 
It is known that the motion of adjacent cilia on an individual cell is metachronally 
co-ordinated. The co-ordination is due to viscomechanical coupling occurring 
between moving cilia that are fairly close together [16]. This coupling occurs 
because the mucus-propelling cilia are so packed together that they probably show 
close coupling whenever they move. This is probably the reason why mucociliary 
transport in 12 normal subjects in our study is linearly co-ordinated (axial motion). 
If efficiency of propulsion or co-ordination of cilia are lost owing to exposure to 
cigarette smoke or air pollution or prolonged obstructive airway disease or because 
of a genetic defect, as in Kartagener's syndrome, the mucociliary transport will be 
very much affected. This is probably the reason for different patterns of motion of 
the bolus in COPD patients and in smokers. The spiral motion found in patients could 
be due to abnormal cilia going out of phase. Since all the cilia can add their propul-
sive force together, if one is slowed up, the next one is still following behind, with 
the result that the radioactive boli loaded over it will move along a zig-zag path 
(spiral motion). 

Apart from the cilia, mucociliary clearance is also affected by the mucus. The 
change in mucus concentration and its rhéologie properties influence the mucociliary 
clearance rate significantly [17]. In COPD patients the MTTR is affected by highly 
concentrated mucus causing ciliary stasis or by ciliary damage itself. Depending 
upon the chronicity, all these factors may have a combined effect on mucociliary 
transport rate. 

Increased MTTR was noted in the only patient with bronchiectasis in our 
study. A similar result was reported by Zwas et al. [8]. 

5. CONCLUSIONS 

We describe a technique to evaluate ciliary function of the lung which is non-
invasive, inexpensive and hence can be used clinically to study MTTR in order to 
understand the pathophysiology of some of the airways diseases. An evaluation can 
be made of physiological properties such as ciliary motion and mucus flow properties 
of the normal tracheo-bronchial tree, pathological conditions as in COPD, where not 
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only impairment of mucociliary transport system can be studied but also various 
patterns of mucociliary clearance. Also, various pharmacological factors affecting 
the ciliary integrity of the bronchodilator effect in COPD patients can be assessed 
by estimating MTTR at various intervals. This technique can also be useful for study-
ing short term effects of particulate pollutants in the airways of the lung. 
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DISCUSSION 

Mr. Isawa raised the question how far it was possible to measure the velocity 
of movement of aerosol boluses in such modes as spiral motion, regurgitation and 
transport from one bronchus to the other. He suggested that it might be better, in 
view of the difficulty in expressing such movements quantitatively, just to describe 
them qualitatively. Mr. Soni gave his view that a measurement of MTTR, in addition 
to visual observation, was useful in specific circumstances. He agreed that it had 
little value in regurgitation or transport from one bronchus to the other. 
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Abstract 

RADIOAEROSOL INHALATION IMAGING FOR THE DIAGNOSIS OF RESPIRATORY 
DISEASES IN THE PHILIPPINES. 

Lung imaging can be done using either the perfusion or the ventilation technique. Both 
are necessary for accurate evaluation of lung function and diagnosis of lung disease. In devel-
oping countries, lung imaging is done relatively infrequently, since radioactive gases are not 
often available. However, recently it has become possible to do ventilation imaging using 
inhalation of radioactive aerosol particles. The objectives of the current Co-ordinated 
Research Programme are: (1) to test the aerosol generator developed by the Bhabha Atomic 
Research Centre and to validate Indian experience; (2) to use the equipment for the study of 
chronic obstructive pulmonary disease and (3) if initial experience is satisfactory, to use the 
aerosol technique for the study of other lung diseases. Results to date have reproduced Indian 
results and indicate that the BARC machine is ideal for performing aerosol scans. 

1. B A C K G R O U N D O F P R O J E C T 

Lung imaging can be done in two ways: (1) perfusion imaging by injecting a 
radiopharmaceutical (RP) intravenously to visualize the vascular tree of the lungs 
and (2) ventilation imaging by inhaling radioactive gases to observe the air passages 
in the lungs. Both forms of imaging are necessary for an accurate evaluation of the 
lung function and a definite diagnosis of a lung disease. In developing countries lung 
imaging is done infrequently, mostly because it is not possible to do ventilation 
studies, as radioactive gases such as xenon are not readily available in these coun-
tries. Recently, it has become possible to do ventilation imaging by inhalation of 
radioactive aerosol particles. 

Lung imaging is diagnostically very useful in many lung diseases. Its life-
saving help in the management of pulmonary embolism is legendary. It renders 
important assistance in the early diagnosis and management of chronic obstructive 

* Work carried out under IAEA Research Contract 4808/RB. 
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pulmonary diseases (COPD), which are very common in developing countries 
because of the high prevalence of infective lung diseases, the increasing incidence 
of smoking in the population and all-pervading pollution both in urban and rural 
environments. 

The Bhabha Atomic Research Centre (BARC) or the Department of Atomic 
Energy, Government of India, developed indigenously an aerosol generator and 
inhalation apparatus (AGIA) which was in clinical use for nearly 10 years in their 
Radiation Medicine Centre (RCM). A consultants' meeting held in March 1986 
examined the performance characteristics of this apparatus in great detail and recom-
mended a field trial of it in the neighbouring countries with a view to promote 
regional technology and make it possible for the developing countries to avail them-
selves of the benefits of lung imaging in their hospitals. 

The objectives of this Co-ordinated Research Programme are: 

(1) To test the BARC apparatus to validate Indian experience with this equipment. 
(2) To try the equipment initially for the study of COPD by using 99Tcm labelled 

diffusible and non-diffusible aerosols (99Tcm phytate and 99Tcm DTPÀ). 
(3) If initial experience is satisfactory, to use the aerosol technique for the study 

of other lung diseases. 

2. SUMMARY OF WORK ACCOMPLISHED 

2.1. Materials and methods 

Six normal subjects and 18 patients with a diagnosis of chronic obstructive pul-
monary disease at the Santo Tomas University Hospital were included in the study. 
Subjects with no history of chest disease, no evidence of airway obstruction shown 
by spirometry and normal chest roentgenogram were classified as normal. A diagno-
sis of COPD was made on the basis of a history of dyspnea on exertion, the presence 
of cough or sputum production on most days for at least three months of the year 
for two consecutive years and a FEV1/FVC of less than 70%, FEV1 of less than 
70% and an F VC of less than 70% of the predicted values. The diagnoses of 
emphysema and chronic bronchitis were based mainly on clinical history, physical 
examination, and radiologic features as defined by the American Thoracic Society 
(ATS) [1]. If there is an overlap between the features of both diseases, a patient is 
classified as mixed type, as previously described by Burrows [2]. There was no 
attempt to exclude patients with pulmonary tuberculosis because of its high preva-
lence in our country. Most of our COPD patients had a previous history of tuber-
culosis. As confirmed by studies in Asia, pulmonary tuberculosis was the most 
common disease in COPD patients [3]. In this study only those classified as Class IV 
(no current disease) as defined by the ATS were included [4]. Those who are 
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Class III (with current disease) were excluded. COPD patients with recent exacerba-
tion were also excluded. 

A detailed history was made and a physical examination based on a guide 
agreed upon at the group's workshop in Bombay (Nov. 1987) was conducted in each 
patient. 

While the original target was set at 50 cases (10 normal and 40 COPD), our 
patient number was limited by the delayed delivery of the BARC aerosol generator. 
In effect, our study formally started only on the last week of March 1988 and con-
tinued until July 1988. 

2.1.1. Pulmonary fonction test 

Spirometry was done on all patients. Determinàtions of forced vital capacity 
(FVC), forced expiratory volume in one second (FEV1), % FEV 1/FVC, peak 
expiratory flow rate (PEFR) and mean forced expiratory flow rate during the middle 
half of the FVC (FEF 25-75%) were determined using a Collins DS 520-E 
spirometer. 

2.1.2. Chest X-ray 

The Chest X-ray postero-antero upright view was done on all patients. 

2.1.3. Lung imaging procedures 

Perfusion lung imaging was done initially with the patient sitting; ten to 
15 mCi of 99Tc"-labelled macroaggregated albumin was injected intravenously. 
Perfusion images of the lungs were obtained immediately after injection; 300K 
counts were accumulated in the anterior, posterior and both lateral projections. 

The aerosol scan with 99Tcm Na phytate was done on the following day using 
the BARC aerosol generator. For our purpose, compressed air set at 12 mm Hg pres-
sure was used, as the air pump (supplied through the project) was received only in 
July, 1988. Fifteen to 20 mCi of 99Tcm Na phytate in 1 mL solution was nebulized 
in the BARC aerosol generator. The duration of inhalation was five minutes. All 
images were made with a Ohio-Nuclear Sigma 400 gamma scintillation camera; 
twenty-two at the Santo Tomas University Hospital and two at the Philippine Heart 
Center (PHC). Images were recorded on Polaroid film of 8 x 10 X-ray film by the 
scintillation camera of the PHC, which is interfaced to an ADAC series I data 
processor. 

Before lung imaging was started, the subject was asked to rinse the face and 
mouth to remove radioactivity from these areas. Imaging was done in all projections 
as in the perfusion scans, collecting 300K counts for each view. 
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2.1.4. Interpretation of studies 

A respiratory questionnaire was filled up for those patients with COPD. It con-
sisted of a list of the following categories of symptoms such as cough, sputum 
production, haemoptysis, severity of dyspnea, allergy and past history of respiratory 
disease. The degree of severity of dyspnea was graded from 0 to 4 according to 
Morgan [5]. Smoking history was also noted. Findings from examination of the 
chest were considered abnormal in the presence of subcostal and intercostal retrac-
tions, hyperresonance, decreased breath sounds, presence of adventitious sounds, or 
signs of cor pulmonale. 

Severity of airway obstruction using the following Spirometrie indices 
(%FEV1, %FEV1/FVC, %PEFR, and %FEF25-75) was assessed according to the 
algorithm established by the Massachusetts General Hospital Pulmonary Unit [6]. 
Based on the indices stated above, a cumulative score was computed and was inter-
preted as follows: 

The response to the bronchodilator therapy was interpreted in accordance with 
another point system set by the Massachusetts General Hospital Pulmonary Unit [6]. 

2.1.5. Chest X-ray 

Chest roentgenograms were performed on all the subjects. The films were 
interpreted for the following abnormal findings: hyperinflation and decreased vas-
cularity, which are suggestive of emphysema; increased bronchovascular markings 
and presence of tramlines suggestive of bronchitis [7]. 

2.1.6. Perfusion and aerosol scans 

The lung images were interpreted by one author (J.T.) and discussed by the 
group. The final interpretation was correlated with the clinical data, X-rays, and 
Spirometrie results and was discussed. In addition, a decision was made with regard 
to its accuracy in the diagnosis of the obstructive lung disease. 

POINTS 

0-1 (FEF25-75 > 60% pred. 
0-1 (FEF25-75 < 60% pred. 

Normal ventilatory study 
Flow is reduced at low lung 
volumes, consistent with small 
airways disease. 
Mild obstructive defect 
Moderate obstructive defect 
Severe obstructive defect 

INTERPRETATION 

2-4 
5-7 
> 7 
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TABLE I. CHARACTERISTICS OF SUBJECTS GROUPED ACCORDING TO 
CLINICAL DIAGNOSIS 

Normal 
COPD 

Normal 
Emphysema Bronchitis Mixed 

No. of patients 6 7 5 6 

Mean age (years) 30 58 57.2 66.8 

Perfusion images represent the distribution of pulmonary arterial blood flow 
and can localize lobar, segmental, or subsegmental areas of ischaemia [8]. The 
images were interpreted according to the uniformity of distribution of the tracer and 
the distribution gradient with the patient in the sitting position. 

Aerosol patterns were read as normal when tracer distribution was homo-
geneous; abnormal if the distribution was uneven with discretè areas of increased 
activity as well as irregular regions of decreased radioactivity of the pulmonary 
parenchyma [9]. Abnormal aerosol patterns were further classified as excessive 
deposition in the major airways (central) suggestive of emphysema and those show-
ing deposition in distal passages (peripheral) suggestive of bronchitis [10-11]. 

Those patients showing both excessive central deposition plus discrete areas of 
relatively high radioactivity throughout the pulmonary parenchyma were classified 
as mixed type. This is further subdivided according to the prominence of each fea-
ture: E=B — central and peripheral deposits were equal; E > B — central deposit 
was predominant and E < B — peripheral deposit was predominant [10]. 

3. RESULTS 

Six normal male patients with a mean age of 30 years (Table I) had perfusion 
scans showing homogeneous distribution with a gradient of radioactivity greater at 
the lung bases. Their aerosol scans also showed homogeneous distribution with an 
activity gradient from the central areas to the periphery. Examples of normal aerosol 
and perfusion scans are shown in Figs 1 and 2. 

There were 18 male patients with COPD with a mean age of 60 years (Table I). 
All of them were heavy smokers with a minimum of at least 35 pack years. The 
patients were classified into three groups: predominantly emphysematous, 
predominantly bronchitic, and mixed, as based on the history and physical examina-
tion findings (Tables II and III). As shown, dyspnea and sputum production were the 
predominant symptoms of those with emphysema and bronchitis respectively. Those 
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FIG. 2. Normal aerosol scan. 



CO-ORDINATED RESEARCH PROGRAMME 355 

TABLE II. SUBJECTIVE CHARACTERISTICS OF PATIENTS GROUPED 
ACCORDING TO CLINICAL DIAGNOSIS 

Emphysema Bronchitis Mixed 

History of sputum production 

occasional 

chronic 

History of dyspnea 

0 

1 

2 

3 

4 

Relative onset of cough and dyspnea 

Cough preceeded dyspnea by 

2 + years 

Dyspnea preceded by cough 

Smoking duration (pack years) 

4 - -

3 5 6 

- 4 -

2 1 4 

5 - 2 

- 5 3 

7 - 3 

40 41 46 

with the mixed type experienced both symptoms. All had cough and dyspnea of grade 
3-4. Hyperresonance brought about by air trapping was a predominant objective 
finding in the emphysematous and mixed types. No predominant clinical sign was 
elicited in those with bronchitis. 

The chest X-ray result of hyperinflation confirmed the presence of hyper-
resonance (Table IV). Increased lung markings were present in 60% of patients with 
bronchitis. Curiously, the chest X-ray was normal in 12.5 % of our patients (one with 
emphysema and two with bronchitis). 

The results of the Spirometrie indices, severity of airway obstruction and its 
response to bronchodilator therapy are shown in Table V and VI. In our patients, 
the mean FVC, FEV1, FEV1/FVC, FEF25-75 and PEFR were 50%, 33%, 52%, 
35% and 36% respectively. Based on the Massachusetts General Hospital Pulmonary 
Unit interpretation, fifteen (62.5%) of our patients had moderate airway obstruction. 
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TABLE III. OBJECTIVE CHARACTERISTICS OF PATIENTS ACCORDING TO 
CLINICAL DIAGNOSIS 

Emphysema Bronchitis Mixed 

Number of patients 7 5 6 

Clubbing 5 1 4 

Intercostal and subcostal retractions 6 — 3 

Hyperresonance 6 — 5 

Adventitious sounds 3 — 1 

Decreased breath sounds 4 3 5 

Oedema 1 — 1 

TABLE IV. CHEST X-RAY RESULTS OF PATIENTS ACCORDING TO 
CLINICAL DIAGNOSIS 

Emphysema Bronchitis Mixed 

Number of patients 7 5 6 

Roentgenographic findings 

Hyperinflation 6 — 5 

Increased markings 3 1 

No definite abnormality 1 2 — 

The interrelationship among the 24 patients with regard to diagnosis, spiro-
metry results, and patterns of aerosol scans are shown in Table VII. There are three 
distinctly abnormal aerosol patterns: central, peripheral, and the mixed variety. The 
central pattern showing excessive deposition in the major airways is described in 
emphysema. The peripheral pattern is seen in bronchitis characterized by an uneven 
distribution of the radioactive tracer in the smaller airways. Patterns showing both 
excessive central deposition and discrete areas of high radioactivity throughout the 
pulmonary parenchyma are described as mixed. This last pattern is further sub-
divided according to which pattern (central or peripheral or equivocal) is dominant. 
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TABLE V. SPIROMETRIC RESULTS OF PATIENTS ACCORDING TO 
CLINICAL DIAGNOSIS 

Emphysema Bronchitis Mixed 

Number 7 5 6 

Spirometrie indices* 

FVC 42% 67% 41% 

FEV1 27% 48% 23% 

FEV 1/FVC 49% 57% 50% 

FEF25-75 10% 21% 12% 

PEFR 27% 46% 35% 

* mean percentage values 

TABLE VI. DEGREE OF OBSTRUCTION AND RESPONSE TO BRONCHO-
DILATOR ACCORDING TO CLINICAL DIAGNOSIS 

Emphysema Bronchitis Mixed 

Number of patients 7 5 6 

Degree of obstruction 

mild — 2 — 

moderate 7 2 6 

severe — 1 — 

Response to bronchodilator 

no significant response 1 — 2 

mild, possibly significant 1 4 — 

mild response — — — 

significant response 2 1 4 

good response 3 — — 
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TABLE VII. CLASSIFICATION OF CHRONIC OBSTRUCTIVE PULMONARY 
DISEASE COMPARISON OF THE CLINICAL DIAGNOSIS WITH DEGREE OF 
AIRWAY OBSTRUCTION AND RADIOAEROSOL PATTERNS 

Degree of No. Aerosol pattern 
Clinical diagnosis airway of 

obstruction patients N E E = B E > B E < B В 

mild — — — — — — — 

Emphysema (E) moderate 7 — 6 1 — — — 

severe — — — — — — — 

mild 2 1 - - - - 1 

Bronchitis (B) moderate 2 — — — 1 — 1 

severe 1 _ _ _ _ _ i 

mild — — — — .— — 

Mixed ( E + B ) moderate 5 — 4 1 — — — 

severe 1 — — 1 — — — 

Total 18 1 10 3 1 - 3 

Modified from Isawa: N = normal; E = emphysema (central); В = bronchitis (peripheral). 
Mixed type: E = В = central and peripheral deposits were equal. 

E > B = central deposit was predominant. 
E < B = peripheral deposit was predominant. 

Eighty-five percent of patients clinically diagnosed to have predominant 
emphysema showed central deposition in the aerosol scans. All of these patients had 
moderate airway obstruction. This is typically illustrated in Figs 3 and 4 where the 
tracer is unevenly concentrated and distributed in the central airways. Figure 5 came 
from one patient with emphysema with the aerosol pattern described as mixed-
equivocal (E=B). The left lung has central deposition and the right lung has 
peripheral deposition. Figure 6 was from a patient with bullous emphysema of the 
left lung. 

Peripheral deposition was observed in 50% of patients who were 
predominantly bronchitic. Figures 7 and 8 are from 2 patients showing patchy distri-
bution of the tracer at the peripheral airways. One patient in this group with a normal 
chest X-ray and mild airway obstruction had a normal aerosol pattern. The rest of 
the patients had a mixed pattern with equivocal result (E=B) or with predominant 
central deposition (E>B). 
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P E R F U S I O N A E R O S O L 

FIG. 4. Lung scans of a 41-year-old male with emphysema. 
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PERFUSION SCAN A E R O S O L I N H A L A T I O N SCAN 

FIG. 5. Lung scans of a 72-year-old male with emphysema. 

PERFUSION A E R O S O L INHALATION SCAN 

FIG. 6. Lung scans of a 56-year-old male with bullous emphysema of the left lung. 
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FIG. 7. Lung scans of a 72-year-old male with bronchitis. 

PERFUSION A E R O S O L 

FIG. 8. hing scans of a 56-year-old male with bronchitis. 
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PERFUSION AEROSOL 

FIG. 9. Lung scans of a 74-year-old male with emphysema. 

P E R F U S I O N A E R O S O L 

FIG. 10. hing scans of a 62-year-old male with emphysema. 
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TABLE VIII. LUNG SCANNING RESULTS IN COPD PATIENTS 

No. of 
Diagnosis 

patients 

Perfusion Aerosol 

Abnormal Normal Abnormal Normal 

Emphysema (E) 7 7 0 7 0 

Bronchitis (B) 5 2 3 4 1 

Mixed ( E + B ) 6 5 1 6 0 

There were six patients diagnosed to have mixed type (E+B), four (66%) of 
them had central aerosol patterns suggestive of emphysema. This is shown in Fig. 9. 
Two other patients had mixed-equivocal (E=B). This is shown in Fig. 10. 

Perfusion lung scans were analysed. Generally, all COPD patients showed 
patchy, non-uniform distribution throughout the pulmonary parenchyma. In 92% of 
our patients the activity was greater at the inferior lung fields in conformity with the 
usual gradient of activity attendant to tracer injection in the sitting position. The 
remaining 8% with reverse gradient were clinically diagnosed to have pulmonary 
hypertension. 

The aerosol lung patterns also showed patchy, non-uniform distribution in the 
parenchyma. However, the results of the aerosol scans in our patients were more dis-
crete, with obvious gross abnormalities in the deposition of the tracer in either the 
major or minor airways or both. Only 3 (12.5%) of our patients showed equivocal 
perfusion and ventilation studies. In terms of relative accuracy, the aerosol scans 
show a better performance in our study than the perfusion scans (Table VIII). 

The accuracy of the perfusion-aerosol scan in demonstrating anatomic defects 
in our COPD patients was determined. The sensitivity and specificity of the perfu-
sion scan in this study was 77% and 100% respectively. On the other hand, the aero-
sol scan's sensitivity and specificity was 94% and 100% respectively (Table IX). Our 
high sensitivity and specificity rates are comparable to those obtained by the study 
in India [12]. 

4. CONCLUSION 

We have performed perfusion and aerosol lung scanning studies in six normal 
and 18 patients proven to have COPD. The perfusion scan was done using 99Tcm-
labelled macroaggregated albumin. The aerosol scan was performed by utilizing the 
BARC aerosol generator with 99Tcm phytate as the radioactive particle.The aerosol 
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TABLE IX. ACCURACY OF LUNG SCANNING RESULTS 

Diagnosis 
No. of 
patients 

Perfusion Aerosol 

Abnormal Normal Abnormal Normal 

COPD 

Normal 

18 

6 

14 

0 

17 

0 

Perfusion 
Sensitivity = 77% 
Specificity = 100% 

Aerosol 
Sensitivity = 
Specificity = 100% 

pattern distributions were determined for each patient. We were able to get good 
results with our study comparable to the Indian study [12]. The BARC aerosol gener-
ator, which is an innovation from India, proved ideal for performing aerosol scans. 
The initial results of studies made in India with the use of this aerosol generator were 
reproducible, as shown in our own study. 
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DISCUSSION 

The Chairman observed that the dose of 10-15 mCi 99Tcm MAA used for lung 
ventilation imaging in the work presented was quite high. He reported that it was 
usual in his institution first to give a dose of 2-3 mCi 99Tcm for perfusion imaging. 
If the result of this was abnormal, ventilation imaging was then performed 2-3 h 
later, the dose of 99Tcm being adjusted to give a count rate two to three times 
greater than that for the perfusion image. In this institution 99Tcm pyrophosphate 
was used for ventilation imaging because it cleared more slowly from the lungs than 
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Abstract 

APPLICATIONS OF DYNAMIC RADIONUCLIDE IMAGING TO STUDYING TOXIC 
EFFECTS OF DRUGS. 

Dynamic radionuclide imaging techniques are routinely used to study the uptake, 
extraction and elimination or retention of many radiopharmaceuticals in most organs of the 
body. Many drugs used for treating various disease states are known to have toxic effects. 
Examples of various applications of dynamic radionuclide imaging to studying toxic effects 
of various drugs on different organs are discussed. A detailed example of the experimental 
study of hepatobiliary toxicity of Cyclosporin A in rabbits is given. 

1. INTRODUCTION 

Many drugs used for treating various disease states are known to have toxic 
effects. Various techniques are used for studying these toxic effects in experimental 
animals and monitoring the therapeutic dose level in humans. Broadly classified, 
these methods include: (a) biofluids, (b) blood chemistry profile, (c) biodistribution, 
and (d) radionuclide imaging. 

1.1. Biofluids 

In sampling biofluids, the concentration of the drug in blood, plasma and urine 
is measured. The concentration of the drug in the plasma samples is assumed to 
reflect the effect of the drug on the site(s) of action (organ/tissue). There are various 
examples in which the observed or measured effect of the drug on the site of action 
does not correlate with the concentration of the drug in the plasma [1, 2]. The 
accepted disadvantage of sampling biofluids is that the effect (toxic) of the drug on 
the site of action cannot be measured directly [3, 4]. 

369 
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1.2. Blood chemistry profile 

In generating the blood chemistry profile, the concentrations of enzymes and 
catabolic products are measured. It is assumed that the level (concentration) of the 
enzyme and/or the catabolic products reflects the functional state/status of the organ. 
This is exemplified by the measurement of (a) the levels of various liver enzymes 
(SGPT, SGOT and AP) when measuring the functional status of the liver; (b) the 
level of blood urea and creatinine when assessing the functional status of the kidney. 
These measurements reflect only the global function of the organs. 

1.3. Biodistribution 

In biodistribution studies, the drug of interest is labelled with a radionuclide, 
administered generally to an experimental animal which is sacrificed after a given 
time interval. The concentration of the drug in various tissues (sites of action) is 
assayed, calculated and assumed to reflect the functional status of the sites of action 
at the time of sacrifice. With biodistribution technique it is not possible to assess the 
functional process of the organ chronologically because the studies are by their 
nature terminal. 

1.4. Radionuclide imaging 

In radionuclide imaging studies, a radioactive tracer (radiopharmaceutical) 
which does not affect the physiological status or process of the sites of action is 
administered intravenously and static or dynamic images of the sites of action are 
directly obtained. In this way the obtained images reflect the effect of the drug on 
the sites of action. Hence a radionuclide imaging technique would be more sensitive 
for studying the toxic effects of drugs. In this report examples of the applications 
of radionuclide imaging technique for studying such effects of drugs are provided, 
and a detailed experimental study of hepatobiliary toxicity of Cyclosporin (Cy A) in 
rabbits is discussed. 

1.4.1. Heart 

Radionuclide imaging using 99Tcm pyrophosphate or 11'in antimyosin and 
99Tcm labelled red blood cells in gated blood pool studies can determine the extent 
of myocardial injury and ventricular dysfunction respectively. These techniques have 
been used to study cardiotoxicity due to adriamycin [5, 6]. With the development 
of new 99Tcm cardiac perfusion agents such as 99Tcm MIBI it will be possible to 
study directly the toxic effects of any drug on the myocardium itself by performing 
gated wall motion and/or first-pass ejection fraction studies. Regional information 
can easily be obtained from the data generated. 
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1.4.2. Kidney 

In studying toxic effects of drugs on the renal system, it is important to assess 
blood flow, extraction efficiency of blood components, transport of the extracted 
material through the filtering and collecting systems to the bladder and the voiding 
patterns of the kidneys. Using 131I iodohippurate and more recently 99Tcm MAG3 
and 99Tcm DTPA, both effective renal plasma flow and glomerular filtration rate 
can be determined. These techniques are currently being used to study the renal toxic 
effects of Cyclosporin in experimental animals [7]. The methods allow for assessing 
the functioning of the individual kidney. 

1.4.3. Lung 

In clinical nuclear medicine studies, both ventilation and perfusion studies are 
routinely done using l33Xe and 99Tcm MAA respectively. These radiopharma-
ceuticals are not suitable for studying pulmonary toxic effects of drugs. However, 
the newly introduced 99Tcm DTPA aerosol clearance technique can be used to 
evaluate the permeability of the alveolar membrane. It has been recently proposed 
that amine radiopharmaceuticals such as 123I HIPDM or IMP and ?9Tcm HMPAO 
can be used to study saturable and specific physico-chemical binding on pulmonary 
endothelial cell membrane [8]. Hence both the 99Tcm DTPA aerosol and amine 
radiopharmaceuticals may be useful in studying various pulmonary toxic effects of 
drugs. 

1.4.4. Brain 

With the advent of X-ray CT, radionuclide brain imaging has not been particu-
larly useful but the development of recent brain imaging radiopharmaceuticals (123I 
HIPDM, 123I IMP, 99Tcm HMPAO and 99Tcm ECD) functional brain imaging will 
again become useful and widespread. 

Also, with the development of 123I labelled brain tissue receptors, it will be 
possible to study directly the toxic effect of various drugs on different regions of the 
brain: 

1.4.5. Hepatobiliary system 

Toxic effects of drugs on the hepatobiliary system can be studied using either 
99Tcm colloids or 99Tcm iminodiacetic acid derivatives. The 99Tcm colloids produce 
images reflecting the distribution of reticuloendothelial cells; while 99Tcm HIDA 
derivatives produce images reflecting the distribution of hepatocytes, outlining the 
biliary tract and tracing the pathway of bile flow. An application of dynamic radio-
nuclide imaging to studying the toxic effects of drugs is exemplified by the study of 
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FIG. 1. Time/activity curves over the heart for control days 1 and 15 after treatment with 
Cy A, showing no difference. 

hepatobiliary toxicity due to Cyclosporin A (Cy A) in experimental animals. Details 
of the study are given below. 

Four New Zealand rabbits were each intravenously infused with 15 mg/kg of 
Cy A for four consecutive dáys. Prior to Cy A treatment, and on 1, 4, 8 and 15 days 
after the treatment, dynamic radionuclide studies were performed. The following 
procedure was used in all the imaging studies. All the rabbits were fasted overnight. 
They were anaesthetized gradually over a period of 1 to 1.5 hours by slow 
intravenous administration of 30 mg/kg of sodium pentobarbitone (sagatal). With the 
rabbit lying supine under the gamma camera, 0.5 mCi of 99Tcm EHIDA was 
injected and quickly flushed with heparinized saline. Dynamic images were acquired 
initially at 2 s/frame for the first 2 minutes and 1 min/frame for an additional 58 
minutes on a 64 X 64 matrix. 
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FIG. 2. Time/activity curves over the liver for control animal and at days I , 4,8 and 15 after 
treatment with Cy A. Note that time to peak and half-clearance times over the liver are 
prolonged at day 1 after treatment with Cy A and return to normal at days 4 and 15. 

Regions of interest were drawn over the heart, liver, gallbladder and kidneys. 
The activity/time curves over each organ were generated. The blood clearance half-
lives of both the control and Cy A treated rabbits were approximately the same 
(Fig. 1). Typical liver activity/time curves and radionuclide images are shown in 
Figs 2 and 3. These figures show the same liver uptake pattern but different excre-
tory patterns for the control and Cy A treated rabbits. The difference in the transit 
of the 99Tcm EHIDA from liver to gallbladder and intestine is well shown in Fig. 3. 
This delay in transit was most pronounced on the first day after treatment. However 
from the fourth day onwards it appears that the transit of the injected radiophar-
maceutical from liver to gallbladder and the intestine is the same as in the control 
rabbit. 

Because there was no difference in the blood clearance half-lives and uptake 
pattern of both the control and Cy A treated rabbits, this would indicate that there 
was no dysfunction of the hepatocyte uptake mechanism. The delay in transit of the 
99Tcm EHIDA on the first day after Cy A treatment would indicate probable 
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FIG. 3. One minute image 29 minutes after the injection of "Tcm EHIDA at control, days 
1, 4,8 and 15. Note the delay in liver clearance and less intestinal activity at day 4 and return 
to control levels at days 4, 8 and 15. 
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cholestasis. The return to a normal pattern of the behaviour of 99Tcm EHIDA 
observed on the fourth day onwards after treatment would indicate the reversibility 
of Cy A toxic effect with cessation of treatment. The results of this experiment 
indicate that the toxic effect of Cy A on the hepatobiliary system is mostly on bile 
flow within the canaliculi and not on the uptake function of the hepatocytes at the 
dose level studied. 

2. CONCLUSION 

Various drugs used for treating parasites and contagious diseases in the 
developing countries may have hepatobiliary toxic effects. Such drugs, e.g. carbon 
tetrachloride (for treatment of hookworm), antimony potassium tartrate and hycan-
thone mesylate (for treatment of schistosomiasis), emetine hydrochloride (for treat-
ment of amoebae) and sulphone, rifampicin and lamprene (for treatment of 
tuberculosis) can be studied as in the example outlined above. This may be an 
important area for nuclear medicine research in developing countries. The cost of 
these projects is minimal and does not require any more sophisticated technology 
than is currently available within the department. 
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Abstract 

USE OF CALCIUM KINETIC STUDIES FOR THE ASSESSMENT O F FLUOROSIS. 
Fluorosis is a frequent disease in some parts of the world, especially in India. In Rajas-

than fluoride concentrations in water of up to 12 mg/L have been observed. In co-operation 
between India and the Federal Republic of Germany a study was initiated to demonstrate the 
value of calcium kinetic investigations as a tool for early detection of fluorosis. The results 
of two pilot cases investigated are presented. Intestinal calcium absorption as measured by a 
double isotope technique (4 5Ca, 47Ca) was found to be maximum in both the cases. A 
compartmental model with four sequential compartments was applied to interpret the time 
course of tracer concentrations in the total body and in the blood plasma. Internal calcium 
turnover was increased but calcium accretion rates of the skeleton were found to be within 
the normal range. The data obtained demonstrate the feasibility of using calcium kinetic 
parameters to assess changes in bone metabolism. 

1. INTRODUCTION 

Endemic skeletal fluorosis is a chronic metabolic disorder of bone and joint 
which is caused by intake of large amounts of fluoride rather by ingestion than by 
inhalation. In Europe fluorosis has been observed in workers of the aluminium 
industry [1], in inhabitants of a few villages [2, 3], and in some cases after 
prolonged administration of medicinal fluoride preparations [4]. But in some regions 
of India such as Madras [5], Punjab [6] and Rajasthan, fluorosis is quite frequent due 
to high concentrations of fluoride in the drinking water. The fluoride content of water 
in Rajasthan is about 0.5 to 1.3 mg/L; however, that of water from some hand pumps 
in some areas is as high as 12 mg/L. 

* Supported by the Bundesminister für Forschung und Technologie. 
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Up to now fluorosis can be diagnosed only at a late stage when osteosclerotic 
changes of the bones are already present. There is no causal therapy available for 
the removal of fluorine from the skeleton. Therefore, early diagnosis of fluorosis 
may be of great advantage in order to prevent the affected subjects from further 
exposure and resulting bone lesions, 

Changes in calcium kinetic parameters may be used as a tool for early detection 
of disturbance in bone metabolism [7]. In co-operation between India and the 
Federal Republic of Germany, the application of calcium kinetic studies for the 
assessment of fluorosis is being investigated. As a first approach two patients with 
mild fluorosis were studied as pilot cases for later investigations in India. 

2. SUBJECTS 

. The subjects studied were a 64-year-old woman (H.J.) and a 68-year-old man 
(H.V.). Both patients showed sclerotic changes of the skeleton and pain of bone and 
joint. Among the laboratory investigations, values of serum calcium were in the 
normal range and alkaline phosphatase normal to slightly increased. Iliac crest bone 
biopsy showed a'broadening of spongi and fluorine concentration of bone samples 
as measured by neutron activation analysis1 varied between 1600 and 2900 ppm. 
Despite a careful search no reason for these increased fluorine concentrations could 
be determined. 

3. METHODS 

Calcium kinetic parameters were evaluated applying a double isotope tech-
nique. After an overnight fast, subjects were given in the morning of the first day 
a test dose of calcium orally and at the same time a trace amount of calcium 
(0.2 MBq 47Ca gluconate) intravenously. The oral dose was prepared by dissolving 
0.2 MBq 45Ca and 18 mg calcium as Ca gluconate in 100 mL of de-ionized water. 
Whole body measurements were carried out before the administration of activities 
and 2 hours, 1, 7, 14, 21 and 28 days thereafter. From these measurements whole 
body retention of intravenously given 47Ca was evaluated as a percentage of. initial 
net count rate corrected for radioactive decay. Additionally blood samples were 
collected at the following times: before administration, 15 and 30 minutes, 1, 2, 3, 
4. 24 hours and 7 days after administration of the radioactive doses. For the calcula-
tion of calcium kinetic parameters a four compartmental model was used in which 
calcium from the. extracellular fluid passes sequentially through two compartments 
before mineralization (Fig. 1) [8]. Fractional intestinal absorption was calculated 

1 Kindly performed by the Hahn-Meitner-Institute, Berlin (West). 
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TABLE I. COMPARTMENT SIZES AND EXCHANGE RATES EVALUATED 
APPLYING THE COMPARTMENTAL MODEL AS GIVEN IN FIG. 1 

Subject Compartment size (g) . Exchange rate (g/day) 

C, C2 Сз R2I 
R

32 R43 R51 

H.J. 

H.V. 

1.77 1.79 

0.84 Í .36 

4.01 

4.22 

44.6 

38.5 

16.4 

10.1 

0 .28 

0.29 

0.61 

0.25 

^ Tracer 

W u V 1-23 ' L „ V J 
i L " 
Excretion 

FIG. 1. Quaternary four compartmental model for human calcium turnover. 

from the ratio of activities of 45Ca and 47Ca in the blood sample drawn on the 
second day of the investigation [9]. 

4. RESULTS 

1 Both the subjects showed a maximum intestinal uptake from the administéred 
dose of 18 mg calcium (H.J. : 100%, H.V.: 97%) as compared to the normal range 
of 72 ± 9% (x ± SD) [7,9] . These values reflect mainly the vitamin D dependent 
active transport of calcium across the intestinal mucosal wall from an easily bioavail-
able form of calcium. On the other hand calcium excretion was increased only in one 
of the patients (H.J.) whereas the other showed a normal excretion. This imbalance 
between transport capacity of uptake and excretion in the long term may account for 
the accumulation of both calcium and fluorine in the body. 

The plasma clearance of the intravenously injected trace amount of 47Ca was 
significantly accelerated in both subjects. Accordingly, the calculations on the basis 
of the compartmental model showed increased exchange rates between the compart-
ments Nos. 1, 2 and 3 (Table I). This means an enhanced internal calcium turnover 
in these patients. The values of the measured long term whole body retention of 
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t i m e a f t e r i n j e c t i o n 

FIG. 2. Whole body retention curves of two subjects with mild fluorosis (H.J. and H. V.) 
compared with normal ranges of men and women. 

47Ca are a measure of the calcium which is finally fixed to the skeleton. Within the 
observation interval of four weeks the plateau activity which could be expected is 
not reached for that fraction which has been incorporated into the mineralized bone 
matrix, but not yet converted to a resorption zone. Nevertheless the values of whole 
body retention at day 28 after injection of the tracer are correlated with micromor-
phometrically obtained parameters of bone apposition [10]. 

In healthy adult male and female subjects whole body retention on day 28 aver-
ages .43 ± 5% (x ± SD) and 37 ± 6 % respectively [11]. For several diseases 
distinct changes of whole body retention have been observed [10, 11]. In this study 
only subject H.V. showed a clearly increased whole body retention of 55% whereas 
the retention curve of subject H.J. lies completely within the normal range (Fig. 2). 
The accretion rates, however, as evaluated by the compartmental analysis were 
found to be normal in both cases (Table I). It might be that in the final step of miner-
alization fluorine is preferentially introduced into the bone matrix. But at least in one 
of the cases the normal calcium accretion rate was well in accordance with the 
histomorphometric finding of a diminished number of osteoblasts and normal 



IAEA-SM-304/76 381 

osteoclastic activity. In pàtients with severe chronic fluorosis, increases in calcium 
turnover and mineralization rate were observed [12]. 

5. DISCUSSION 

With regard to the fluorine content of the bone specimens, the cases studied 
here may have presented with borderline fluorosis. Accordingly, no reason for the 
disease could be evaluated for both subjects. By contrast, excessive fluoride concen-
trations of water of up to 12 mg/L are documented, e.g. for Rajasthan. But the 
results obtained for these pilot cases demonstrate that significant deviations in 
calcium kinetic parameters as compared to healthy subjects may be expected already 
in the early stages of fluorosis. Therefore, such studies will be a useful tool to assess 
the onset and frequency of skeletal disorders due to fluorosis in Rajasthan. A 
problem might arise from the relatively short half-life of the radiopharmaceutical 
47Ca. Therefore, it may be useful to apply stable isotopes of calcium instead of the 
radionuclides. Comparative studies are currently under way to check the feasibility 
of such isotopes for calcium kinetic investigations [13]. 
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Abstract-Resumen 
THE USE OF RADIOISOTOPE TECHNIQUES IN EVALUATING AND MONITORING 
THE DEGREE O F CARDIAC COMPROMISE IN CHAGAS' DISEASE PATIENTS. 

The purpose of this work was to evaluate the cardiac effect of Chagas' disease by means 
of myocardial scintigraphy with thallium-201 and radioisotopic ventriculograms with " " r e -
labelled red blood cells in equilibrium, evaluating the presence or absence of alterations in 
myocardial perfusion and in left ventricular function in Chagas' disease patients of 
groups I, II and III. The first two groups were monitored after a period of 4 to 5 years for 
the purpose of checking on the development of myocardial damage and its intensity during 
this period. A study was made of 26 patients (19 men) (average age: 47 ± 10 years); of these, 
8 belonged to group I (age: 45 ± 10), 10 to group II (age: 49 ± 7) and 8 to group 1П (age 
46 ± 7). Thallium-201 was administered to all the patients of groups I and II during effort 
and redistribution and radioisotopic ventriculograms were made during rest and exercise. The 
same method of evaluation was repeated after a period of 4 to 5 years. The patients of group 
III were evaluated only during rest, in view of the difficulties of analysing the radioisotopic 
ventriculograms due to their arrhythmias. Myocardial perfusion is compromised in 60% of 
the Chagas' disease patients in group I and in all the patients of groups II and III. The follow-
up shows a progressive regionalization of these alterations in the group II patients. Ventricular 
function during rest was normal in the patients of groups I and II, and abnormal in those of 
group III (p < 0.01, p < 0.05, respectively). Ventricular function during effort in the group 
I patients shows a significant decrease during the follow-up period (p < 0.05). Emphasis 
should be placed on the sensitivity of radioisotope techniques for detecting myocardial damage 
in the preclinical stage (without cardiomegaly) of this disease. 

EVALUACION Y SEGUIMIENTO CON TECNICAS RADISOTOPICAS DEL GRADO 
DE COMPROMISO CARDIACO EN PACIENTES CON ENFERMEDAD DE CHAGAS. 

El objetivo de este trabajo fue evaluar la repercusión cardíaca de la enfermedad de 
Chagas mediante la centelleografía miocárdica con talio 201 y el ventriculograma radisotópico 
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con glóbulos rojos marcados con " T e ™ en equilibrio, valorando la existencia o no de altera-
ciones en la perfusión miocárdica y en la función ventricular izquierda en pacientes con la 
enfermedad de Chagas de los grupos I, II y III. Se realizó un seguimiento de los dos primeros 
grupos de 4 a 5 años con la finalidad de comprobar la evolución del daño miocárdico y la inten-
sidad del mismo en el período de tiempo señalado. Se estudiaron 26 pacientes 
(19 hombres) con edad promedio de 47 ± 10 años; de ellos 8 pacientes pertenecían al grupo 
I (edad 45 ± 10), 10 al grupo II (edad 49 ± 7) y 8 al grupo III (edad .46 + 7). A todos los 
pacientes de los grupos I у II se les administró talio 201 de esfuerzo y redistribución y 
ventriculograma radisotópico de reposo y ejercicio, repitiéndose idéntica metodología de eva-
luación en un lapso de 4 a 5 años. Los pacientes del grupo III fueron solo evaluados en reposo, 
dadas las dificultades del análisis del ventriculograma radisotópico por las arritmias de los 
mismos. La perfusión miocárdica en la enfermedad de Chagas se encuentra comprometida en 
el 60% de los pacientes del grupo I y en el total de los pacientes de los grupos II y III. Se 
evidenció en el seguimiento una progresiva regionalización de dichas alteraciones en los 
pacientes del grupo II. La función ventricular en reposo fue normal en los pacientes de los 
grupos I у II y anormal en los del grupo III (p < 0,01, p < 0,05, respectivamente). La función 
ventricular de esfuerzo en los pacientes del grupo I presenta una disminución significativa 
durante el período de seguimiento (p < 0,05). Cabe destacar la sensibilidad de las técnicas 
radisotópicas para detectar daño miocárdico en la etapa preclínica (sin cardiomegalia) de esta 
enfermedad. 

1. INTRODUCCION 

La enfermedad de Chagas (ECh) es una afección parasitaria histica y hemática 
provocada por el Trypanosoma cruzi (Te), protozoo flagelado hematófilo que anida 
y reproduce en los tejidos [1 ,2] y constituye una endemia en Argentina y otros 
países de América. Existen unos 65 millones de personas expuestas a contraer la 
infección, de las cuales se estima que 20 millones ya están infectadas [3, 4]. En nues-
tro país la prevalencia de infección, determinada por reacciones serológicas, es del 
orden del 5,8% de la población general, índice que se eleva hasta el 45-50% si se 
consideran zonas endémicas como las provincias dé Santiago del Estero y Chaco 
[5, 6]. 

Desde las primeras descripciones de Carlos Chagas y posteriores referencias 
de numerosos investigadores como Laranja, Mazza, etc., el cuadro clínico e incluso 
aspectos electrocardiográficos y anatomopatológicos de esta enfermedad han sido 
claramente señalados [7-10]. A pesar de conocerse finos detalles de la ultraestruc-
tura miocárdica cuando esta patología afecta al corazón [11, 12], es mucho lo que 
se desconoce de la evolución e historia natural de la ECh. Es conocido que luego 
de la primoinfección por el Te, una vez finalizada la fase aguda con o sin manifesta-
ciones clínicas, sobreviene un largo período de latencia, fase indiferenciada o 
indeterminada, hasta que un porcentaje variable (entre el 10 y 40% según diferentes 
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autores [7, 13]) llega a tener compromiso cardíaco demostrablé por la clínica, el 
electrocardiograma y la telerradiografía de tórax. Esta modalidad evolutiva, que es 
variable en longitud e intensidad del daño de un paciente a otro, ha sido atribuida 
a una personal respuesta inmunológica despertada por el Tc [14, 15]. Sin embargo 
es probable que otros factores (tipo de trabajo, alimentación, alcoholismo, taba-
quismo, stress, enfermedad coronaria, etc.) puedan quizas agregarse e incidir en la 
historia natural de la ECh. 

Teniendo en consideración todos estos aspectos controvertidos, es necesario un 
estudio longitudinal, con cortes horizontales, empleando métodos complementarios 
de diagnóstico no invasivos. Prácticamente todos los métodos de estudio cardiovas-
cular han aportado material informativo del compromiso miocárdico. Los 
radisótopos incorporados en las últimas décadas han sido un valioso aporte para 
determinar el grado de daño miocárdico de la ECh [16, 17]. 

2. OBJETIVO 

El objetivo de este trabajo fue evaluar la repercusión cardíaca de la ECh me-
diante la centelleografía miocárdica con talio 201 y ventriculograma radisotópico con 
glóbulos rojos marcados con 99Tcm, ambos estudios en reposo y ejercicio, 
valorando la existencia o no de alteraciones en la perfusión miocárdica y en la 
función ventricular izquierda en pacientes chagásicos, efectuándose un seguimiento 
promedio de 4-5 años. 

3. MATERIAL Y METODO 

Se clasificó a los pacientes en los grupos I, II y III, a su ingreso en el estudio: 
el grupo I: serología positiva, electrocardiograma e índice cardiotorácico en tele-
rradiografía de tórax normales; el grupo II: serología positiva, electrocardiograma 
anormal e índice cardiotorácico normal; grupo III: serología positiva, electrocar-
diograma anormal e índice cardiotorácico anormal sin insuficiencia cardíaca 
clínicamente demostrable. 

Se estudiaron 26 pacientes (p), 19 eran hombres, con edad promedió de 
47 ± 8 años. De ellos 8 p pertenecían al grupo I, con edad promedio de 45 ± 10 
años; 10 p al grupo II, edad promedio 49 ± 7 años, y 8 p al grupo III, edad promedio 
46 + 7 años. 

A todos los p del grupo I y II se les efectuó perfusión miocárdica de esfuerzo 
y redistribución y un ventriculograma de reposo y ejercicio, realizándose idéntica 
evaluación en un lapso promedio de 4, 5 años (rango de 4 a 5 años). 
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Los pacientes del grupo III fueron evaluados solamente en reposo, dada la 
dificultad del análisis del ventriculograma por las arritmias.de estos pacientes. 

3.1. Perfusión miocárdica de esfuerzo y redistribución 

Los pacientes fueron sometidos a una prueba ergométrica graduada en una 
plataforma deslizante, utilizándose para ello el protocolo de Bruce [18], previa 
colocación en vena antecubital de una butterfly. 21-G heparinizada y conectada a una 
jeringa con 12 cm3, de solución fisiológica. El ejercicio se continuó hasta alcanzar 
uno o más de los criterios empleados de rutina para detener el mismo. En el momento 
del máximo esfuerzo se inyectaron 74 MBq (endovenoso) de talio 201, continuando 
el ejercicio durante los 50 segundos posteriores a la inyección. 

La adquisición de las imágenes comenzó a los 5 minutos de la administración 
del trazador. Se realizaron 3 proyecciones: oblicua anterior izquierda de 45°, antero-
posterior y oblicua anterior izquierda de 70° o lateral izquierdo, en cámara gamma 
con 37 fotomultiplicadores y colimador de alta resolución. Se efectuó alizamiento de 
las imágenes digitales en matriz de 128 x 128 sin substracción de la actividad de 
fondo. A las 4 horas posteriores a la inyección se realizó una nueva adquisición 
(imágenes de redistribución) en idénticas incidencias a las del esfuerzo. La inter-
pretación de las imágenes fue efectuada por dos observadores experimentados en 
forma independiente. . 

3.2. Ventriculograma radisotópico en equilibrio en reposo y ejercicio 

Se empleó técnica de marcación in vivo de pool vascular con 13,3 MBq de 
tecnecio pertecnetato por kilo de peso, previa sensibilización de los glóbulos rojos 
con cloruro de estaño [19]. Se adicionó a la cámara gamma caracterizada en el estu-
dio con TI, una camilla ergométrica con 45° de inclinación en el eje vertical. 

Luego de efectuarse una adquisición basal sincronizada con la onda R del elec-
trocardiograma de 3 minutos de duración (colectándose un promedio de 100k en cada 
una. de las 16 fases en que se. dividió el ciclo cardíaco), se inició la prueba 
ergométrica graduada, adicionando cargas de 150 kilográmetros en cada etapa del 
ejercicio de 4 minutos de duración cada una, conjuntamente con adquisiciones de 
iguales características que el reposo, luego del primer minuto de cada etapa 
ergométrica, con el propósito de alcanzar una mayor estabilización de la frecuencia 
cardíaca y una última adquisición a los 6 minutos de la recuperación en idénticas 
condiciones. 

La información fue procesada utilizando un programa con substracción manual 
de fondo e identificación automática de los bordes de la cavidad ventricular izquierda 
a partir de un área prefijada por el operador, evaluándose la fracción de eyección 
ventricular izquierda (FEVI) en el estudio basai y al final del mismo. 

El análisis estadístico de los datos fue realizado utilizando el Test de Student. 
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4. RESULTADOS 

En cada grupo se obtuvieron los resultados que aparecen en los Cuadros I—III. 
Como muestra la Fig. 1, de los 8 p del grupo I, 5 p (63 %) tenían una perfusión 

miocárdica patológica y el resto (37%) fueron normales én su evaluación inicial de 
los años 82, 83. La función ventricular en reposo, en el mismo período, fue normal 
con una respuesta adecuada al ejercicio. Cuatro años y medio después el 75% de los 
p tuvieron una perfusión anormal, la función ventricular en reposo se mantuvo 
normal con una respuesta anormal al ejercicio en el 50% de los p de éste grupo (3 
p curva plana y uno con descenso de la FEVI al final del ejercicio (Cuadro I, Fig. 2). 

El 100% los pacientes del grupo II tenía una perfusión patológica en la evalua-
ción inicial, presentando el 50% una distribución globalmente irregular del trazador 
(Fig. 3) y el 50% restante una regionalización de los defectos de perfusión a 
predominio ápicoinferior. Cuatro años y medio después, estos defectos regionales se 
incrementaron a un 90% (Fig. 1). La función ventricular en reposo fue normal en 
8/10 p, con respuesta también normal al ejercicio en 6/10 p; de los 4 p restantes, 
3 no tuvieron variación de la FEVI y uno presentó caída de la misma con el ejercicio. 
En el nuevo control a los 4,5 años se observó FEVI basal normal en 7/10 p con un 
50% de respuestas normales al ejercicio; del 50% restante, 2 p presentaron caída de 
la FEVI y 3 p ausencia de variación de la;misma (Cuadro II, Fig. 4). 

El grupo III (Cuadro III, Fig. 1) solo fue evaluado en reposo, presentando 
todos los pacientes hipoperfusión patológica segmentaria con un patrón, irregular en 
el resto del miocardio. Se observó en este grupo una incidencia de aneurismas 
ventriculares del 37,5% (Fig. 5). La función ventricular en reposo estaba 
significativamente disminuida respecto de los p del grüpo I (p < 0,01) y del 
grupo II (p < 0,05) (Fig. 6). 

5. DISCUSION 

Llama la atención que en nuestra serie de pacientes la edad promedio de los 
diferentes grupos no varió significativamente. Esto no concuerda con los datos 
obtenidos por varios investigadores [20-23]. Es de esperar que los pacientes con 
mayor compromiso cardíaco sean de mayor edad que los pacientes serológicamente 
positivos, sin ningún otro tipo de manifestación electrocardiográfica ni radiológica. 
Una explicación de nuestros valores podría ser que a nuestro centro llega una mues-
tra muy heterogénea derivada de diferentes zonas con distinto grado de endemia 
(variando la edad de primoinfección y el número de reinfecciones a que están 
expuestos). , 

Los datos observados en la perfusión miocárdica y en la función ventricular 
izquierda en los pacientes de los grupos I y II se manifestaron sin experimentar 
ningún cambio en su clase funcional clínica, electrocardiográfica ni radiológica; 



CADRO I. PERFUSION MIOCARDICA Y FUNCION VENTRICULAR IZQUIERDA EN LOS OCHO 
PACIENTES DEL GRUPO I 

Edad Mets FEbasal (%) FEfinal (%) Talio 
(años) 82/83 87 82/83 87 82/83 87 82/83 87 

41 6,4 7,8 50 53 70 55 I -R I -R 

55 7,0 6,8 73 67 90 80 I I 

43 - 9,7 10,4 73 73 86 86 - N N 

25 6,4 8,5 64 69 70 59 N I 

39 8,3 7,7 82 84 81 83 I I 

53 8,6 8,5 71 57 80 56 I I -R 

53 8,6 7,0 70 63 74 69 N N 

54 6,0 5.2 60 57 70 68 I I 

X: 45 ± 10 7,6 ± 1.3 7;7 ± 1,6 68 ± 10 65 ± 10 78 ± 8 69 ± 12 

FEbasal = fracción de eyección basal; FEfinal = fracción de eyección final; N = normal; I -R = irregular y regional. 



CUADRO II. PERFUSION MIOCARDICA Y FUNCION VENTRICULAR IZQUIERDA EN LOS DIEZ 
PACIENTES DEL GRUPO II 

Edad Mets FEbasal (%) FEfinal (%) Talio 
(años) 82/83 87 82/83 87 82/83 87 82/83 87 

49 5,3 6,4 -57 54 70 64 I -R 1-R 

56 6,6 5,8 71 65 73 66 I I -R 

46 11,0 8,2 59 58 87 87 I I 

41 6,2 7,6 64 70 58 84 I -R I -R 

44 6,1 6,6 54 - 53 53 61 I I -R 

62 6,8 7,1 39 56 49 51 I -R I -R 

50 9,2 8,0 67 69 81 79 I I -R 

40 6,4 6,4 59 60 57 49 I -R I -R 

44 4,7 6,5 56 55 72 55 I -R I -R 

54 9,7 8,4 73 60 86 62 I I -R 

X: 49 ± 7 • 7,2 ± 2 7,1 ± 1,5 60 ± 10 60 + 6 69 ± 13 66 ± 13 

FEbasal = fracción de eyección basal; FEfinal = fracción de eyección final; I = irregular; I -R = irregular y regional. 

u> 
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CUADRO III. PERFUSION MIOCARDICA Y 
FUNCION VENTRICULAR IZQUIERDA EN LOS 
OCHO PACIENTES DEL GRUPO III 

Edad FEbasal (%) 1 Talio 
(años) 

48' 67 I -R 

33 68 I -R 

44 34 I -R 

48 59 I - R 

51 27 I -R(A) . 

57,; 45 I - R ( A ) 

43 44 I -R 

46 29 I-R(A) 

X: 46 ± 7 47 ± 16 

FEbasal. = fracción de eyección basal; I - R = defectos de perfu-
sión irregular y regional; A = aneurisma. 

tampoco hubo variación significativa en la capacidad funcional alcanzada en la PEG 
de estos pacientes en los períodos evaluados, coincidiendo con los trabajos de Posse 
et al. [24] ; y Vita et al: [25], quienes no hallaron diferencias significativas en los 
distintos grupos de pacientes con enfermedad de Chagas respecto de la clase 
funcional máxima alcanzada. 

En los pacientes del grupo I, el ventriculograma de; reposó estuvo; levemente 
alterado en un 13% de éstos, tanto en 1982/83 como en 1987; Storino et al. [20] lo 
hallaron alterado en un 17%. Se observó una progresión de las respuestas anormales 
al ejercicio durante el período de seguimiento (37,5% en 1982/83 y 62,5% en 1987), 
considerando defectos de conducción, arritmias ventriculares, incompetencia 
cronotrópica e hipertensión arterial reactiva diastólica durante el ejercicio; otros 
trabajos [20] hallaron en este grupo de pacientes un 33% de respuestas anormales, 
evaluando sólo la presencia de arritmias ventriculares e insuficiencia cronotrópica. 
Esto concuerda con la variación significativa hallada por nosotros de la FÉVI al ejer-
cicio durante el mismo período. 
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87 
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Grupo III 

Normal Irregular Irregular 
y regional 

FIG. 1. Distribución de los diferentes patrones de la perfusión miocárdica en los distintos 
grupos evaluados. 

En los pacientes del grupo II el VR ventriculograma en reposo fue anormal en 
el 20% de ellos en 1982/83 y en el 30% en 1987; Storino et al. [20] hallaron un 25% 
de alteraciones para este grupo; Kuschnir et al. [26] un 27 %. Respecto del comporta-
miento cardiovascular en las pruebas ergométricas de nuestra série, tuvimos alta 
incidencia de anormalidades en este grupo (78% en 1982/83 y 89% en 1987), no 
evidenciándose cambios significativos en el seguimiento; Storino et al. [20] hallaron 
un 55% de respuestas anormales. 

: Respecto de las alteraciones en la perfusión miocárdica Rotondaro et al. [27] 
describieron el patrón irregular en la captación del compuesto como imagen "apoli-
llada" en una alta incidencia de pacientes chagásicos con distinto grado de bloqueo 
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50 

Reposo Ejercicio 

FIG. 2. Comportamiento de la fracción de eyección ventricular izquierda (FEVI) basai y al 
final del ejercicio en los pacientes del grupo I, en el período evaluado. 

l i l p l l l l l l 

S e i S t l i i l l S 

• ? rf . 

FIG 3. Talio de esfuerzo y redistribución en un paciente del grupo II. Nótese la captación 
intensamente irregular del compuesto, conjuntamente con el adelgazamiento apical de la 
pared ventricular. 



IAEA-SM-304/47 3 9 3 

FEV 1 % 
Grupo II 

80-
Años 82 - 8 3 

87 

70 

60 

NS 

50-

Reposo Ejercicio 

FIG. 4. Comportamiento de la fracción de eyección ventricular izquierda (FEVI) basai y al 
final del ejercicio en los pacientes del grupo II, en el período evaluado. 

aurículo ventricular, hallando un neto predominio en las regiones ápicoinferiores 
cuando el bloqueo AV era completo. En otro trabajo el mismo autor [28] comparó 
las imágenes del talio en pacientes chagásicos y con cardiopatía isquémica, haciendo 
hincapié en la imagen no homogénea, en sacabocado de la miocardiopatía chagásica 
crónica y en los distintos espesores que se suelen observar en esta afección, 
correspondiendo muy posiblemente a zonas de fibrosis y en casos avanzados a aneu-
rismas ventriculares, especialmente en la punta. Kuschnir et al. [29] estudiaron el 
flujo miocárdico con rubidio 86 en pacientes chagásicos con electrocardiograma 
patológico, con y sin alteración del índice cardiotorácico en la telerradiografía de 
tórax, demostrando una menor perfusión miocárdica global, ocasionada 
probablemente por la existencia de áreas de fibrosis y/o inflamatorias que se interca-
lan con zonas normales. En nuestra serie fue alta la incidencia de defectos de perfu-
sión difusos y permanentes a nivel miocárdico, en especial en los pacientes de los 
grupos II y III, observándose en el seguimiento de los p del grupo II una mayor 
regionalización de las áreas comprometidas (90%). 

Respecto de los pacientes del grupo III (sin seguimiento), los datos del 
ventriculograma en reposo concuerdan con los de otros, autores [20, 26, 30] y son 
expresión del mayor compromiso cardíaco de estos pacientes; nuestra incidencia de 
aneurismas y su localización más frecuente en punta y pared posterior, también es 
coincidente con la de la literatura [31]. 

De lo expuesto cabe destacar la sensibilidad de las técnicas radisotópicas para 
detectar daño miocárdico en la etapa preclínica y sin cardiomegalia de esta enfer-
medad, como lo prueban los hallazgos de las alteraciones en la perfusión miocárdica 
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FIG. 5. Visualization de un aneurisma apical en un paciente del Grupo III. A: perfusion 
miocárdica en proyección antero-posterior; В: perfusión miocárdica èn proyección oblicua 
anterior izquierda de 70°; C: análisis de motilidad parietal en proyección antero-posterior; 
D: análisis de mótilidad parietal en proyección oblicua anterior izquierda de '45 

en los grupos I y II y el comportamiento de la función ventricular izquierda con el 
ejercicio durante el seguimiento en los pacientes del grupo I. 

6. CONCLUSIONES 

La perfusión miocárdica en la enfermedad de Chagas es anormal en más de 
la. mitad de los pacientes del grupo I y en el total de los pacientes de los grupos II 
y III. En el seguimiento se observa una progresiva regionalización de dichas altera-
ciones en los pacientes del grupo II. 

La función ventricular en reposo es normal en la gran mayoría de los pacientes 
de los grupos I y II y anormal en un elevado porcentaje de los pacientes del 
grupo III, con significación, estadística. 
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FIG: 6. Análisis estadístico de la fracción de eyección ventricular izquierda (FEVI) de reposo 
en los diferentes grupos. 

El seguimiento a cinco años muestra una lenta tendencia al deterioro de la 
función ventricular, evidenciado por una respuesta plana al ejercicio y una disminu-
ción significativa de la FEVI.de esfuerzo durante el período de sguimiento en los 
pacientes del grupo I. 

Cabe destacar la sensibilidad de las técnicas radiotópicas para detectar daño 
miocárdico en la etapa preclínica y sin cardiomegalia de esta enfermedad. 
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DISCUSSION 

The Chairman enquired whether it was possible to observe in images of 
patients with Chagas' disease the characteristic patterns of cardiomyopathy or 
myocardial infarction. Ms. Repetto stated that the patterns observed were irregular 
and difficult to correlate with pathological changes. However, from a consideration 
of clinical, electrocardiographic, nuclear medicine and radiological evidence, it was 
possible to arrive at a detailed diagnosis. 





INSTRUMENTS 

(Session 9) 

Chairmen 

H. BERGMANN 
Austria 

P.W. HORTON 
United Kingdom 





Review Paper 

INSTRUMENTATION FOR DYNAMIC STUDIES 

T.D. CRADDUCK 
Victoria Hospital 
and 
University of Western Ontario, 
London, Ontario, 
Canada 

Abstract 

INSTRUMENTATION FOR DYNAMIC STUDIES. 
Although it is possible to perform dynamic studies using equipment as simple as a single 

collimated sodium iodide (Nal(Tl)) detector connected to a count rate meter and pen chart 
recorder, the results obtained with such equipment have a number of inherent errors associated 
with them. Such equipment is inexpensive and relatively easy to use for most studies but its 
application is limited. The equipment of choice is a scintillation camera with an associated 
nuclear medicine computer that can be used to capture the data and for subsequent data 
manipulation and analysis. The step from single probe and ratemeter to scintillation camera 
and computer is a major one, but is unavoidable if the results achieved are to have any 
diagnostic value. A number of specialized pieces of equipment are available, but these must 
be regarded with a certain degree of circumspection where developing nations are involved. 
Scintillation cameras can be used for a large range of nuclear medicine studies both dynamic 
and static; they have reached a high level of reliability; field service is generally available from 
the major manufacturers in most countries; and training in the use of scintillation cameras is 
more readily available. This paper will discuss some of the performance characteristics of a 
scintillation camera/nuclear medicine computer combination that make it suitable for dynamic 
studies. 

1. INTRODUCTION 

Any review of dynamic studies in nuclear medicine must make note of the fact 
that nuclear medicine traces its history to the work of Blumgart [1] who, in 1924, 
determined cardiac transit times using radium and a Geiger counter as a detector. 
In the 1940s when radionuclides began to become more readily available, detectors 
were still limited to Geiger-Müller (GM) or gas proportional chambers. Dynamic 
studies were essentially limited to those of relatively long (minutes to hours) dura-
tion, and due to little or no collimation, the volume of tissue under investigation was 
poorly defined. 

401 



4 0 2 CRADDUCK 

During the 1950s sodium iodide (Nal(Tl)) detectors became available. These 
detectors were considerably more sensitive and could be collimated fairly easily in 
order more properly to define the organ under investigation [2,, 3]. Electronic 
sophistication in the form of discriminators and single channel analysers made it 
possible to discriminate against both scattered and background radiation so that one 
could place greater reliability on the results obtained. Dynamic studies could now 
be made of more rapid physiological processes of the orders of seconds duration, 
so that, with such technology, the early cardiac output measurements were made [4]. 
The output from these detection systems was recorded on pen chart recorders from 
analogue raten.eters and the results were very dependant upon such factors as the 
ratemeter time constant and paper chart speed. 

From single probes it was a simple step to using multiple probes for such 
studies as renal function [5]. The multiprobe system developed by Britton and Brown 
incorporated analogue computers to facilitate curve subtraction and simple analysis 
[6]. Another system, known as a nuclear stethoscope, has been developed for nuclear 
cardiography, though it has benefited from more recent technology in terms of the 
computer analysis available [7]. 

The underlying problem associated with any probe system of this nature is the 
positioning necessary to 'view' the target organ with optimal sensitivity and rejection 
of interfering signals. A significant quality control procedure that must be performed 
very regularly is the 'balancing' of the probes so that they 'see' equal activities with 
equal sensitivities. 

Even when the probes are properly positioned, the sensitive volume will be 
bound to include other tissue and it is impossible to discriminate against the signals 
from that tissue. The CABBS system devised by Britton and Brown [6] required 
administration of a small pre-tracer dose of radiopharmaceutical so that the kidney 
probes could be adjusted to subtract the correct proportion of the count rate seen by 
the cardiac probe when the true tracer dose was subsequently given. This system was 
also produced using digital ratemeters instead of analogue ratemeters. 

More recently developments based on cadmium telluride (CdTe) detectors 
have produced personalized detectors that can be used by an ambulatory patient. The 
data are either recorded by the system or at a remote site by telemetry [8-10]. 

1.1. Scintillation cameras 

The introduction of the scintillation camera by Anger in 1958 [11] opened 
completely new horizons for dynamic studies. Admittedly, it was not possible to 
monitor the activity in several widely dispersed organs, but the positioning of the 
detector did not pose the same problems and the operator could now visualize the 
flow of activity. The disadvantage was that the early systems were limited solely to 
visualization. It was not possible to select specific regions of interest and plot the 
time/activity curve for these regions. 
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1.1.1.- Defining regions, of interest 

Several techniques were developed, in an effort to overcome this deficiency. 
Westerman [12] used a method in which he first recorded the position data from the 
scintillation camera in chronological order on a magnetic tape. This information was 
played back to enable the operator to cut out a mask to place over the face of the 
oscilloscope display. Once the mask defining the desired region of interest had been 
constructed, the data were played back yet again, but this time a photo detection 
system was used to 'count' the events on the screen within the mask and these counts 
were recorded on a pen chart recorder. This system had the virtue of simplicity, but 
must have been extremely tedious and time consuming. A different mask would have 
to be constructed for each region of interest and the process repeated for each 
time/activity curve. 

Another technique that was relatively simple for the camera manufacturers to 
initiate was the 'split crystal' or 'split screen' method. The.scintillation events occur-
ring each side of the Y-axis (the -1-Х and —X events) are handled by separate elec-
tronic channels.-It was, therefore, a simple modification to make those signals 
available for a dual pen chart recorder. The intent of this technique was to enable 
renograms to be made possible yvith the camera located so that the kidneys lay on 
the left and right sides of the centre line of the detector. The usefulness, was 
extremely limited as the -field of view was bound to include considerable extra-renal 
tissue: for. which no background subtraction could be performed. 

In order to overcome this deficiency. of the split crystal technique, some 
manufacturers offered optional modules for their cameras which allowed, the opera-
tor to define two elliptical regions of interest using electronic irises (or masks) 
applied to the position signals. The counts occurring within these irises could then 
be recorded on a pen chart recorder via a count rate meter. This technique overcame 
the problem of extraneous counts and allowed the operator to define, more tightly 
bound regions of interest (albeit they were elliptical), but it was still necessary to 
capture the data on magnetic tape first, replay the data, to set the region of interest 
and replay it once more to record the time/activity curves. 

1.2. Computers 

All of these techniques were developed in the late 1960s soon after the 
commercial, production of scintillation cameras and the introduction of 99Tcm as the 
radionuclide of choice, but before the application of computers for data acquisition 
and analysis. Since 1970 we have had the advantage of being able to collect data into 
computers and this has facilitated the analysis of dynamic studies enormously. 
Unlike the concept of masks on the display oscilloscope or the split crystal technique, 
the application of computers brings a much greater level of sophistication. On the 
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other hand, the amount of data that can be extracted is considerably increased and 
the manipulation of those data is less tedious. 

It is the acquisition and analysis of data using the combination of a scintillation 
camera and computer that is the preferred method of performing dynamic studies in 
most countries today. It is this aspect of nuclear medicine that we shall discuss in 
greater detail. There may be some justification in using specialized equipment such 
as is the subject of other papers in this session. However, the scintillation camera 
is the imaging instrument of choice in the vast majority of locations, and, since it 
can be used for static imaging, as well as dynamic studies, it may be regarded as 
a valuable general purpose instrument which can therefore be more easily justified 
from an economic point of view. 

2. SCINTILLATION CAMERA 

The basic components of the scintillation camera are the collimator, detector, 
scintillation event positioning network, energy discrimination module and display. 
These components have, however, been considerably modified and improved over 
the years in order to produce an imaging system that is capable of accurately mapping 
the activity pattern at the output device. Collimators have been improved to optimize 
resolution and linearity (uniformity is a function of spatial linearity); the electronic 
modules used to position events properly have been subject to major changes as 
corrections for energy response and spatial linearity have been applied; and the 
display devices have been improved in order to take advantage of the improved 
spatial resolution of systems. At the same time reliability has improved and most 
scintillation cameras now include some form of self-tuning feature which reduces the 
time taken to adjust the scintillation camera for optimum performance. How do all 
these improvements affect the ability of the scintillation camera to perform dynamic 
studies? The simple answer is, of course, that they have all contributed in some way 
to enhancing the results, but it is pertinent to discuss each in turn. 

2.1. Collimators 

The major improvement in collimators has been in the fabrication of them so 
that resolution and sensitivity have been optimized. Early collimators consisted of 
lead poured into a casting mould of pins which were then extracted to leave parallel 
holes. This was an extremely labour intensive task. It also implied that the septa had 
to remain fairly thick and the holes relatively large in diameter. Medium and high 
energy collimators are still fabricated using similar methods. 

Using lead foil that has been corrugated into square or hexagonal cross-section 
it is possible to fabricate collimators which have extremely thin septa. This improves 
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the sensitivity considerably, but also means that-the collimator is subject to damage 
both during manufacture and in clinical use. 

Dynamic studies are usually photon deficient. This implies that for most situa-
tions it is desirable to use a high sensitivity collimator or at least a general purpose 
collimator. There is nothing to be gained by using a high resolution collimator 
because dynamic studies are rarely concerned with defining small structures. The 
important thing is to collect as many counts as possible in order to reduce the statisti-
cal errors. 

2.2. Detector 

Most scintillation cameras are now designed with scintillation crystals about 
1 cm thick. This results in close to 92% of the incident radiation for 99Tcm undergo-
ing some sort of interaction with the detector. At one time, some cameras were built 
with crystals only 7 mm thick. This improved spatial resolution, but reduced the 
stopping power of the crystal to about 75%. A decrease of some 17% in the count 
rate can be significant for dynamic studies. 

Some experiments have been conducted with other detecting materials, but 
Nal(Tl) detectors remain the detectors of choice in terms of their stopping power, 
high ratio of photoelectric events to Compton scattering and fast decay of light 
output. 

In order to achieve fast count rates, differentiating amplifiers are used which 
cut off the pulse from the photomultipliers early. This means that the signal must be 
a strong one if statistical variations are to be avoided. For this reason a great deal 
of effort has been directed towards the improvement of photomultipliers and their 
coverage of the crystal surface. Bi-alkalide photomultipliers have proven to have 
better performance characteristics and to be more reliable than the earlier designs, 
so that spatial resolution has been improved due to noise reduction. 

The energy and linearity correction modules that follow the detector head in 
the imaging chain operate on the basis of digital electronics [13]. Some manufac-
turers have therefore chosen to digitize the analogue signals from the camera early 
in this chain and consequently describe these cameras as 'digital' cameras. Such 
cameras still depend upon the same detection system and therefore the position 
signals begin their life as analogue signals no matter by what process they are subse-
quently modified. 

2.3. Positioning network 

It is probably fair to say that it is in the methods used to derive the positioning 
signals that the greatest developmental advances have been made. 

The major problem which plagued early camera designs was that of non-
uniformity caused by non-linearity. Some early correction devices attempted to 
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correct this problem by either adding or subtracting counts from the field of view 
depending on a map derived from a calibration flood. This correction dealt with the 
problem superficially. The problem is not one of increased or decreased sensitivity. 
Rather, the non-uniformity is caused by the inability of the positioning network to 
map the activity accurately . Events were located incorrectly and this manifested itself 
as non-uniformity as events were crowded into some areas, leaving other areas defi-
cient-in counts. 

Later correction devices have recognized that this phenomenon is related to the 
energy response of the photomultipliers, and energy correction plus position correc-
tion modules have evolved. These devices place events in their proper position so 
that dynamic studies can now be carried out with faith that the result does reflect the 
true distribution of activity. Those cameras that add or subtract counts are achieving 
not only a cosmetic effect, but may also affect the accuracy of the counts obtained 
in a dynamic study [14]. If it is possible, dynamic studies should be performed with 
count correction modules disabled — providing' the camera is properly tuned and 
does not demonstrate gross non-uniformities. If the latter is thé case the camera 
should not be used until it has been tuned. Any results, static or dynamic; would be 
suspect. •' 

2.4. Energy discrimination 

The major development so far as energy discrimination is concerned is the 
increased speed of the electronics so that the system dead time-has been reduced and 
the maximum count rate improved.' 

• Manufacturers' 'specifications' -must be reviewed with a critical attitude with 
respect to the quoted maximum count rate. While it may be possible to achieve such 
high cóurit rates, it may only be possible by switching some of the electronics to a 
high count rate mode and at this setting there may be such a drastic loss of resolution 
that the image is almost unrecognizable. The more important specification is the 
count rate at which a 10% or 20% loss results under normal operating conditions. 

In actual fact, the count rate capabilities of most scintillation cameras are rarely 
challenged in normal clinical operation. If the count rate is such that 20% loss occurs 
during a dynamic study it would be wise to review the protocol to determine if à 
smaller amount of activity could be used. Most cameras demonstrate a 20% loss at 
about 50 to 70 kcps. Most dynamic studies will rarely exceed 15 to 20 kcps for the 
usual amounts of activity administered. One possible exception is that of first pass 
studies of the heart where a large amount of activity must be administered in order 
to generate statistically meaningful counts in each of the frame time intervals, which 
may be as short as 1/25 second. 

Recent developments in the area of energy discrimination are systems that 
attempt to obtain meaningful information from the scattered events by analysing the 
full energy spectrum. One such system is currently being marketed and performs 
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some filtering of the image in real time as the data are collected [15]. Another, system 
makes some corrections in retrospect, having collected sets of data in a number of 
energy windows [16]. Of the two systems only the first would be suitable for 
dynamic studies, but, in any case, it remains to be proven if either system will have 
a significant impact upon the clinical results. 

2.5. Display devices 

Because the spatial resolution of scintillation cameras and their linearity 
(uniformity) has been markedly improved over the years, it has been necessary to 
improve the devices on which the images are displayed. Flat field, high resolution 
oscilloscopes have become necessary in order to provide the best image possible for 
image recording purposes. 

From the point of view of dynamic studies this component of the camera is less 
important. The performance of the display device has no direct impact upon the data 
acquired by a computer. 

3. COMPUTER SYSTEM 

Most, but by no means all, nuclear medicine computer systems are based upon 
a general purpose computer (mini or micro) that has been adapted to nuclear medi-
cine by the addition of a camera/computer interface on the input side and a special 
purpose display for output [17]. Viewed in that context, a nuclear medicine computer 
has several important components. These are: the camera/computer interface; the 
computer itself (CPU, memory, bulk storage); the display; and the software. It is 
the software, both that used for acquisition and that used for analysis, which is of 
greatest importance so far as dynamic studies are concerned. 

3.1. Hardware 

The major cofnponents of the computer hardware are the central processing 
unit (CPU), the main memory and the bulk storage or disc memory.- The speed of 
the CPU can have a significant impact upon the performance, of a computer, but is 
unlikely to impose any constraint upon the system's ability to acquire data. It.is more 
likely to affect the speed at which data can be retrieved and analysed. The size of 
memory can, however, seriously affect the system's capability to acquire dynamic 
studies — especially gated cardiac studies, all frames of which are stored in memory 
until completion of acquisition. The amount of memory available controls the size 
and number of image buffers that can be established for data acquisition, and this, 
in turn, will affect the maximum framing rate that can be achieved for a particular 
image size. 
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TABLE I. TYPICAL FRAMING RATES FOR DIFFERENT MATRIX SIZES 

j^j t r j x Maximum counts Memory required Framing rate 
(per pixel) (kB) (per second) 

32 x 32 255 0.5 80 

32 x 32 65 535 1 40 

64 x 64 255 2 20 

64 x 64 65 535 4 10 

128 x 128 255 8 5 

128 x 128 65 535 16 Static 

The data transfer rates to the disc will also affect the achievable framing rates. 
It is usually this performance parameter which is the overall controlling factor 
because the electromechanical nature of disc drives makes this data transfer the 
slowest step in the chain from scintillation camera to data storage. Table I indicates 
some typical framing rates for a common nuclear medicine computer. These rates 
may be improved upon with faster discs. 

3.2. Camera/computer interface 

The interface between the scintillation camera and computer has traditionally 
been the stage at which the data are transformed from analogue to digital form. As 
more cameras are becoming 'digitized' this interface is becoming blurred. It is 
important, however, that the integrity of the data be maintained as it is transferred 
from the camera to the computer. The performance of present day scintillation 
cameras is very good and should not be compromised by the performance of the 
camera/computer interface. This implies that the interface should be capable of count 
rates up to the limit of the camera and that the linearity of the interface should be 
better than that of the camera. 

Several levels of count buffer, or sample and hold circuits, are usually used 
to ensure that the count rate performance is sufficient. A good linearity can be 
achieved by using analogue-to-digital converters that convert more than the neces-
sary number of bits and then discard the low order bits of the digital signal [18]. 
Some faster interfaces may be designed around .'flash' converters which, in effect, 
have an analogue-to-digital converter for each of the digital levels of the output 
signal. These are more expensive and have not been used a great deal in nuclear 
medicine systems. 
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Most interfaces are capable of digitizing the input signals into a maximum of 
256 x 256 pixels. This is sufficient for the majority of applications and is definitely 
far more than is necessary for dynamic studies. The extrinsic resolution at 10 cm 
depth in tissue for the best cameras with a general purpose collimator is no better 
than about 12 to 15 mm (FWHM). If the field of view is 40 cm and it is sampled 
by a 64 X 64 array each pixel will represent 6.25 mm so that the Nyquist sampling 
principle of two samples per resolution element would be fulfilled. Using a 128 x 
128 array (or, in the extreme, 256 x 256) to acquire a dynamic study represents an 
uneconomic use of disc space. No useful information will result, but there will be 
a fourfold reduction in the average number of counts per pixel with a consequent 
increase in the statistical error involved. The images may appear to have greater 
resolution due to the smaller pixels displayed, but the information content will not 
be improved. 

3.3. Computer displays 

The display processor of a nuclear medicine computer has its own memory. 
When data are being analysed they will be in the main memory of the computer and 
a copy will exist in the display memory. The display interface to the video display 
controls the threshold of the image and the colour table in which it is being displayed. 
A separate partition of the display memory is associated with text and curve overlays. 

Most displays are now capable of displaying images in 512 x 512 arrays with 
256 different colour levels. It is important, however, that the display processor have 
sufficient memory to accommodate a number of images (16, 32 or even 64) so that 
these can be displayed in a cine mode by 'windowing' through the display memory. 
If this is not the case, the display processor will need to access the disc for each 
image as it plays back a cine of the dynamic study. This is a slow process to the elec-
tromechanical movement involved and, as a consequence, it is not possible to 
achieve viewing rates much better than 12 or 15 frames per second (depending on 
the disc) [19]. 

4. COMPUTER SYSTEM SOFTWARE 

It is well recognized that, no matter how good the hardware may be, a 
computer system is only as good as the software. This software may be regarded as 
consisting of several component parts — the operating system, the acquisition soft-
ware, the analysis software, and the user-written applications programs [19]. 
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4.1. Operating systems 

Under normal circumstances, the operating system will remain largely trans-
parent to the user of nuclear medicine software. Nevertheless, it must be recognized 
that it provides the backbone of the complete system software, and a poor operating 
system is bound to affect the performance of the rest of the system. 

4.2. Acquisition software 

Data may be acquired in one of two basic modes of collection and storage — 
list mode and frame mode [20]. Of the two, frame mode is preferred since there are 
several constraints imposed by the use of list mode which make it less desirable. 

4.2.1. Frame mode 

In frame mode the data are acquired into the computer mempry in the form 
of an image matrix. Each element of that array represents a discrete location on the 
detector and the counts which occur in that location increment the counts in that 
matrix element. Thus a 64 X 64 array occupies only 4096 words of memory and 
each of those words may contain up to 65 535 counts (assuming a 16-bit memory). 

Also, in frame mode, several image buffers are established in memory. It is 
a rapid transition to move from one buffer to another so that, providing the data from 
each buffer can be written to disc before that buffer is required again, adequate 
framing rates for most dynamic studies can be achieved (see Table I), although rela-
tively high framing rates may be required in the,case of first pass cardiac studies 
[21], The maximum count rate for data acquisition is usually of the order of 100 to 
200 kcps, and different framing rates for different phases of the dynamic study can 
be programmed. This latter facility is particularly useful in renal studies. 

4.2.2. Gated-acquisition 

A significant advance in data acquisition by computer was made with the 
introduction of gated cardiac studies [22, 23]. Although it had previously been possi-
ble to record data on magnetic tape and to do rudimentary analysis of those data using 
region of interest selection and pen chart recorders, gated acquisition depends solely 
upon the existence of a computer to acquire the data. 

The basic tenet is that the patient's ECG signal is monitored and the QRS 
complex is used as a trigger to initiate certain actions by the computer. 

In frame mode a number of buffers (typically 16, 24 or. 32) are set up in 
memory. Each buffer represents a particular segment of the R-R interval, with the 
R-wave triggering acquisition into the first buffer for each cardiac cycle. In effect, 
the buffers represent a dynamic study for one heart beat, but, because the data are 
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not written to disc until a large number of cardiac cycles have contributed to the 
study, the series of images represent the total of many beats rather than just one. 

Rejection of unsuitable R-R intervals was formerly carried out after the event. 
Once the data for a cardiac cycle have been acquired and stored, the R-R interval 
is reviewed and data acquisition is subsequently continued or interrupted based on 
the outcome of that review. However, the data from the 'bad' beat have already, been 
stored. Fortunately, the inclusion of larger memories in computer systems, faster 
computers and greater sophistication in the camera/computer interface has allowed 
manufacturers to introduce a form of retrospective data rejection by buffering the 
incoming data until a review of the R-R interval has been conducted. Only then are 
the data accepted or rejected depending on the outcome of that review. This proce-
dure provides for more accurate data but, nevertheless, the final set of data will 
always represent the sum of many selected cardiac cycles, the R-R interval for which 
was only within a chosen range. It does not represent the global function of the heart 
when it is subject to a very high percentage of premature ventricular contractions. 

4.3. Analysis software 

The two principal activities for analysis of dynamic studies are cine playback 
and time/activity curve; analysis for selected regions of interest (ROI), sometimes 
also known as areas of interest (AOI). The first of these activities allows the operator 
to view the 'dynamics' of the study at variable rates in order to recognize the distri-
bution of radionuclide in a qualitative way. In contrast to this, time/activity curves 
are able to provide quantitative information about the study from which further 
diagnostic information may be deduced. 

4.3.1. Cine displays 

Prior to the introduction of computers, the data from a scintillation camera 
could be recorded on video tape (in a digital format). This tape could then be 
replayed and the study reviewed. This replay, however, could only be done at the 
same speed as the original recording and no time compression was possible. More 
importantly, it was impossible to perform any data manipulation in order to enhance 
the images. 

The introduction of computers to nuclear medicine signalled a major advance 
because it was now possible to replay the. data at .variable rates and, in particular, 
to compress the data in time. Further, the raw data can be subjected to various image 
processing techniques such as smoothing, filtering, thresholding, etc., in order to 
enhance the images that will be viewed by the operator. 

The raw data are stored on disc. If the data are read from the disc and trans-
ferred to the display processor for each image the access time for the disc will limit 
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the rate at which data can be played back. If, additionally, the operator wishes to 
process the data in some manner (filtering, perhaps) this slows the process even 
further. Thus, in order to accomplish playback rates from disc that are acceptable 
it is necessary to preprocess the data and store them as processed data on the disc. 
During playback each image can then be read from the disc in a form that can be 
passed directly to the display without any time delay for intermediate processing. 

An alternative method which is available in more recent systems is the ability 
to store the whole processed study in the display memory which is then 'windowed' 
by the video display one frame at a time. This has become possible due to the 
increased memory contained in newer display processors. 'Windowing' is a tech-
nique whereby the video image is selected from different portions of the display 
memory, one image at a time. This is obviously very much faster than reading the 
data from the disc since it avoids the delays introduced by the electromechanical 
action of the disc drive. 

In both instances — replay from disc or from display memory — the operator 
may control the rate of playback via a joystick, mouse or trackball and, in the case 
of playback from display memory, it is usually possible to modify the image contrast 
or background level at the same time. 

Playbacks provide qualitative information only. This can, nevertheless, be 
extremely useful. The wall motion of the left and right ventricles in a gated cardiac 
study can only be properly assessed by such visualization. It is much more difficult 
to assess wall motion in a quantitative manner. In contrast to this, a cine playback 
cannot provide quantitative parameters such as the ejection fraction of those same 
ventricles. To perform such analysis it is necessary to select specific regions of 
interest from which time activity curves may be derived. 

4.3.2. Regions of interest 

Under most Circumstances it is desirable for the regions or areas of interest 
(ROI) to be selected by the user. This may be done by reviewing selected images 
of the study and drawing the desired ROI using a joystick, mouse or trackball. Some 
software packages also provide edge detection facilities that may either act indepen-
dently of the operator or may merely assist the operator in making his selection. 

From these ROI, the analysis software can be called upon to integrate the 
counts in those ROI in each frame of the study, resulting in a graph that describes 
the variation of counts with time — the so-called time/activity curve (TAC). Since 
the curve is derived from the original raw data it may be necessary to carry out some 
further curve analysis in order to compensate for the effects of background activity. 
Analysis software therefore includes facilities that allow arithmetic operations 
involving addition, subtraction, multiplication and division of curves, for example. 
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5. QUALITY ASSURANCE 

The term quality assurance or quality control as it has been applied to nuclear 
medicine computers should be restricted to the performance of the hardware. The 
same term has also been extended to include the software, but this is really a poor 
application of the terminology. As it applies to hardware, quality assurance is the 
verification of the fact that the hardware is performing according to specification — 
i.e. that it is not 'broken' [24]. In contrast to this, software rarely 'breaks' and 
quality assurance therefore assumes the role of a validation process. 

It is an unfortunate aspect of nuclear medicine computer systems that documen-
tation is often sparse and, when it does exist, is poor. Rarely is there any information 
regarding the limits within which the algorithm can be expected to function properly. 
Thus, software quality assurance, or validation, assumes the role of determining the 
limits within which the software can be expected to perform 'properly' where, in this 
case, 'proper' operation is defined as providing the results that might be expected. 
Unfortunately, in the absence of complete and well developed specifications for the 
software, this expectation of 'proper' operation remains a judgement situation. 

One example of this kind of problem is in Fourier phase analysis of a cardiac 
study. The purpose of such software is to demonstrate the variations in phase during 
the contraction of the left ventricle. An aneurism will be out of phase with respect 
to the ventricle and, further, may be outside the region defined by the left ventricle 
at end-diastole. Several software packages for phase analysis produce phase images 
for only those pixels that are within the end-diastole ROI. These software packages 
may work perfectly given the constraint that the region of the left ventricle is the only 
region of interest. If an aneurism exists which is not within that region, it will not 
be visualized and it may be presumed that the software is faulty. In this case it is 
not the software that is necessarily at fault; rather, the specification is lacking 
because the design did not include the condition imposed by an aneurism and this 
condition has not been stipulated in the documentation for the software. 

6. CONCLUSION 

Although it is certainly possible to determine the temporal distribution of a 
radionuclide by using a single (or multiple) probe(s) and a ratemeter/pen chart 
recorder there are several disadvantages associated with this approach. A more 
sophisticated and accurate approach is to use a scintillation camera/computer combi-
nation which additionally provides images. The advantages of such an approach 
include the fact that well-defined ROI can be established over selected organs or 
regions of an organ, thereby improving the accuracy of the technique. Additionally, 
the scintillation camera can be used for other imaging studies, which makes it a more 
versatile instrument. The disadvantages include the increased cost and sophistication 
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of operation. In addition, it must also be recognized that the results are still not 
perfect because any defined ROI is bound to include tissue both in front of and behind 
the organ of interest. Further, if the ROI is too small the number of counts per time 
interval may be insufficient to provide statistically valid data. 

Because the level of sophistication is considerably greater than that involved 
in single probe/ratemeter studies, there tends to be greater reliance placed upon the 
computer system to provide the correct result. Such reliance may be misplaced. The 
user should review studies with considerable circumspection in case the patient's 
condition is one that is beyond the design limits of the analysis software or is one 
that cannot support the diagnostic result indicated by the computer analysis. 
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Abstract 

AN INSTRUMENT FOR LONG TERM ON-LINE STUDIES OF L E F T VENTRICULAR 
FUNCTION BASED UPON A PERSONAL COMPUTER AND A MINIATURE 
DETECTOR. 

Left ventricular ejection fraction (LVEF) is a noninvasive index of left ventricular func-
tion and a useful guide to prognosis after myocardial infarction. This paper describes an instru-
ment for recording LVEF which uses a miniature detector, small enough to be fastened to a 
subject's chest, and a personal computer, programmed to guide the operator 's hand in placing 
the detector over the left ventricle and analyse the time course of the recorded activity. Elec-
tronic circuits for two detectors and a bipolar lead ECG, for triggering gated studies, are built 
into the computer as add-on cards. Long term studies of left ventricular function, including 
exercise and acute interventions, are possible as well as beat-to-beat studies. The apparatus 
fits on a small trolley and can easily be used at the bedside. The cost of this equipment is a 
small fraction of that of a gamma camera and dedicated computer. 

1. INTRODUCTION 

In conventional radionuclide ventriculography a gamma camera linked to a 
computer, synchronised to the R-wave of the ECG, is used to record changes in the 
distribution of radioactively labelled red blood cells. Each measurement takes 
several minutes because a set of dynamic images, each corresponding to a particular 
part of the cardiac cycle, is built up by superimposing a large number of cardiac 
cycles. 
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There are many situations where long term studies of left ventricular function 
are of clinical value; these include investigation of unstable angina and acute inter-
ventions. However, prolonged use of an expensive gamma camera and computer 
cannot be justified on the grounds, of cost and patient throughput, especially in the 
developing countries. 

The nuclear stethoscope [1] was developed as a relatively cheap instrument that 
can be used for long term studies, if necessary at the patient's bedside. This instru-
ment has a sodium iodide scintillation crystal and photomultiplier supported at the 
end of an arm which can be positioned over the left ventricle or a suitable background 
area with the help of a guidance program. A microprocessor in the body of the instru-
ment can display beat-to-beat records of left ventricular (LV) volume derived from 
the activity due to 99Tcm labelled red blood cells, perform gated studies of LV func-
tion and calculate parameters such as left ventricular ejection fraction (LVEF), 
filling rate, etc. The imaging capacity of the gamma camera is lost but the nuclear 
stethoscope has the advantage of very high temporal resolution. 

In order to maintain à constant relationship between the large and heavy detec-
tor of the nuclear stethoscope and the subject's heart, movement must be strictly 
limited. Prolonged recordings and some intervention studies are therefore precluded. 

Hoffer et al. [2] used a cadmium telluride detector, small enough to attach to 
a subject's chest, in place of a large sodium iodide detector. The sensitivity of this 
miniature detector was not sufficient for beat-to-beat studies but adequate gated 
studies were possible. In pur laboratory we were able to produce beat-to-beat studies 
using a mercuric iodide detector, which has greater stopping power for 140 keV 
gamma rays [3]. Mercuric iodide detectors are expensive, fragile, and require a high 
voltage supply, typically 1000 volts, if high energy resolution is to be achieved. 
Current from this high voltage supply was limited to a few microamperes so the 
hazard to the subject was minimal. 

2. THEORY AND DESIGN OF THE DETECTOR 

A robust and potentially cheap detector has been developed using a solid state 
photodiode optically coupled to a scintillation crystal. Sodium iodide was not ideal 
for this application because the wavelength of its light is not matched to the sensi-
tivity spectrum of the solid state diode. Caesium iodide has a lower light output for 
the same gamma energy but it has a wavelength nearer to the maximum sensitivity 
of the solid state diode (Fig.l) and was therefore preferred. 

The output of the photodiode is taken to a high gain low noise preamplifier 
mounted close to it. This amplifier requires only 12 volt positive and negative 
supplies so the bulky high voltage cable of the mercuric iodide detector is eliminated. 
The preamplifier is mounted close to the diode and carefully screened against the 
high level of electrical noise found in most hospitals. 
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FIG. 1. Comparison of scintillator spectra and sensitivity spectra for Nal(Tl), CsI(Tl), a 
photomultiplier and a photodiode. 

MBq 

FIG. 2. Count rate response for increasing activity in a 50 mL source in front of the miniature 
detector. 
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FIG. 3. Miniature detector energy spectrum for "Tcm. 
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FIG. 4. A beat-to-beat tracing over six seconds. Systolic but not diastolic function is meas-
urable in this mode. 
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В Dec 1987 Overnight recording 
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: FIG. •5. Trend display showing LVEF and other data over five hours during sleep. 

3. DETECTOR PERFORMANCE 

To produce good beat-to-beat recordings high count rates must be obtained 
from the subject, and activities as high as 800 MBq are allowed for studies using 
" T c m labelled red blood cells. The response of a typical detector to high activities 
was determined using a vessel containing 50 mL of water, placed in front of the 
detector. Adding small drops (0.5 mL) of a solution of 99Tcm that each had án 
activity of 2 MBq gave thé count rate against activity curve shown in Fig. 2. A count 
rate loss of 10% occurred at 40 000 counts per second. The detector has a sensitivity 
about half that of the nucléar stethoscope so this count rate loss is acceptable. 
Energy spectra for 99Tcm (140 keV) and F-18 (positron annihilation 510 keV) are 
shown in Fig. 3. 

THE COMPLETE INSTRUMENT. 

Amplification, pulse height analysis and scaling circuits are mounted on a 
board within the computer. The ECG circuits for synchronizing the gated studies are 
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also built into the computer so the entire system consists of a personal computer, two 
detectors and three ECG leads. Programs that guide the operator in finding the 
optimum position for the detector over the LV and for finding a suitable background 
can be selected from a menu. 

The operator can then acquire data in beat-to-beat mode (Fig. 4) or as a gated 
study. Analysis programs give values for 12 cardiac parameters including LVEF, 
peak filling rate, relative stroke volume and relative cardiac output, as well as 
displaying trends in LVEF, heart rate, etc., over several hours. Typical trends in 
several parameters, over five hours, are shown in Fig. 5 as they appear on the screen 
of the computer. 

5. INSTRUMENT PERFORMANCE 

The accuracy of the positioning software has been checked by using a gamma 
camera to image the detector after it has been placed over the LV or background. 
When measurements of LVEF were compared with those obtained using a gamma 
camera and dedicated computer, the mean difference between the two techniques was 
5.7% (SD 10%) over a range of LVEF from 20% to 78%. 

Patients have been studied over periods up to 18 hours following a single 740 
MBq injection of "Tcm. labelled RBCs. In some cases the red blood cells remain 
labelled with 99Tcm so that the count rate decays with the physical half-life of the 
radionuclide but in other patients there is a more rapid loss of count rate, possibly 
due to the effect of some drugs used in the treatment of cardiovascular disease [4]. 

6.. CONCLUSIONS 

, The prototype has been in use at Nprthwick Park for several months and has 
proved most useful in long term studies, particularly at the patient's bedside.. There 
is sufficient space inside a personal computer for two detector boards each serving 
two miniature detectors. With a system comprising a computer and up to four detec-
tors there are many possible applications for this apparatus. The robust nature of the 
detector makes it particularly suitable for use under adverse conditions such as those 
encountered in mobile systems for use in emergency. Possible uses in ambulatory 
monitoring of cardiac or other functions are under investigation. 
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DISCUSSION 

Asked about , the subtraction of background in studies with the instrument 
presented, Mr. Crawley indicated that a second detector was provided to record 
background from a suitable ROI. This background could then be subtracted auto-
matically. Alternatively, a stored background could be subtracted or, as described 
by Mr. Ohtake in Paper IAEA-SM-304/30, a fixed percentage of the end-diastolic 
count rate could be taken for the purpose. 

The Chairman commented that the instrument might be expected, by virtue of 
its use of solid state detectors and its low operating voltage, to have better reliability 
than instruments based on photomultiplier tubes, especially under tropical condi-
tions. Mr. Crawley stated that it had yet to be tested under such conditions, but that 
its robust character was apparent. 
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Abstract 

SOFTWARE DESIGN FOR A COMPUTER CONTROLLED PORTABLE 
SCINTILLATION DETECTOR SYSTEM. 

The size of scintillation detectors has limited their application to ambulatory and 
bedside monitoring. Recent developments in transducer technology have enabled the 
photomultiplier tube to be replaced by a photosensitive diode. This has provided two advan-
tages: miniaturization and low voltage operation. A system operating up to four miniature 
detectors has been developed and integrated with a personal computer. The design and 
implementation of the software is described. It was written in compiled Basic and is menu 
driven. There are three basic modules in the system for acquisition, analysis and utility opera-
tions. The routines available provide the flexibility to cope with many potential applications. 

1. INTRODUCTION 

Radionuclide counting outside the physics or nuclear medicine laboratory has 
always presented problems. The development of ambulatory or bedside monitoring, 
for example, has been hampered by the size and inflexibility of available equipment. 
Efforts to overcome these problems led to the development of miniature solid state 
detectors utilizing cadmium telluride. A significant disadvantage of these detectors 
was their low sensitivity compared with other scintillation materials. More recently 
a new type of miniature detector has been developed which uses a more sensitive 
scintillator, caesium iodide [1]. 

The radical change in design which has enabled the miniaturization of scintilla-
tion detectors is the replacement of the high voltage photomultiplier tube with a solid 
state photosensitive diode. In common with other solid state devices these operate 
from a low voltage power supply, greatly simplifying constructional requirements. 
Further developments using these detectors have now led to the production of a 
system in which power and signal processing electronics are provided on two printed 
circuit boards. These can be fitted into the expansion slots of a personal computer, 
integrating sensing and computing functions. 
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The original impetus for the development of this system was cardiac ambula-
tory monitoring. Clearly there are other applications, for example in renography, 
and the purpose of the work described in this paper was to design and implement 
software to gather and process data from a system of up to four miniature scintillation 
detectors. 

2. SOFTWARE DESIGN 

2.1. Design concepts 

The system was designed to operate with an IBM XT or AT personal computer 
or compatible clone, with a hard disc and either colour or monochrome graphics 
display. 

Consideration was given to the basic requirements of a software system for 
scintillation detectors. It was felt that the system should comprise three basic 
modules: data acquisition, data analysis and utility operations. Within this basic 
framework there would be further subdivisions, particularly within the analysis 
module. The clearest way of presenting this type of structure was judged to be 
through the use of menus. 

Those items required for inclusion in the acquisition and utilities menus were 
largely self-evident. It was more difficult to decide what analytical operations were 
required because no detailed specifications were available for potential applications 
of the system. For this reason it was considered necessary to adopt a general 
approach and include a number of basic analytical operations from which more 
complex analyses could be constructed. 

Software written for a system in the early stages of development inevitably 
requires modification and additions. To facilitate future development the software 
was written in modular form as a number of separate subroutines, each designed to 
perform a single operation. Consideration was also given to the need for users to add 
software for their own applications. To make this possible within the overall system 
structure a menu editor was included. 

A system which is to be used by anyone other than the author must include a 
consideration of user acceptability or 'friendliness'. This is an extremely difficult 
objective to achieve because it is partially dependent on personal preference. There 
are a number of factors which can improve acceptability. Two of the most important 
features can be considered to be clarity and speed, and these are contradictory to 
some extent. It is important to present information to the user in a manner which can 
be easily assimilated. However, the system must aid rather than impede the user and 
so the number of interactions required to perform a specific operation must be kept 
to a minimum. These factors played a significant role in system design. 
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FIG. 1. Software menu structure. 

2.2. Programming language 

Software for the entire system was written in Basic. This was chosen because 
the development was intended to be a collaborative effort from a number of program-
mers for whom Basic was the common language. 

The major problem with Basic is that it is slow, because it was developed as 
an interpreted language. Compilers for Basic are now available, however, which 
improve speed considerably (by a factor of 10 or more). QuickBasic version 4.0, 
developed by the Microsoft Corporation, was chosen as the programming environ-
ment as it has good editing and debugging facilities in addition to an effective 
compiler. Libraries are also easy to create, facilitating the production of a modular 
code. Different graphics modes are supported, in particular the Hercules 
monochrome graphics card. 

3. SOFTWARE IMPLEMENTATION 

Once the design concepts had been finalized, implementation commenced by 
developing the menu structure, schematically illustrated in Fig. 1, and routines for 
selecting options. The software for each system module is described in the following 
sections. 

3.1. Acquisition 

The most important requirement for the acquisition software was the ability to 
accumulate data from four detectors simultaneously every 10 ms. This was the 
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fastest acquisiton rate possible with the hardware. In this time it was necessary to 
read and reset count registers and store data without introducing a significant dead 
time. This has been achieved using an AT-compatible computer operating at a clock 
speed of 12 MHz. Using the more common, and cheaper, XT-compatible personal 
computer prevents acquisition times of 10 ms with the compiled Basic software. The 
realistic limit for acquisition with XT hardware is 50 ms; however this is considered 
to be a reasonable limit for non-cardiac applications. 

Problems with processing speed also frustrated initial plans to include a real-
time graphical display during acquisition. Currently a numerical display of counts 
is provided for each count period but work is in progress to write the capture routines 
in Assembler code to permit graphical display and achieve a counting period of 
10 ms with XT hardware. 

It was anticipated that in clinical application the same acquisition parameters 
would be repeated many times. Thus it was decided to place acquisition under 
protocol control. The parameters required for protocol definition are: 

(1) Number of detectors in use 
(2) Designation of detectors (i.e. blood, left kidney) 
(3) Number of phases of acquisition 
(4) Count period for each phase 
(5) Number of samples in each phase. 

Acquisition is initiated by pressing any key on the keyboard. The maximum 
number of samples which may be acquired is 64K. An interrupt facility has been 
incorporated into the software to allow the acquisition to be restarted or terminated 
early. This requires two keys to be pressed simultaneously to reduce the possibility 
of inadvertent interruptions. 

3.2. Utilities and data management 

The data structure wàs written to conform to the usual convention of a hierar-
chy of patient/study/curve. There is an index in the system which enables up to 50 
patients to be current at any one time. Each patient index may contain up to 50 
studies and each study may contain up to 100 curves, provided that the maximum 
memory requirement does not exceed what is available on the hard disk. 

If a new patient index is added to the system a unique reference number must 
also be provided. Studies can only be created by acquiring new data. Curves are also 
created during data acquisition but may also be created in the analysis module. A 
curve created during analysis is automatically. appended with a code which is 
intended to denote the operation performed on the original curve. For example, if 
a raw curve called 'blood' is fitted with an exponential function the new curve is 
automatically called 'blood exp', although the user is given the opportunity to choose 
an alternative name. 
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The main purpose of the utilities module is to provide the necessary housekeep-
ing functions for the data contained within the system. Thus the user can select or 
change patient and study files or delete study and curve files. One of the most impor-
tant routines in the utilities module is the data archiving facility. Data that is no 
longer needed to be resident on the system is stored on floppy disk on the basis of 
one patient per disk. To prevent accidental loss of patient data the only method of 
removing patient indexes is by archiving the data. 

In addition to utility operations concerned with patient data management there 
are several system utility options. The most important of these is the menu editing 
facility, which allows user written options to be included on the menu system. There 
is no need for user supplied routines to be software compatible. The only require-
ment is that the routine should be in the form of an executable or batch file. 

3.3. Analysis 

The analysis module is the central component of the system and accounted for 
most of the time spent in design and implementation. Data acquired by the system 
is in the form of multiple time/activity curves and so the requirement for the analysis 
software was to display, manipulate and quantify curve data. 

3.3.1. Curve display 

The minimum demands for curve display were considered to be graphical and 
numerical representations for both screen and hardcopy outputs. In addition it was 
felt that since data could be acquired from a maximum of four detectors simultane-
ously it was reasonable to restrict the display, in whatever format, to four curves. 

Routines were written to permit graphical representation in either curvilinear 
or histogram format on a set of axes which were annotated with only the minimum 
and maximum values. At a later stage in the system development, tick marks were 
added to permit a degree of qualitative interpolation. Individual curves are delineated 
by displaying them in different colours and also different line structures, i.e. continu-
ous and broken. The curve names are also displayed together with the patient and 
study names. 

The need to provide hardcopy output was beyond doubt but some consideration 
was given to the quality of output required and whether a plotter should be included 
in the system. It was felt that because the system was developed for use with either 
an EGA or Hercules graphics card, output of acceptable quality could be achieved 
by performing a direct screen dump to a printer in high density, bit-image mode. The 
result of a screen dump to a basic dot matrix printer (Epson RX-80) is shown in 
Fig. 2. 

Numerical output of data was achieved by simply listing the data on the speci-
fied output device, either screen or printer. 
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FIG. 2. Example of graphical output to dot matrix printer. 

3.3.2. Curve manipulation 

In the majority of applications for this system it was considered that only basic 
mathematical operations would be required for data manipulation. Therefore the 
emphasis in designing the module was on simplicity and ease of use. A total of ten 
different operations were provided in a separate curve manipulation submenu. These 
operations were: 

Addition 
Subtraction 
Multiplication 
Division 

Differentiation 
Integration 
Arithmetic mean 
Geometric mean 

Smoothing 
Correction 

All these operations produced new curves which were automatically labelled 
by the system, as described in Section 3.2, and displayed on the screen. 

The basic arithmetic operators ( + » - , x and -r) were designed to work on 
either two curves or a single curve and a constant. The latter was felt to be necessary 
to facilitate such procedures as normalization. 

Differentiation and integration are obviously standard requirements for any 
curve analysis system. The rudimentary technique of successive points difference 
was used for differentiation. An option for normalizing the curve to unity was 
included in the integration routine. 

Curve smoothing was implemented on the system using the standard moving 
point average technique. Options to average over 3 , 5 , 7 and 9 points were included 
as was the option to use a weighted average. The coefficients used to provide 
weighted average smoothing were taken from a standard textbook [2]. 
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In clinical use it is probable that the miniature detectors will be directly 
attached to the patient. Whether the application is ambulatory or bedside monitoring, 
patient movement is likely to be a significant problem. To overcome some of the 
difficulties in data analysis caused by movement artefacts a routine has been written 
to allow correction of data. The routine provides three methods for correcting data: 
addition or subtraction of a constant between two points, repositioning of a specific 
point, and linear interpolation between two points. In each case the original and 
corrected curves are displayed following each manœuvre. Obviously the extent of 
correction is at the discretion of the user; however, the original data is not destroyed 
when this routine is used. 

3.3.3. Curve fitting 

The other main requirement of a curve analysis system is the ability to quantify 
or apply models to the data through the use of curve fitting. 

Algorithms have been written to fit curves to four different functions. The 
three basic functions are linear, exponential and logarithmic, and are fitted using a 
linear least squares technique. The more complex gamma variate function has also 
been included because it is frequently used in radioisotope studies to represent the 
first pass of tracer through an organ. Fitting a gamma variate function, requires a 
multiple linear regression technique [2, 3]. 

The routine which controls this module allows the user to fit the function to 
the entire curve or a specific section. However, the fitted curve is generated for all 
the abscissae values, enabling the user to perform curve stripping. 

4. SUMMARY AND FURTHER WORK 

This software has been developed to provide users of miniature scintillation 
detectors with a simple but effective control and analysis capability. The approach 
adopted was to include routines fundamental to time/activity curve analysis. This 
enables users to develop their own specific applications. 

In the immediate future the focus, of development will be on the area that often 
frustrates users, which is the preparation of comprehensive and intelligible documen-
tation. Future developments will depend on the range of system applications and will 
be predominantly user inspired. One application that is already anticipated is portable 
renography, and routines to permit relative renal function estimation and deconvolu-
tion are being implemented on the system. 

Limited field trials with the system have produced an encouraging response, 
and a commercial version of the software is now available. The ultimate success of 
the development will be judged from its commercial viability. 



4 3 2 LEWIS and GW ALTER 

ACKNOWLEDGEMENTS 

The authors are indebted to John Caunt of John Caunt Scientific Limited for 
providing a complete system to make possible the development of this software. We 
are also grateful to Peter Cashman and Alec Stansfield for helpful discussions during 
the course of this work. 

REFERENCES 

[1] CASHMAN, P .M.M. , CAUNT, J . , LAHIRI, A. , CRAWLEY, J .C .W. , RAFTERY, 
E.B. , these Proceedings, Paper SM-304/21. 

[2] INGRAM, D. , BLOCH, R.F . (Eds), Mathematical Methods in Medicine: Part 1 — 
Statistical and Analytical Techniques, John Wiley, Chichester (1984) 369-383. 

[3] ARMITAGE, P. , Statistical Methods in Medical Research, Blackwell Scientific, 
Oxford (1973) 302-312. 

DISCUSSION 

Asked whether the described software incorporated a 'macro' facility for auto-
matic curve analysis if several analytical steps were required, Mr. Lewis stated that 
this had been the original intention, but had proved difficult to realize in the time 
available. He hoped that such a facility would be included in a later version of the 
software. 
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Abstract 

AN ECONOMICAL DIGITAL SYSTEM FOR IMAGE DISPLAY AND ANALYSIS. 
High purchase and maintenance costs of commercial digital systems dedicated to 

nuclear medicine have been one of the major obstacles to the progress of dynamic clinical 
studies with radionuclides in developing countries. The paper describes the evolution of a low 
budget project designed and started in 1979 for the solution of this problem. The final outcome 
was the use of a IBM personal computer (IBM PC) or compatible, coupled to an acquisition 
subsystem and an image display module designed and built in domestic laboratories. Software 
was implemented in Turbo-Pascal and Assembly languages. System operation is via multiple 
choice questions or menus, and is based on general routines or single action commands which 
can be organized into logical sequences or programs. All general routines are readily available 
and can be called at any moment by the user. They include programs for data acquisition, 
display and analysis. Processing is performed ón a copy of the displayed image stored in 
memory, leaving the raw image data unaltered. Software allows image corrections (non-
uniformity, background subtraction, noise reduction and selective enhancement) and manipu-
lation, parametrical extraction, and mathematical operations with data (images or curves). 
Logical sequences have been developed for acquisition, display and processing of the main 
cardiological procedures, including amplitude and phase analysis. This project allowed the 
development with a very low budget of sophisticated nuclear cardiology studies; it allowed 
the creation of a unit totally independent of commercial firms and assured the future evolution 
and progress of nuclear medicine at the National Institute of Cardiology, Mexico, all based 
on the creation of technology according to Mexican needs. 

1. INTRODUCTION 

The high purchase and servicing costs of commercial digital systems dedicated 
to nuclear medicine imaging has been one of the major barriers to the progress of 
dynamic clinical studies with radionuclides in developing countries. The severity of 
this problem has lately been exacerbated by the present international financial crisis. 

Present addresses: 
American British Cowdray Hospital, Nuclear Medicine Dept. , Sur 136Esq. Obser-
vatorio, 01120 México, D .F . , México. 
Facultad de Ciencias, Universidad Nacional Autónoma de México, Ciudad Univer-
sitaria, México, D .F . , México. 
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The impossibility of purchasing such a system led the National Institute of 
Cardiology of Mexico to create in 1979 a small group to solve this problem on a part-
time basis. The team was integrated by the nuclear physician in charge of the Nuclear 
Medicine Unit, and included one electronic engineer, two biomedical engineers, and 
two experts on computers from the Electronics and Informatic Units. 

This paper describes the evolution of this project, since it might be of some 
value to other institutions involved in similar work. 

2. EVOLUTION OF THE PROJECT 

Our project slowly evolved through five distinct periods. 

2.1. First period (1979) 

The engineers had never been in contact before with nuclear medicine, and the 
nuclear physician had no experience with computers. The major part of this period 
was dedicated to the creation of a common language, in order to get a useful 
exchange of information between the experts in different fields. Once the needs of 
nuclear medicine were well established, the group started the development of basic 
programs for image acquisition, display and processing. 

2.2. Second period (1980) 

This was the first experimental period and served to test our software capabili-
ties by using Fortran and Assembly language. Advantage was taken of the nine track 
magnetic tape recorder included in our gamma system (Ohio Nuclear, 120) to collect 
data acquired during some cardiological studies at the Nuclear Medicine Unit. The 
tape was then carried to the Informatic Unit, where stored data were transferred to 
a magnetic disk and processed in a PDP 11/34 digital system then in use on a time-
sharing basis by several departments of the Institute. Processed images were printed 
out on paper. Each of the 12 characters used represented a different level of radio-
activity. The images, 40 X 40 cm in size, had very low contrast and very poor spatial 
resolution due to the visual similarity and big size of the printed characters. To gain 
in contrast it was necessary to paint each character manually on the image with a 
different colour following the distribution of the light spectrum. This procedure was 
slow and cumbersome. Multiple image dynamic studies, such as first-pass radio-
angiocardiography, required a very large area for display and visual analysis. 
However, this period was critical for the design and testing of our software and for 
the definition of our hardware needs. 
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2.3. Third period (1980) 

A conventional colour television set (Sony, Trinitron) was directly interfaced 
to the PDP 11/34 digital system. For the first time, we were able instantly to display 
and analyse processed images with an adequate chromatic code for each case and a 
satisfactory spatial resolution. Software implemented during the previous period was 
applied to increase contrast, decrease background noise, display multi-image studies, 
and present them in a cinematic mode. 

2.4. Fourth period (1980-1981) 

At this stage, it was clear that we needed a low cost digital system for on-site 
image display and analysis at the Nuclear Medicine Unit and to be independent of 
the PDP 11/36 digital system shared with other departments. Our first prototype was 
developed during 1981, and included the following features. 

2.4.1. Central processing unit 

This was based on a microcomputer ( H l l , Zenith Data Systems) with a 16 bit 
processor (LSI 11) and 64 kB central memory, which was supplemented with two 
floppy disk units with total capacity of 512 kB, one for data to be processed, and 
the other for software. The nine-track magnetic tape recorder of the gamma camera 
was included as secondary memory and for data transfer to the PDP. 11/34 system, 
allowing the use of the previously developed software [1]. 

2.4.2. Image storage and display unit 

This was designed and built at our institution. It contains a memory which is 
fed by the central processing unit whenever a new image is sent to be displayed on 
a colour TV screen. Each memory location corresponds to a single image point on 
the display screen, which allows images integrated by 192 horizontal lines with 
256 pixels each, and can display 512 distinct hues or 64 levels of grey. This unit 
includes a joystick to indicate multiple regions of interest on the image and can be 
connected to any computer system through two interfaces of 16 lines each and a 
transfer speed of 100 kB/s [1]. 

2.4.3. Analogue to digital converters (ADC) 

We took advantage of the ADCs of the gamma camera by connecting the 
microcomputer to the circuit between the gamma camera and the tape recorder. This 
circuit also receives information from the ECG system specially designed to detect 
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QRS complexes needed for acquisition during gated equilibrium radioangiocardio-
graphy [1, 2]. 

2.5. Fifth period (1986-1988) 

Results attained with the first prototype encouraged the design of a faster 
system with a bigger memory. The wide range of software and circuitry available 
for the IBM personal computer and compatibles guided us towards this choice. 

2.5.1. Central processing unit 

Since 1986 we have been using a system based on the IBM PC, which includes 
a 512 kB RAM memory, a 360 kB floppy disc, and a 10 MB hard disk. The speed 
of its internal clock (4.77 MHz) allows capture and accumulation up to 
20 000 events/s. Advantage is taken of its numerical co-processor (8087-3) for 
procedures needing calculations in real numbers, such as in image rotation or 
coupling. 

2.5.2. Acquisition subsystem 

This is included on a printed circuit compatible with the IBM PC bus. It has 
two ADCs (0820) with two 'flash' periods of 4 bits, a resolution of 8 bits, and a 
conversion time of less than 1 s. Each radioactive event sets a flag at the output 
register of this subsystem. The acquisition program constantly samples this flag and 
starts data acquisition whenever it finds it set. Data are added to the corresponding 
co-ordinates on the matrix or to the values on the list, according to the acquisition 
mode. The subsystem has three other flags available for external events, such as QRS 
electrocardiographic complexes, external clocks, etc. 

2.5.3. Image display module 

This was developed in collaboration with the Instruments Centre of the 
National University of Mexico, and was intended as a general purpose module for 
medical imaging display: radiological, ultrasonographic and nuclear. It includes four 
display memory banks able to store four images of 256 x 256 pixels, 8 bit deep, 
or a single image of 512 x 512 pixels with the same depth. Access to each location 
on the display memory is achieved simply via the address bank and location. The 
full memory can be addressed in read/write mode to be used as a temporary data 
memory or to store other parameters of the system. Indication of multiple regions 
of interest can be achieved with a cursor, which can be superimposed on the 
displayed images by using the keyboard of the IBM PC, or through a 'mouse'. 
Images are displayed on a conventional colour or black/white television screen, and 
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can be documented on paper using a fast dot matrix printer, together with patient's 
identification, clinical data, tables and graphs. 

2.5.4. Software 

A Pascal dialect (Turbo-Pascal) is used for those routines needing interaction 
with the user, which display results on the screen, or include complex calculations. 
This dialect is easily and rapidly translated into the machine's language (linker), so 
this language can be used in parts of some programs and advantage can be taken of 
readily available software application packages, such as for database trees, graphic 
displays, etc. [3]. Assembly language communicates with the machine at a single 
instruction level and is used for reiterative routines, such as in smoothing images or 
curves, or whenever speed is a limitant, as in communicating with the image display 
module. 

2.5.5. System operation 

This is via multiple choice questions or menus. Each option on a menu may 
lead to another menu at a lower level or to a particular process. A program for a 
specific study can be automatically followed by answering a logical sequence of 
menus, by typing the corresponding number of each option or by selecting the option 
on the screen with a cursor controlled either from the keyboard or by a mouse. 

Images acquired during a particular study are sequentially stored on a file, 
which is headed by identification data of the patient and study and includes informa-
tion regarding the number, type, and location of the images, and date and time at 
the moment of acquisition. 

Software is mainly based on general routines or single-action commands, able 
to process each image as a single element. These commands perform a single func-
tion, show the result, and await the next command. The system allows the user to 
organize sequences of single-action commands into a file or stored program, and to 
invoke the sequence by typing only one command. This passes control to the 
sequence, and its contents are automatically executed. A predefined sequence is 
temporarily suspended whenever it reaches a command requiring the action of the 
operator. It queries the user for a response, acts upon the response, and then resumes 
execution from that point. 

2.5.5.1. General routines 

All general routines are readily available and can be called at any moment by 
the operator to modify the images displayed on screen. They include general routines 
for data acquisition (matrix, list or gated modes) and display (images, histograms, 
graphs, tables, text). Once the image is in memory, it can be modified by specific 
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programs. The architecture of the system allows all processing to be independent of 
the image display module, since each process is performed on a copy of the displayed 
image stored in memory, leaving unaltered the data of the raw image. The general 
routines were designed to execute the following processes: 

Image corrections, such as non-uniformity correction through the application 
of a flood correction matrix [4] ; background subtraction, either by spatially invariant 
subtraction, interpolative background subtraction [5], or by a plane adjusted by 
multiple linear regression [6]; noise reduction, by using the nine-point binomial 
spread function to smooth images [7] or the five-point smoothing operation for 
time/activity curves, and finally, selective enhancement, by interpolation, upper-
lower thresholding, contour mapping, data bounding, and Fourier transform 
filtering [8] . 

Image manipulation. Each image in memory can be individually manipulated 
to rotate it and move it to be coupled to another image in order to construct para-
metric images [9, 10]. 

Parametrical extraction. Quantitative data can be saved from static images by 
selecting several regions of interest or by generating radioactivity profiles along 
horizontal or vertical lines emerging from a predefined centre. Retrieval of quantita-
tive information from a sequence of images can be achieved by selecting regions of 
interest and constructing the corresponding time/activity curves. Analysis of these 
includes gamma variate fitting. 

Mathematical operations with images or curves. Both can be added, 
subtracted, multiplied or divided by another image, curve or constant, in a point-by-
point fashion. Fourier analysis is easily applied to generate the parametric images 
of amplitude and phase. 

With these general routines we have created several predefined sequences for 
processing the different cardiological studies, which were stored on individual floppy 
disks to be used whenever needed. New sequences can be created at any time, and 
existing routines can be updated or deleted as desired. 

3. DISCUSSION 

The progress of this project was very slow, due to our financial limitations, 
but its original purpose was finally achieved with a rather small budget. Following 
its former inability to perform quantitative studies with radionuclides, our Nuclear 
Medicine Unit evolved and transformed itself into a Nuclear Cardiology Unit. More 
important than this is the fact that this advance was accomplished by the creation of 
a technological asset which is fundamental to real progress and technological auto-
nomy. Our institution has certainly gained independence from commercial firms, 
since all factors involved with our digital system are the responsibility of members 
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of the staff, in terms of operation, programming, quality control and maintenance, 
future upgrading and evolution according to our needs. 

However, it is important to note that the success of a project of this kind 
depends on the strict adherence to certain predefined criteria: 

— The system should be able to execute the basic functions for image processing. 
— It should be inexpensive when compared to commercial systems. 
— It should be able to incorporate new criteria and procedures as soon as they 

appear in the field of nuclear medicine. 
— Most of its components should be of native origin or readily available on the 

internal market of the country. 
— Construction of some elements should be avoided if they are available at a 

reasonable cost on the internal market. 
— The resulting system should be generic and versatile enough to be connected 

to any gamma camera without the need for modification. 
— The full project should be developed by personnel of the institution in order 

to assure autonomy for prophylactic and corrective maintenance of the system 
and for its future progress and evolution with new elements, software and 
procedures. 

The IBM PC is up to now the ideal choice because it is widely distributed and 
used. In case of a breakdown on one or several of its components it could be easily 
replaced by another IBM PC or compatible. 
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DISCUSSION 

Asked what media were used for data archiving in the final version of the 
system presented, Mr. Cuarón stated that 360 kB floppy disks were used, one for 
each patient study. Replying to a comment that these were insufficient to record 
renograms, or cardiac studies in list mode, he stressed that the system had been used 
only for cardiac studies in frame mode. 
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ABSTRACT 

DESIGN CONCEPTS FOR A LOW COST NUCLEAR MEDICINE COMPUTER. 
Having data processing capabilities linked to a scintillation camera is becoming essen-

tial in order to provide a full range of standard clinical examinations such as kidney function 
studies, cardiac studies and stomach emptying studies. Improved scintillation camera quality 
control is also possible. In addition, the computer allows recall and reprocessing of clinical 
data, ease of data storage and manipulation of patient information. The cost of current 
commercial systems is between US $60 000 and $100 000, an amount many laboratories in 
both developed and developing countries cannot afford. For this reason, Diagnostic Techno-
logy Consultants is designing a computer system for acquisition and processing of planar 
studies based on an IBM AT compatible computer. The system collects in digital matrices up 
to 256 x 256, in static, dynamic or gated frame mode, and gated or ungated list mode. A 
zoomed collection can be made from a region selected by the user. The maximum count rate 
capability is over 100 000 c/s. EKG gating allows real time rejection of bad beats and the data 
can be collected from five separate beat lengths. The monitor is a high resolution display with 
256 colours and the system is be controlled by 'mouse' or keyboard interactions. The system 
provides a full range of processing and clinical protocols with the exception of SPECT data 
processing, and will be available at less than half the cost of current systems. 

1. S Y S T E M H A R D W A R E 

1.1. Processor 

This c o m p u t e r s y s t e m is des igned a r o u n d an 8 0 2 8 6 m i c r o p r o c e s s o r . T h e 

cho ice of an I B M A T type of m a c h i n e w a s ba sed on the c o n c e p t that this sys t em 

shou ld b e i nexpens ive re la t ive to o the r sy s t ems o n the m a r k e t a n d that it shou ld b e 

wide ly se rv i ceab le wi thou t the necess i ty of r e c o u r s e to a l a rge s tore of spec ia l ized 

r epa i r pa r t s . T h e l a rge n u m b e r of I B M A T c lones and second sou rce s f o r pe r iphe ra l 

e q u i p m e n t such as d i sks and d isp lay s y s t e m s sa t is f ies bo th these c r i t e r ia . A m a t h s 

c o - p r o c e s s o r is i nc luded in the sys t em to r e d u c e p r o c e s s i n g t i m e f o r long a r i thmet ica l 

p roces se s . 

441 
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The main computer system contains one megabyte of main memory and three 
megabytes of extended memory. The extended memory is used as a RAM disk to 
reduce the time required to transfer data in and out of the system. 

Permanent storage on the basic system consists of a 40 megabyte Winchester 
disk and a 1.2 megabyte high density floppy disk. Because of the standard system 
hardware other peripherals can be added as the need arises and, in general, can be 
obtained by the end user from local sales organizations. Since the system is intended 
for use by smaller laboratories it is felt that the 40 megabyte hard disk does not 
represent a limitation for clinical use. Use of data compression algorithms further 
reduces the need for the larger disks. 

1.2. Display 

The system uses a single display monitor for both image display and system 
operation. 

The image display is a commercial display board with 1 megabyte of image 
memory. This is memory outside the 4 megabytes of the main computer system. The 
display board is capable of a 640 X 480 pixel display with 256 simultaneous colours 
(8 bits) from a palette of 16.7 million hues. 

The display board can be expanded to a total of 4 megabytes of display memory 
and a full 16 bit display if desired. 

The board contains two digital signal processors to provide intelligent opera-
tion and reduce the processing load of the central computer. 

A number of colour lookup tables are available to modi fy the colour display. 

When not in use as an image display board for the nuclear medicine system 
the display board can be set to emulate any of the standard display cards which are 
available. 

Images are displayed by the system in any format from 32 X 32 to 512 X 512. 
The image display board provides a times two hardware zoom by pixel replication. 
Interpolated zoom from any size is provided by the processing software. 

Images can be displayed in a 'spread', 'stack' or 'cine' mode. In the 'spread' 
format the images are spread out on the screen like playing cards on a table. The 
'stack' mode places the image in a virtual stack with the image of the user's choice 
on top. In this format any of the images in the stack may be placed on top. In the 
'cine' mode the top image of the stack display is continuously altered with speed and 
forward/reverse control provided by the system. A cine display can be made of any 
set of images without preprocessing. 

1.3. Data collection 

Data collection is provided through an intelligent scintillation camera interface. 
Data may be collected in 32 X 32, 64 X 64, 128 X 128, and 256 X 256 matrices. 
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Full 16 bit (65 335 counts/pixel) data collection is used. Maximum count rate is 
100 000 counts/second. 

Zoomed collection can be performed from any user selected area over the 
entire field of view of the camera, providing a very versatile zoom and roam collec-
tion control. 

Static and dynamic frame mode as well as list mode are available in all image 
sizes. EKG gating is provided by the use of an external QRS detector. The number 
of frames which can be collected depends on the frame size. Real time bad beat rejec-
tion is performed within a maximum of 5 separate cardiac cycle lengths. 

The data collection board contains an on-board signal processor and a 64 kB 
FIFO buffer. Once the collection procedure is initialized the interface controls all 
of the data acquisition, leaving the central processor free to perform other display 
or data manipulation operations. 

The microprocessor used to control the data collection interface is a program-
mable, 32 bit digital signal processor. The signal processor accepts data from the 
analogue to digital converters on an interrupt driven basis and stores the data in the 
FIFO buffer on the interface board. During the clinical data collection process the 
processor removes the data from the FIFO buffer and reformats it as required for 
the current collection job. Both frame mode and list collection is possible with this 
system. External event flags, cardiac QRS flags and time markers can be inserted 
in list mode data. 

The interface is controlled entirely by software downloaded from the central 
80286 system. This provides a system which is easily modified and supported in the 
field. 

The ability to adjust the analogue signal levels and offsets through the zoom 
and roam collection control reduces the need for hardware adjustment and monitor-
ing of the signal levels provided by the camera. The image calibration can be 
performed by having the computer adjust the camera flood image size so that it fills 
the specified area of the digital image. 

The use of an intelligent data collection interface relieves the central processor 
of much of the work required by data collection. In essence, all the central CPU has 
to do during data collection is respond to interrupts from the collection card and 
transfer data from memory to disk. This leaves the central computer free to manipu-
late the display or process other data if desired. 

2. DATA PROCESSING 

The operating system consists of two parts. The first is a complete database 
for managing patient demographic data and tracking of clinical studies. The second 
is the graphics package which provides the image manipulation and analysis. 
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2.1. Database 

The database portion is completely menu and form driven. All data entry and 
retrieval from the database is accomplished through forms which are filled out on 
the screen by the user. The data storage is divided into three logical levels. The 
highest level is the patient information. The second level is study and the third and 
lowest level is image data. Each patient may have several studies present on the 
system and each study may have several image files present on the system. The three 
levels of data storage are represented by logical records in the database but only the 
image database is linked directly to the image data. 

2.2. Data storage 

All image data, screen saves, regions of interest (ROI), and curves are saved 
in a single file format. The image file contains a header block which describes the 
file's contents. The information saved for image files is sufficient to allow the user 
to reconstruct the data collection process. If the file contains ROI or curves, the 
header also contains information concerning the images on which the ROI were 
originally drawn and the images from with the curves were derived. 

The user sets up the data collection process through a series of screens. Default 
collection protocols are available. The data collection may be set up prior to the time 
that collection takes place. In this way the collection protocols for all patients to be 
examined in a day can be set up first thing in the morning. Once the collection 
controls are all entered a series of logical records are created in the patient, study 
and image databases and an image data file is created. The collection parameters are 
stored in the image file and used to control the collection when it is performed. 

2.3. Image graphics 

The graphics portion of the system is menu driven through pop-up menus 
which appear along the right hand side of the screen. Electronic mouse or keyboard 
entry are used for menu selection and image interaction. All functions can be 
performed with either the mouse or the keyboard. The keyboard entry is sometimes 
tedious but provides a backup in the event of failure of the mouse systems. 

Image processing is available for all image sizes including 512 X 512. Stan-
dard display functions such as contrast and brightness adjustment are provided. All 
basic image processing functions such as region of interest, curve generation and 
image filtering are also provided. A full screen save and recall is provided for saving 
the results of processing for later recall and display to referring physicians. 

Image processing is based on the concept of an 'activated image' in which the 
user, after displaying one or more images on the screen, points to the image which 
is to be processed. Either the single image pointed to or the complete series, in the 
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case of a dynamic study, may be 'activated'. From this point on any image process-
ing operation chosen is applied to the activated image. In the event that the image 
is modified, such as by smoothing or edge enhancement, the output image becomes 
the activated image. All of the processed images are stored on the disk following the 
operation. At any point in the processing sequence it is possible to perform an 
'UNDO' operation and recover the previous image. This process is only limited by 
disk storage. At any point the processed image set may be 'SAVE'd and it then 
becomes a permanent part of the patient image data and is represented in the database 
by the appropriate records. At the termination of the image processing session, any 
images that have not been SAVEd are deleted. 

2.4. Regions of interest 

Both regular and irregular regions of interest may be drawn on images of any 
matrix size. Both elliptical and rectangular ROI are available. For the regular ROI 
the user indicates the location and the horizontal and vertical dimensions in a manner 
very similar to that provided in generalized graphics packages such as MacDraw and 
MacPaint on the Apple Macintosh. The irregular regions are drawn as the user 
wishes, using the mouse or keystrokes. 

All ROI, no matter how they are created, may be edited by the user. The user 
simply indicates three points on the section of the ROI which is to be edited and then 
redraws that section with the mouse. All the ROI can also be moved, dimensionally 
scaled and rotated after creation. ROI are SAVEd in the same manner as processed 
images. ROI that are not SAVEd are lost at the end of a processing session. 

2.5. Curves 

The curves are generated by applying the ROI to the image set of interest. 
Curves are displayed on the screen in different colours. The curves are initially 
displayed with an automatic scaling factor. After the initial display the user can 
rescale by placing an adjustable box around the section of the curves to be 
redisplayed at full scale. The rescaling operation allows the user not only to select 
a new vertical display factor but also allows the specification of a subsection of the 
horizontal axis. Curves are SAVEd in the same manner as the processed images and 
ROI. 

2.6. User programs 

A user programmable macro language for generation of common analysis 
protocols is provided. Programs can be written by operating in a 'training' mode 
while actually performing an analysis. The 'program' file can be edited to add error 
trapping codes and special commands not produced by 'training'. 
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2.7. Clinical procedures 

The clinical procedures currently provided include 

Brain blood flow 
Left ventricular ejection fraction 
Renal flow and function studies 
Planar thallium cardiac analysis 

2.8. User interface language 

Consistent with the intent of producing a system that would have strong appeal 
outside the USA, a system has been designed to provide a user interface in several 
languages. All of the instructional statements, instructions and questions to the user 
and response checks are contained in a single file which can be edited by a standard 
text editor. At any point during the user operation the user interface language may 
be changed by selection of the appropriate menu item. If the system is currently 
conversing in English it may be converted to Spanish by a two step menu choice. 
The only text that will not be translated will be that already in place on the display 
screen. Any language that can be written using the Roman alphabet can be 
implemented easily. Non-Roman alphabets could also be accommodated by down-
loading a specially designed character font to the display board. 

2.9. Programming languages 

All of the graphics and database software are written in MicroSoft С 
Version 5.1. Much of the image display processing is provided by the intelligent 
display system and is accessed through standard subroutine calls. 

Significant efforts have been made to avoid system calls directly to the BIOS 
and other machine specific assembly language coding. Since the system has been 
produced with the idea of widespread, low cost service it was felt that machine 
specific coding and other operations that were likely to limit the ability to interchange 
hardware should be avoided. We have not found this to be a limitation in terms of 
response or processing speed. 

3. CONCLUSION 

This system is being designed with the intention of producing a relatively low-
cost computer system. Basing it on the commercially popular IBM AT hardware 
system provides the increased reliability of large volume commercial electronics and 
the concomitant decrease in service costs. The only proprietary part of the system 
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is the data collection interface. The remainder of the system consists of off-the-shelf 
components, most of which are available from many manufacturers. 

The 80286 microprocessor provides a very adequate base for the system since 
much of the high speed data processing is performed in the intelligent data collection 
and display interfaces. Speed of processing has not become a problem and it is felt 
that the environment in which a small system such as this would be placed does not 
require the high speed of larger, more expensive systems. 
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DISCUSSION 

Noting that the system presented was not intended as a replacement for high 
speed mini systems, a speaker asked whether with the development of 32-bit chips 
for micro systems it might evolve into such a replacement and whether this was the 
direction that computers for nuclear medicine should take. Mr. Cradduck replied that 
16-bit mini systems still outperformed 32-bit micro systems. Even so, he had no 
doubt that computers for nuclear medicine would move towards 32-bit technology 
to take advantage of the larger address space that this could provide. He emphasized, 
however, that the system presented had not been designed primarily for high 
performance. 

Mr. Britton observed that gamma camera manufacturers made it increasingly 
difficult to extract data suitable for processing from their instruments. One reason 
for this, he believed, was their wish to combine a camera with a computer in a single 
integrated digital system in order to sell a larger and more expensive package. He 
suggested that the IAEA should use its influence to persuade them to make good the 
deficiency in future gamma cameras. Mr. Cradduck agreed that the observation was 
a valid one. He emphasized, however, that the system presented was particularly 
intended for gamma cameras, especially analogue ones, in situations where there 
were no existing facilities for data processing. A speaker intervened to assert that 
if manufacturers developed integrated digital systems, this was not necessarily with 
the aim of preventing users from interfacing their gamma cameras to the computers 
of the other manufacturers. More probably, in his view, it was in response to the 
recognition that digital gamma cameras were superior to analogue ones. 
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A speaker made a plea for the standardization of computer hardware, for 
example through the use of GKS graphics. This, he considered, might encourage the 
formation of user groups sharing public domain software, particularly in developing 
countries where the cost of commercial software could be burdensome. 

Another speaker enquired as to the likely future availability of inexpensive 
hardcopy output systems. Mr. Cradduck acknowledged that the prospects in this 
regard were not good. Hardcopy output systems tended to be relatively expensive. 
This situation might change if the cost of laser printers continued to decline or if film 
output devices for low cost graphics systems could be used for nuclear medicine. 
Certainly, the small market for existing systems in which video technology was used 
to interface the display screen unit to a hardcopy colour film or black and white 
X-ray film output device put the price of such systems beyond the reach of many 
institutions. The cheapest option was still the 35 mm film camera using colour film, 
or even black and white film which could be processed in an X-ray film processor. 

The Chairman asked to what extent future policy with respect to computers for 
nuclear medicine, particularly the continuing use of IBM XT and AT personal com-
puters and their clones, might be influenced by the introduction of the new IBM per-
sonal computer PS/2 with its OS/2 operating system. Speakers generally agreed that 
the introduction of the PS/2 instrument would have little immediate effect. Reasons 
for this were first the large number of IBM XT and AT instruments in current use 
and secondly the fact that the MS-DOS operating system used with these instruments 
was generally available, whereas the OS/2 system had yet to become so. 
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Abstract 

SIMULATION OF GAMMA CAMERA SIGNALS: QUALITY CONTROL/ 
ACCEPTANCE TESTING OF THE IMAGING PROCESS. 

The aim of this work was to develop a device which could generate with high accuracy 
the output signals of a gamma camera in order to perform quality control and acceptance 
testing of the imaging process from the digitalization of the gamma camera output signals 
onwards. The device allows a more reliable adjustment and control of the communication 
between gamma camera and acquisition computer. 

1. INTRODUCTION 

As a gamma camera system is not a single unit but an assembly of several 
subunits (Fig. 1), different procedures exist to test each of the subunits1. Phantom 
objects allow checking of the imaging parameters of the global system; (simulated) 
reference data can access the performance of the processing and display modalities. 
Up to now, however, no means are available to test the coupling of the gamma 
camera to the digital acquisition of the processing unit. 

The device which will be presented can generate the output signals of a gamma 
camera according to its specifications and thus allows testing of the imaging process 
from the digitalization of the output signals of the gamma camera onwards. 

This allows one to determine whether problems that showed up with global 
quality control are caused within the camera or the computer, as even systems from 
a single manufacturer basically consist of two main parts. 

1 INTERNATIONAL ATOMIC ENERGY AGENCY, Quality Control of Nuclear 
Medicine Instruments, IAEA-TECDOC-317, IAEA, Vienna (1984). 

4 4 9 
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FIG. 1. Scheme of quality control/acceptance testing of the nuclear medicine imaging 
process. 

2. DESCRIPTION 

A gamma camera produces for every detected and accepted gamma ray three 
signals: x and y determine the location of the incidence and a strobe (or z-pulse) the 
time (and energy). These signals are monitored by the acquisition computer and if 
the strobe indicates an event, x and y are 'measured' and digitized into the computer. 
The range and the timing of these signals are well specified by the manufacturer. The 
'camera simulator' generates x, y and strobe signal within these specifications and 
connects to the acquisition computer instead of the camera in order to access the 
problems of the computer system alone. As the camera simulator should have a high 
reliability and accuracy, a microprocessor system was chosen to control the simu-
lated signals. The accuracy and flexibility of the microprocessor system allows the 
generation of even very complex test images with high precision and perfect timing. 

The following section first describes the hardware, then the software and 
finally the various test possible with the camera simulator. 

All numerical values of x, y, strobe and timing are given for a Siemens ZLC 
3799 gamma camera. 

2.1. Hardware 

The hardware can be divided into two parts: the microprocessor board and the 
interface board. The microprocessor board consists of a 8052AH basic micro-
processor with 16 к RAM and 16 к EPROM of memory. An 8255 PPI input/output 
chip controls keyboard and display operations and allows 2 x 8 bit input/output 
operations. Twelve bit x and у values provide digital x and у signals which are 
converted to analogue voltage in a symmetric range of - 1 0 V to -1-10 V. These 
analogue x and у peak values can be adjusted to the camera being simulated. A soft-
ware output provides a strobe pulse the length of which is hardware adjustable. The 
relative timing of x, у and the strobe is software controlled by the microprocessor. 

A small keyboard and a display serve to interact with the user. A panelmeter 
allows adjustment of the range of x and у according to the camera specifications. 
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2.2. Software 

No knowledge of machine language programming is necessary to use the 
camera simulator. A first set of ten tests is ready to use and, if desired, a high level 
language can be used to program other test sequences. The first set of ten tests does 
not deal with the stochastic aspects of gamma decay. A second set of high resolution 
tests which does incorporate these effects is ready but still in a test phase. The 
sequences can be divided into two categories: those tests which follow a pattern 
which can easily be calculated (such as parallel lines) and more complex tests (such 
as a set of circles), which are based on precalculated data in memory. The tests use 
a 12 bit resolution for the x and y co-ordinates and the timing can be programmed 
to yield very low or very high count rates (0-45 kc/s) to monitor the sensitivity of 
the acquisition over the total field of view and over a large range of count rates. 

The camera simulator not only allows complex geometric patterns, but the 
exact knowledge of the number of pulses on each xy location also allows the genera-
tion of well-known density patterns. 

2.3. Test sequences 

A phenomenological description of the ten different sequences is given below: 

Test 0: Adjustment range x and y 
This sequence sets (x,y) to ( - R , - R ) , ( - R , + R), ( + R , + R ) , ( + R , - R ) , 
(0,0). This allows range R to be set according to the camera being 
simulated. 

Test 1: Check range x and y 
Generates 256 counts in each of the 5 points described in test 0. This helps 
to check whether the acquisition is adjusted to the range set in test 0. If the 
exact number of counts is known, the acquisition sensitivity can be checked. 

Test 2: Linearity x 
A set of 16 horizontal lines, parallel with equal spacing, allows a check of 
distortion and vertical linearity. 

Test 3: Linearity y 
Idem, but vertical. 

Test 4: Distortion xy 
A circle fitting in the total field of view. 

Test 5: Distortion xy 
A set of concentric circles. 
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Test 6: Homogeneity 
The full range of x and y, filled homogeneously with one count per pixel 
(resolution 4096x4096). Checks homogeneity and sensitivity. 

Test 7: Homogeneity lMc 
Idem, yielding a lMc image. 

Test 8: Resolution x 
Set of vertical line pairs with decreasing spacing, allows determination of 
spatial resolution. 

Test 9: Resolution y 
Idem, but horizontal. 

3. DISCUSSION 

First of all, the gamma camera simulator allows the end user of a hybrid 
gamma camera system with gamma camera and computer from different manufac-
turers to determine the source of a problem detected with 'global system' quality 
control tests such as homogeneity, sensitivity and resolution tests. If a problem 
occurs, the camera simulator can be used to check the acquisition computer alone 
and if necessary allows the servicing company to tune the acquisition part of system. 
If some problems still remain, their cause can be investigated within the gamma 
camera. 

Secondly, the camera simulator provides the computer companies with a good 
tool to test and prepare their product before delivery. And of course it allows the 
end user to perform objective acceptance testing of his new acquisition computer 
(even without the camera being delivered!). 

Due to the microprocessor based approach of the camera simulator, all tests 
are perfectly reproducible and if necessary even adaptable to the user's needs. 

4. CONCLUSIONS 

The realization of the camera simulator fulfilled our aim to make a device 
which could generate the output signals of a gamma camera to allow the computer 
company to adjust their system with these well-known signals. The ten implemented 
sequences of course only allow very simple tests, but recent developments include 
random aspects and complex density patterns. Together with (simulated) reference 
data to check processing and display modalities and phantoms to check the global 
system, the camera simulator constitutes a missing link in quality control/acceptance 
testing of the nuclear medicine imaging process (Fig. 1). 
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DISCUSSION 

A speaker commented that the device presented provided a good solution to 
a very real problem. He asked how many gamma camera-computer systems had 
been tested with it and how often abnormalities had been discovered. 
Mr. Vanregemorter stated that all five acquisition units in his institution had been 
subject to testing over the past year. During this period unexpected ADC abnormali-
ties had been revealed in one unit; the field of view of the analogue oscilloscope had 
also been shown to need adjustment. He indicated that the device had not yet been 
employed elsewhere, though it would certainly be interesting to extend its use. It was 
not yet commercially available, but a limited number might be made available, for 
example to the IAEA. 

Another speaker asked whether the device generated periodic or random sig-
nals, pointing out that the latter would more closely simulate the data from actual 
studies on patients and would thus provide a better test. Mr. Vanregemorter indicated 
that the signals generated in the version presented were not randomized spatially or 
temporally, though they covered a wide range of count rates. A more recent version, 
still being tested, would provide randomization. 

Mr. Britton expressed his views that the device was excellent, that the IAEA 
should promote its use and that every computer engineer attending a nuclear medi-
cine unit should have one at his disposal. He pointed out that such testing might be 
employed to exonerate an apparently faulty program if in fact the fault lay with the 
quality of the input data. 
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Abstract 
QUALITY CONTROL OF IMAGING INSTRUMENTS. 

Effective quality control of an imaging device requires efficient management. Routine 
quality control must be embedded in a quality control system which also includes selection 
and siting of a device, training in its operation, its acceptance testing and its disposal and 
replacement. The basis for acceptance and routine tests are parameters of performance. For 
a scintillation camera there exist internationally accepted standard publications. This is not yet 
the case for single photon emission computed tomography (SPECT) systems using a rotating 
camera, but reasonable agreement about the performance parameters already exists. No such 
agreements exists as regards acquisition software and clinical software for study analysis. A 
review system for the efficiency of the quality control system is available in the form of inter-
laboratory comparison studies. Thanks to the initiatives of the IAEA and WHO the concept 
of inter-laboratory comparison in the quality control of imaging devices is now acknowledged 
worldwide. 

1. INTRODUCTION 

The need for quality control (QC) was early recognized in the development of 
nuclear medicine (NM) instrumentation. A pioneering survey by Brucer [1] in the 
mid 1950s demonstrated enormous inter-laboratory variations in the measurement of 
radioiodine thyroid uptake using a human phantom. A survey of imaging instruments 
carried out by the British Institute of Radiology in 1972, in which a test phantom 
containing radioactivity (the Williams phantom) was imaged with scintillation 
cameras or rectilinear scanners, again revealed gross differences in the performance 
of the instruments [2]. These and similar findings from surveys of activity meters 
in the USA [3, 4] were responsible for an early interest in NM to find methods to 
ensure the adequate functioning of the equipment and, in particular, of the imaging 
instruments used. 

457 
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The principles of quality assurance (QA) have always been important factors 
in industrial production processes, and have been laid down in numerous national 
and international standards. It is worth while to recall some basic definitions in this 
area. 

Quality is defined as "The totality of features and characteristics of a product 
or service that bear upon its ability to satisfy a given need" [5], and QA is defined 
in the same source similarly generally as "All activities and functions concerned 
with the attainment of quality". 

For the purposes of medical imaging, QA has been defined more specifically 
by WHO, which, for diagnostic radiology, defines QA as " . . . an organized effort 
by the staff operating a facility, to ensure that the diagnostic images produced by the 
facility are of sufficiently high quality so that they consistently provide adequate 
diagnostic information at the lowest possible cost and with the least possible exposure 
of the patient to radiation" [6]. When considering these definitions it becomes clear 
that QA is concerned with all aspects of the nuclear diagnostic system. It has been 
emphasized by Hendra [7] that " . . . the essential issue that runs through all modern 
sources and textbooks on the subject of QA is that QA and effective management 
are so intimately related that one does not exist without the other." This view is 
reflected clearly in Ref. [8], which states the following: 

" A major task of management is that of persuading personnel to have 
the correct attitude of mind towards quality; to behave.in a manner that 
is not always 'the easiest'; and to remember that 'prevention' is usually 
less costly than the ' cu re ' . " 

The nuclear diagnostic system can be classified into components sufficiently 
distinct from each other so that they may be regarded as separate entities to which 
independent methods of QA may be applied. Büll [9] has given such a breakdown 
into components relevant to QA as follows: 

(1) Radiopharmaceuticals 
(2) Injection techniques 
(3) Imaging devices 
(4) Imaging and data processing techniques 
(5) Patient history 
(6) Experience of reader. 

QA applied to these levels is more specific and requires clearly defined actions. 
The term quality control (QC) is then preferred. It has been defined as " ... covers 
monitoring, evaluation, and maintenance at optimum levels of all characteristics of 
performance that can be defined, measured and controlled" [10]. 

The following will discuss QC of imaging devices and of imaging devices 
connected to a data processing system, i.e. essentially what is contained under 
items (3) and (4) above. It will concentrate on QC of scintillation cameras including 
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single photon emission computed tomography (SPECT), since these devices carry 
the main workload of NM imaging. Less frequently encountered imaging systems 
such as scanners and positron emission tomography (PET) cameras will not be 
considered here. 

2. PERFORMANCE PARAMETERS OF SCINTILLATION CAMERAS 

The ability of a scintillation camera to provide a good quality image is reflected 
in a number of performance parameters. It is now generally accepted that the perfor-
mance of a scintillation camera is adequately characterized by the following 
parameters: 

Spatial resolution 
Energy resolution 
Flood field uniformity 
Spatial linearity 
Count rate performance 
Plane sensitivity 
Detector head shielding leakage. 

Options which influence the quality of the image such as whole body scan 
attachments or multiformat cameras will need to be included in this list when they 
are attached to a scintillation camera. SPECT systems require additional perfor-
mance parameters which are discussed separately below. 

In principle these parameters are well defined physical quantities. Spatial reso-
lution, for example, is usually defined as the full width at half maximum of a profile 
through a point source or a line source image. Since, however, the value obtained 
is dependent on a number of factors such as position of the source relative to the 
detector surface, energy of the radionuclide, the collimator used and presence of 
scatter material, it is impractical, if not impossible, to characterize spatial resolution 
completely by carrying out measurements of spatial resolution under all conceivable 
conditions. This situation has led to the introduction of standards which not only 
define a parameter but which also prescribe in detail its measurement under a few 
specific configurations, assuming that other configurations will provide little more 
information about the parameter. This assumption, by the way, is the main source 
of discrepancies between current standards, which define the same parameters but 
different methods of measurement. 

The most widely used standard was published by the US National Electrical 
Manufacturers' Association (NEMA) in 1982 [11], named "Characteristics and Test 
Conditions of Radionuclide Imaging Devices". It was extended to include some 
parameters relevant to SPECT in 1986 [12]. The standard defines the useful field of 
view for a scintillation camera and methods to measure energy resolution, intrinsic 
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and system spatial resolution, temporal resolution, spatial linearity, uniformity, 
sensitivity and multiple window spatial registration. The NEMA standard is used by 
all leading manufacturers of scintillation cameras to describe the performance of 
their products. It is therefore well suited to compare different products and to specify 
the performance of a scintillation camera in a purchase contract. 

The International Electrotechnical Commission (IEC) has published a different 
standard [13] for essentially the same parameters as NEMA. Even the title of the IEC 
publication is the same. The difference is that the measurements of the IEC standard 
emphasize conditions in which scattered radiation is included, while NEMA 
explicitly excludes scattered radiation in most, measurements. The IEC measure-
ments have been designed with the intent that they should measure performance 
parameters under conditions which are as close as possible to the clinical imaging 
situation. 

A critique of Ref. [11] has been given in Ref. [14], while Ref. [15] gives an 
interesting comparison between the NEMA and the IEC standard publications. 

It is worth while mentioning that the most detailed set of measurement instruc-
tions for scintillation camera QC and performance parameters is contained in the 
IAEA-TECDOC-317 [16], which in its present version contains instructions on how 
to carry out acceptance tests and routine QC tests for all major categories of equip-
ment found in a NM department. A supplement that should be available by the end 
of 1988 includes the definition of performance parameters and of their measurement 
for SPECT systems using a rotating camera as well. The TECDOC-317 has been 
designed as a mixture of definitions and measurement protocols partly taken from 
the standards above and supplemented with other relevant definitions and tests consi-
dered to be the most relevant and practical ones from the viewpoint of the user. 

3. PERFORMANCE CHARACTERISTICS OF THE SCINTILLATION 
CAMERA-COMPUTER SYSTEM 

3.1. The scintillation camera-computer interface 

In principle, a scintillation camera-computer system is characterized by the 
same performance parameters as is an analogue camera alone. For practical 
purposes, however, it is of advantage to regard the camera-computer interface as 
a separate component of the system. The interface connects the detection and 
positioning signals of the camera, i.e. the X, Y and Z signals, to the data processing 
system and converts them to digital values. It consists essentially of two analogue 
to digital converters and a few signal conditioning circuits. In a well designed system 
the interface causes no deterioration of the performance parameters and is trans-
parent to the user.- This is the reason why there is no need for the specification of 
performance parameters for the interface. A defective interface may cause specific 
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changes in some of the performance parameters already mentioned, especially in 
flood field uniformity and in count rate response, thus indicating a failure in the inter-
face [17]. Digital circuitry tends to replace analogue circuits at a very early stage 
of signal processing in advanced systems. It may then be impossible to find a well 
defined interface. 

3.2. Basic acquisition and analysis software (firmware) 

In a digital scintigraphy system, data acquisition and image processing is 
performed under the control of a computer using a special software package. It 
should not be ignored that these components of the system may also have defects 
(bugs), which may be subtle and may occur only under specific circumstances, in 
particular, in connection with otherwise insignificant misadjustments of the hardware 
[18]. The QC of this part of the system should follow the same principles as that of 
an analogue scintillation camera. This would require, in the first place, definitions 
and standards of performance for all functions carried out by the software to provide 
a basis for specification and testing. However, the current situation in this area is 
rather unsatisfactory. Software systems and special features vary considerably from 
manufacturer to manufacturer. Even different software versions of the same system 
may display great differences. 

Generally speaking, each system contains a range of acquisition and basic 
processing functions. For some functions the description of the function as such is 
clear enough to serve as a basis for testing. For example, if two images are added, 
then it is evident what the resulting image should be and the user can check whether 
the command performs correctly. The situation is more difficult as soon as the func-
tions become more complex, e.g. if a gamma function is fitted to a time/activity 
curve, or if real time acquisition is involved. Only the specialized expert can test for 
the correctness of such algorithms. It will be seen later that suggestions exist for tests 
for the most vital functions of the NM acquisition software (Table I). However, no 
standardized methods are yet available, due to thé dissimilarities between the differ-
ent implementations of NM data processing systems. 

3.3. Application software for the analysis of nuclear medicine studies 

The situation with respect to clinical analysis software is even worse. Clinical 
software is not only provided by manufacturers but also by user clubs, or may be 
produced in-house. Professional software design is the exception rather than the rule. 
Efforts have been made in the Scandinavian countries to define the user requirements 
and production principles of NM software [19, 20], pinpointing the problems in this 
area, but showing at the same time that QC of such software is a vital requirement 
of the future. Methods for the testing of clinical software have only recently been 
addressed in a more systematic way. A promising approach which has already given 
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T A B L E I. T E S T S C H E D U L E F O R SCINTILLATION[16] : 
LIST O F R E C O M M E N D E D Q C TESTS F O R T H E SCINTILLATION C A M E R A 
A N D T H E SCINTILLATION C A M E R A - C O M P U T E R S Y S T E M 
(A = acceptance, R = reference, W = weekly, Q = quarterly, H = half-yearly) 

Acceptance and reference tests A R W Q H 

1. Physical inspection x 

2. Test of preset and manual PHA window settings x x 

3. Test of intrinsic flood field uniformity x x x 

4. Test of flood field uniformity over available x x 
PHA window widths 

5. Test of flood field uniformity at energies x x 
other than 140 keV or 392 keV 

6. Test of system flood field uniformity x x 

7. Test of intrinsic spatial resolution x x x 

8. Test of system spatial resolution x 

9. Test of intrinsic count rate performance x x x 

10. Test of maximum count rate x x x 

11. Test of system count rate performance x x 

12. Test of system plane sensitivity x 

13. Test of detector head shielding leakage x 
14. Test of spatial resolution and spatial x x 

linearity 

15. Test of total performance x x 

16. Test of multiple window spatial registration x x x 

Additional acceptance and reference tests for the 
scintillation camera-computer system 

17. Test of basic computer timing x x x 

18. Test of computer timing in dynamic acquisiton x x x 

19. Test of gated acquisition x x x 

Operational checks 
(to be carried out each day the instrument is used) 

1. Check of collimator and detector head mountings 
2. Check of energy calibration of PHA 
3. Check of flood field uniformity and sensitivity 
4. Check of background count rate 
5. Check of oscilloscope 
6. Check of film handling and processing 
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some useful and interesting results is the use of software phantoms, i.e. typical 
patient studies with well documented diagnosis. Such studies are used as input to the 
software system to be evaluated and the results compared with what would be 
expected. Such tests are total performance tests, the software phantom being accord-
ingly a total performance phantom of the analysis software. A detailed discussion of 
this technique is presented in other contributions to this symposium [21, 22]. 

An attempt to tackle the problem more generally has been made in Europe by 
the establishment of a project within the framework of COST (Co-Operation in 
Science and Technology), entitled "Quality Control of Nuclear Medicine Soft-
ware "[23]. COST constitutes a privileged framework of co-operation between the 
European Community and European non-member states in the field of research and 
development. The project, which was inaugurated in May 1988, brings together a 
group of co-operating European countries. Each participant works on a specific 
aspect of the project along general guidelines of the steering committee of the 
project. Subprojects include the establishment of software phantom databases for 
various categories of NM studies, the standardization of image formats for NM study 
transmission and the setting up of an electronic network, including the creation of 
a computer conference aimed at rapid information exchange between the 
participants. 

4. PERFORMANCE PARAMETERS OF SPECT SYSTEMS USING A 
ROTATING SCINTILLATION CAMERA 

The performance parameters for the imaging ability of a camera head are the 
same as for that of a conventional scintillation camera-computer system, since the 
bases of reconstruction of the tomographic images are planar images taken with the 
scintillation camera, at different angles. A number of additional parameters specific 
to tomographic performance and to the quality of the reconstructed image exist and 
have been discussed in various papers [24-26]. An adequate set of parameters and 
of measurement instructions for all the parameters listed below is contained in the 
supplement to the TECDOC-317 of the IAEA, to be published at the end of 1988. 
These include: 

Tomographic system uniformity 
Tomographic system resolution 
Precision of estimation of the centre of rotation 
Linearity of activity estimation 
Sensitivity — slice and volume 
Quantitative accuracy 
Slice thickness 
Tomographic contrast. 
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The NEMA standard [12] contains two additional parameters, which are of 
importance especially for older systems: 

Angular variation of flood field uniformity and sensitivity 
Angular variation of spatial position. 

5. THE QUALITY CONTROL SYSTEM (QCS) 

5.1. Functions 

Complex medical equipment such as NM imaging devices should be selected 
and maintained within a QCS to ensure that " . . . the equipment is not only suitable 
for its purpose, but is also maintained in a safe and reliable condition, is understood 
by its user and can be used with confidence" [27]. The management of equipment 
(the QCS) embraces the following functions: 

(1) Selection and siting 
(2) Training 
(3) Acceptance 
(4) Routine quality control 
(5) Servicing — user, scheduled, or unscheduled 
(6) Disposal and replacement. 

Items (1) and (6) are mainly managerial tasks which basically require the 
assessment of the role of a specific NM service in a hospital or a region. According 
to the agreed scope of the service, the most appropriate equipment configuration can 
be selected. Close co-operation and communication at this level between health serv-
ices administration, hospital administration, the nuclear medicine department and the 
medical physics (or equivalent) services is essential to ensure that all aspects of the 
selection or replacement process are discussed. These include the definition of user 
requirements, the identification of suitable equipment, the compilation of perfor-
mance parameters, compatibility with equipment already in use, safety aspects, the 
servicing situation with regard to availability of adequate technical support and of 
spare parts, and the overall costs. Especially in developing countries the electrical 
power supply may need extensive conditioning to be acceptable for the operation of 
a scintillation camera [28] and its influence on the total costs should be considered. 

The remaining items, (2) to (5), are within the responsibility of the end-user 
of the equipment (i.e. the NM service itself) and are discussed in more detail. 

5.2. Training 

Training and continuing education is, generally speaking, the most important 
aspect of user QC. 
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One aspect of training is user training related to the clinical operation of the 
device. No new equipment should be allowed to enter service until the potential users 
have had adequate training in its operation. Furthermore, a background in the 
clinical uses and training in user maintenance procedures is required. It is important 
that training should be repeated for new staff members. 

The second aspect is training and continuing education in QC. It has been 
reiterated in many publications that it is the attitude towards quality which is the most 
important factor contributing to the success of any QC programme. Not only should 
the training programme include the QC procedures themselves but also general 
aspects of the operation of the equipment including the basic principles of instrument 
design, routine operation, safety aspects, user maintenance, etc. Training should be 
made available to all categories of NM staff in order to obtain a positive attitude 
towards QC at all levels. 

The importance of training has been realized widely. Workshops for QC of 
scintillation cameras were organized in the USA as early as 1974 by the Bureau of 
Radiological Health of the Food and Drugs Administration [29, 30], with workshop 
activities including scintillation camera-computer systems [31]. In Austria, as an 
example, workshops for scintillation camera QC are organized regularly by the 
Österreichische Gesellschaft fur Nuklearmedizin; similar activities have been 
reported from other European countries [32, 33]. 

At the international level the IAEA and WHO have organized seminars on 
general aspects of QA in NM, some of these as joint meetings which always included 
training courses on the QC of NM equipment. In addition to these, the IAEA has 
conducted a series of national workshops on QC of NM instrumentation, including 
the QC of scintillation cameras [34, 35]. Furthermore, the IAEA and WHO jointly 
issue a periodic newsletter "IAEA/WHO Quality Assurance Programmes in Nuclear 
Medicine", distributed free of charge, in order to promote the concept of QA and 
to offer material for continuing education in this field. 

5.3. Acceptance 

It is essential to verify immediately after installation that the equipment is func-
tioning according to the specifications agreed upon in the purchase contract. 

The acceptance procedure should be carried out by highly trained personnel. 
It is advisable to contract external specialists if local resources are insufficient. This 
method is increasingly employed in countries with limited availability of suitable 
local specialists. It is important not to rely on results obtained by a manufacturer's 
representative. 

The acceptance procedure consists of a number of checks and tests. Part of 
these are inspections to confirm that the equipment has been delivered completely 
and is installed and functioning according to the conditions of the purchase contract. 
Additional reference tests are carried out in order to test features of the equipment 
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which were not specified in the contract. All test results should be carefully 
documented since they also serve as baseline values for routine QC tests to be carried 
out in the future. It is also recommended that an instrument log book is opened at 
acceptance testing in which all relevant data during the whole period of operation 
of the instrument are recorded, such as results of acceptance testing, defects, modifi-
cations, etc. [27, 16]. 

No universal agreement on a standardized acceptance procedure exists, since 
equipment configurations vary widely and there is also no agreement upon the set 
of tests required for acceptance. Protocols for the acceptance procedure have been 
published by several organizations. They differ in that analogue scintillation cameras 
are tested differently than are scintillation cameras connected to a data processing 
system. The IAEA TECDOC-317 [16] contains acceptance procedures for all 
possible configurations of scintillation cameras including SPECT systems, while the 
United Kingdom Hospital Physicists' Association (HPA) and the American Associa-
tion of Physicists in Medicine (AAPM) have published acceptance test procedures 
for analogue scintillation cameras [36, 37]. The AAPM has furthermore published 
an acceptance procedure for scintillation camera-computer systems [37]. Some 
guidelines for the testing of basic NM software are found in Refs [38] and [39]. 

The general philosophy behind these protocols is to enable the average user to 
carry out measurements that can be performed without specialized, usually expen-
sive, equipment, but give results as close as possible to one of the international stan-
dards of performance, usually to the NEMA specifications. It should however be 
kept in mind that only the NEMA specifications are usually included in a purchase 
contract and that disgreements about the performance of a device can be resolved 
only by referring to these. The usefulness of the NEMA standard to check the perfor-
mance of a scintillation camera at installation has been discussed in Refs [40] and 
[41]. In both cases the authors found that more than 90% of the scintillation cameras 
undergoing the acceptance procedure did not pass at first attempt so that further 
adjustments were required until the specifications were eventually met. In some 
cases it took several months until the installation was completed successfully. These 
results stress the importance of exhaustive acceptance testing. 

5.4. Routine QC 

Routine QC of an imaging device has three aspects: 

(1) Regular assessment of the performance of the device from measurements on 
a set of standardized parameters 

(2) Comparison with acceptance limits 
(3) Taking corrective actions if measurements are outside acceptance limits. 

As with acceptance procedures, there is no universal agreement on a routine 
QC programme. Opinions vary considerably on the optimum tests and on their 
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FIG. 1. Frequency of testing of flood field uniformity (from the IAEA/WHO quality control 
survey [45]). 

frequencies [30, 36, 42-45]. However, there is agreement that all the performance 
parameters that have been measured during the acceptance procedure should be 
tested at regular intervals. 

It has been pointed out repeatedly that in order to be accepted as useful in a 
busy service, a QC programme should be easy to perform by the average user, 
require little time, be sensitive to malfunctions at an early stage and indicate possible 
causes of a problem — in that order. 

5.4.1. Routine QC of a scintillation camera for planar imaging 

5.4.1.1. Flood field uniformity 

The parameter most easily measured is the flood field uniformity, regardless 
of whether the scintillation camera is connected to a data processing system or not. 
Apart from the fact that non-uniformities have an evident effect on image quality, 
the flood field uniformity is also an indicator of spatial distortion [46]. It is therefore 
reasonable that it is also the most frequently recommended test for a routine QC 
programme. It is generally recommended that the test should be performed once 
daily [10, 16, 29, 30, 47, 48].- This aim has not yet been achieved, as results from 
the IAEA/WHO quality control survey [45], in which considerable deviations from 
the recommended frequency were noted, have shown (Fig. 1). 

Several methods of measuring flood field uniformity are in use. Both S9Tcm 

and 57Co are used as a tracer. Where the economic situation permits, a 57Co flood 
source is preferred because of its ease of handling, while in developing countries 
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FIG. 2. Source used for flood field uniformity testing [45]. 

with very limited resources 9 9Tcm is used almost exclusively (Fig. 2). Cobalt-57 is 
always used in the form of a radioactive flood source; " T c m may be used as a point 
source or in a refillable flood source phantom. When a point source is used, the flood 
field is obtained without collimator, so that the image obtained is potentially suitable 
for the evaluation of intrinsic flood field uniformity according to the NEMA 
standard. 

The methods of evaluating the flood image vary widely. For an analogue 
system, visual inspection and comparison with a reference image are used. Quantita-
tive densitometric measurements have also been employed but are too cumbersome 
for routine use. For scintillation camera-computer systems, uniformity indices 
corresponding to the NEMA uniformity definitions can be computed automatically 
[43, 49, 50], but can be compared with the NEMA value only if the measurement 
itself follows the NEMA protocol. Contrast enhancement, special colour or intensity 
scales and subtraction techniques have been used to increase the sensitivity of the 
display of non-uniformities [50, 51]. 

For visual inspection of the flood image no objective acceptance limit can be 
given. The decision to accept the performance of a scintillation camera with visible 
non-uniformities is based on the degree of the non-uniformity in comparison to a 
reference image and on its location. If uniformity indices are calculated, the decision 
should be based on the trend of the series of indices and on the relative excursion 
of the current value from the mean value of preceding measurements. For example, 
an excursion of 20% is recommended in Ref. [16] as the acceptance limit. 
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5.4.1.2. Spatial resolution and spatial linearity 

Spatial resolution and linearity are usually visualized together using a transmis-
sion phantom with a suitable regular structure. Many different phantoms have been 
designed for this purpose. In the IAEA/WHO survey, which did not include the 
USA, the most frequently encountered phantom by far was the four-quadrant bar 
phantom, followed by the OHTP phantom and the PLES phantom, other types of 
phantoms being used in negligible numbers (Fig. 3). Descriptions of these and other 
phantoms can be found in the references [10, 16, 29, 30, 52]. Spatial resolution and 
spatial linearity are usually evaluated visually. The acceptance of the current linear-
ity and resolution picture is then based on the subjective comparison with the imàgè 
obtained during reference testing. For scintillation camera-computer systems, 
compùter methods have also been used to obtain quantitative values [43, 53; 54]. In 
these cases quantitative distortion and resolution values may then be obtained and 
objective acceptance criteria similar to those for the uniformity be used. 

The digitization rate of a NM computer is usually not good enough to permit 
the routine use of the NEMA linearity phantom. It is usually recommended that the 
resolution and linearity test is carried out weekly [6, 16, 47], but also here consid-
erable deviations from the recommendation have been found (Fig. 4). 

5.4.1.3. Total performance test 

The need for a total performance test is based on the observation that even if 
all performance parameters are within acceptance limits, the total performance might 
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FIG. 4. Frequency of testing of spatial resolution and spatial linearity [45]. 

nevertheless be impaired [55]. The test consists in imaging a suitable total perfor-
mance phantom, which often is structured to simulate the activity distribution of a 
human organ under clinical conditions. The total performance test then checks all 
relevant components of the system in combination. In particular, it should also 
indicate deterioration in contrast, an effect which could easily escape detection by 
other QC procedures. Low contrast phantoms, which would in principle also be 
suitable total performance phantoms, have been designed to be sensitive to contrast 
changes [42, 56] but they have not found routine applications in QC programmes to 
date. 

It is recommended that the total performance test should be carried out weekly 
[16]. The evaluation of the image is done by visual inspection and by comparison 
with a reference image. 

An example for a complete QC programme for a scintillation camera using the 
test schedule of the IAEA TECDOC-317 is given in Table I. It is augmented by 
additional tests required specifically for a scintillation camera-computer system. 

5.4.2. Routine QC of SPECT systems using rotating scintillation cameras 

Tomographic imaging is known to depend much more on the correct adjust-
ment of the imaging device than conventional planar imaging. Furthermore, a 
reconstructed image may contain artefacts even if the planar images are optimal. 
There are two main sources of error that cause artefacts in the reconstructed image: 

(a) Misadjustments of the rotating system, most frequently a mismatch between 
the centre of rotation and the centre of the digital image matrix, which ideally 
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should coincide, cause ring artefacts that may be located anywhere in the 
reconstructed image. 

(b) Non-uniformities of the planar flood field are amplified by the reconstruction 
algorithms used in routine reconstruction. They too cause ring artefacts, which 
are centred around the axis of rotation. 

Variation of the uniformity with the position of the camera head has been 
described to be a serious source of artefacts in early tomographic systems [57], but 
seems no longer to be a problem thanks to improved magnetic shielding of the 
photomultiplier tubes of the camera head. Non-uniformities due to strong magnetic 
fields may still be encountered close to an NMR unit but can (and should) be avoided 
by proper siting. 

The centre of rotation offset and the uniformity of the flood field of the scintil-
lation camera are therefore the most important performance parameters with respect 
to routine QC. Several test schedules for SPECT quality control have been reported 
in the literature [58-61], essentially based on these two parameters and on the regular 
acquisition of a uniformity correction matrix. There is good agreement between 
them. With gradual improvement of the design of the SPECT systems, both in hard-
ware and in reconstruction software, the systems have become more stable and this 
process is likely to continue in the future. A decrease in the recommended test 
frequencies is likely to follow. Hardware improvements have resulted in much better 
planar uniformity, so that the usefulness of routine uniformity correction, till now 
considered essential [62], is now being questioned, since the gain in image quality 
is countered by the possibility of introducing artefacts, if the correction floods are 
not acquired with meticulous care. Software correction algorithms for centre of rota-
tion mismatch have obviated the need of weekly interface adjustments in order to 
align the centre of rotation. However, they have not abolished the need for periodic 
assessment of that parameter, which is still needed by the correction programme. 

The total performance phantom providing an overall check of system perfor-
mance is of much greater importance in SPECT than in planar imaging. In addition 
to measuring physical performance parameters, it is essential to demonstrate that the 
system is capable of producing useful images. The most frequently used total perfor-
mance phantom is the Jasczak phantom. This consists of three sections: a uniformity 
section, a section containing cold spherical lesions of different diameters, and a 
resolution section containing resolution patterns of different grid size suitable for the 
simultaneous assessment of tomographic uniformity, tomographic contrast and 
tomographic resolution. Apart from acting as a total performance phantom it can be 
used to obtain quantitative data about tomographic uniformity and tomographic 
contrast, while for tomographic resolution an estimate is obtained [63]. 

An example of a complete QC programme for the tomographic parameters 
characterizing a SPECT system using the test schedule of the supplement to IAEA 
TECDOC-317 [16] is given in Table II. 
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TABLE II. TEST SCHEDULE FOR SPECT SYSTEMS: 
LIST OF RECOMMENDED QC TESTS FOR SPECT SYSTEMS 
(A = acceptance, D = daily, W = weekly, Q = quarterly, H = half-yearly) 

Acceptance and reference tests A D W Q H 

1. Mechanical inspection of the SPECT system x x 

2. Test to determine the absolute size of a pixel x x 

3. Test of the centre of rotation offset and x 
alignment of Y axis to axis of rotation 

4. Test of tomographic uniformity of the camera x x 

5. Test of tomographic resolution in air x x 

6. Test of tomographic resolution with scatter x x 

7. Test of slice thickness at centre of slice x x 

8. Test of variations of sensitivity and x x 
uniformity with rotation of the system 

9. Total performance test x x 

Operational checks 

Check of routine function and centre of rotation offset x 

5.5. Servicing — user, scheduled, or unscheduled 

A formal programme of maintenance is essential to ensure that regular inspec-
tions and routine servicing are carried out. The designation of a supervisor respon-
sible for the management of the servicing aspects is the most effective way to ensure 
that servicing is carried out according to that plan [27]. 

Regular servicing consists of user maintenance and of scheduled servicing. 
User maintenance consists of careful cleaning of the equipment, of the regular 

inspection and replacement of short-lived components, and of the inspection of all 
parts that relate to the safety of patients and the staff. 

Scheduled servicing includes all parts of regular servicing which should not be 
left to the user. The schedule should follow the recommendations of the manufac-
turer. It depends on the skills of the technical services available in the hospital 
whether in-house scheduled servicing is possible. For scintillation cameras and 
computers, special training and specialized test equipment which will not usually be 
available to hospital staff is required even for scheduled servicing. 

It should be guaranteed already at the time of the purchase that the manufac-
turer can provide adequate unscheduled servicing (emergency repairs), training of 
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staff, and spare parts. In many cases the routine QC programme can be used to 
localize possible sources of trouble. This will help to deal quickly and efficiently 
with a breakdown. 

General guidelines to this end can be found in more detail elsewhere [27, 16]. 

6. PROFICIENCY TESTING (INTER-LABORATORY COMPARISON) 

Internal QC programmes should be reviewed periodically. This is necessary 
to demonstrate and maintain continued awareness of the usefulness of a programme 
to all staff members involved. An accepted method for external review is the partici-
pation in inter-laboratory comparison studies. 

According to Dorsey [64], the objectives of an inter-laboratory comparison 
programme are: 

(1) To define the 'state of the art' in terms of methodologies, reagents, standards, 
equipment and personnel performance. 

(2) To help define sources of error in terms of procedures, the education and 
performance of the personnel of laboratories, the equipment used and its 
calibration. 

(3) To define criteria to substantiate medical usefulness. 
(4) To define educational needs and to stimulate remedial measures. 
(5) To achieve interconvertibility of laboratory data from different laboratories. 
(6) To identify unreliable laboratory performance. 

The first to develop a systematic survey programme for imaging equipment 
was the College of American Pathologists (CAP), which, through its Nuclear Medi-
cine Resource Committee, chaired by Dr. N..Herrera, has carried out such surveys 
since 1971 [65, 66]. 

Inter-laboratory comparisons of imaging equipment are based on the acquisi-
tion and evaluation of images of a test object obtained from the devices under investi-
gation. The test object (phantom) contains lesions of differing size, contrast and 
positions which are known to the organizer of the survey, but are unknown to the 
participant. The image is evaluated by the participant, the evaluation forming the 
data from which the performance of the participant is derived. Both emission [65] 
and transmission [66-68] phantoms are used for these purposes, the shapes of the 
phantoms varying widely, from simple geometrical patterns with randomly 
distributed lesions to simulated human organs. The CAP has provided a survey 
programme on a regular basis mainly to subscribers from the USA and Canada since 
1974, with the option to evaluate two phantoms per year. 

Occasional surveys have also been reported from European countries [32, 69], 
either to assess nationwide the conditions of imaging devices, or as part of QC 
programmes. 
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International inter-laboratory comparisons of imaging instruments were 
recommended as part of QA programmes at a workshop on QA organized in 1980 
by WHO [10]. Subsequently a pilot study was carried out within Europe with 
12 countries participating [67, 70, 71]. The phantoms used were a transmission CAP 
liver phantom, a transmission CAP brain phantom [66] and the 'London' liver phan-
tom [72]. Following the successful completion of the pilot study, the activities of 
WHO were combined with similar activities of the IAEA in a worldwide inter-
labóratory comparison using the IAEA simulated anatomical liver phantom [45]. In 
total, 34 countries from Asia and the Pacific, Europe, Latin America, and the 
Mediterranean/Middle Eastern region participated in this comparison [45, 73]. 

For the participant, the two most important objectives of such an inter-
laboratory comparison are: 

(1) To identify unreliable instrument performance. 
(2) To provide feedback information about the performance of the participant with 

respect to that of the other participants. 

Assessment of participant performance is the crucial step in the evaluation of 
the results. Methods must be used to assess the quality of the image in terms of its 
evaluation as provided by the participant. Generally speaking, the image quality is 
related to the amount of detail detected. Earlier ranking methods used the number 
of correctly identified lesions as a parameter of performance [66, 67]. This type of 
ranking method does not take into account differences in the decision thresholds of 
the individual observers, who may either tend to over-report, thereby increasing the 
number of true positives but inevitably also increasing the number of false positives, 
or report conservatively, thereby reporting fewer true positive but also fewer false 
positives. ROC curve analysis [74] is in principle able to remove observer bias and 
has successfully been used in the analysis of such inter-laboratory comparisons [45, 
68, 75]. A still open problem is the design of suitable phantoms which should at the 
same time fulfil the requirements for ROC analysis and be simple enough to be 
accepted by the participant. These requirements contradict each other, since ROC 
analysis requires as large a number of lesions in the phantom as possible, while the 
reader of an image tends to consider too many lesions as irrelevant or even annoying, 
in particular, if the phantom simulates an anatomical structure, which will alter the 
normal reading habit. In spite of these problems, ROC curve analysis has proven its 
value as a ranking method in such surveys. 

7. WHERE ARE WE GOING IN QUALITY CONTROL? 

The fact that digital scintigraphy systems (with or without SPECT) are 
becoming standard for NM opens the possibility to perform routine QC automati-
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cally. Routine QC utilizing the image-processing capabilities of the computer has 
been reported already at a very early stage of the development of digital systems 
[51], but lack of standards and of suitable software have until recently prevented its 
use on a widespread basis. The introduction of the NEMA standard, however, in 
conjuction with the increased power of current computer systems, has led to an 
increasing number of publications discussing methods of computerized QC following 
the NEMA standard [39, 43, 50, 76]. Also, manufacturers are increasingly offering 
flood field evaluation programs suitable for use in planar systems. Helpful in this 
development is also the growing number of scintillation cameras per department, 
since QC, if performed manually, is a boring and tedious task. Advantages of auto-
mated routine QC are that quantitative performance parameters are obtained and can 
easily be compared with the previous results stored in the computer. It follows in 
principle that automatic decision strategies could also be employed. Functional 
images with consistent contrast enhancement, and even functional images of 
parameters such as spatial resolution and linearity are within reach of routine QC 
[43, 53]. The first publications have already appeared which use methods of artificial 
intelligence to embed a routine QC test such as that of flood field uniformity in a 
complete decision tree not only to assess instrument performance, but also to guide 
the user through the necessary follow-up actions to identify more accurately the 
possible cause of a malfunction [77]. 

SPECT systems have more stringent performance requirements than systems 
used for planar imaging. Consequently, much more time has to be devoted to QC 
and associated tasks (typically the acquisition of a flood correction matrix). Modern 
systems are improving in uniformity and in the mechanical design of the rotational 
systems so that a more relaxed attitude towards the very strict QC programmes of 
the early days is observed. Additional improvements in the reconstruction algorithms 
and in the corrections for misalignments will make SPECT even more reliable. There 
is, however, a tendency in new SPECT software systems to hide corrections, and 
the data on which corrections are based, from the user, so that sometimes gross 
misalignments can go unnoticed, because due to the permanent use of corrections no 
indication is obtained that readjustments should be made until a complete breakdown 
occurs. 

A side issue of current interest in SPECT QC is concerned with the uniformity 
of parallel.hole collimators and the question, how 'parallel' the holes actually are 
[78-83]. In this area new acceptance tests accessible to the average user will 
certainly be required. 

Software is becoming increasingly complex, and reports about subtle malfunc-
tions attributable to software bugs are increasing in number. The regular use of soft-
ware phantoms is a reasonable first approach to test software packages. A major 
problem for the-general use of such phantoms is the incompatibility of computer 
systems, both of software and hardware. The European activities within the COST 
project are potentially able to contribute to the solution of the problem, in particular 
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to that of data transfer between dissimilar systems, even without help from the 
industry. 

Recently the Food and Drug Administration (FDA) has stimulated discussions 
in the USA about regulations of the software used in patient care [84]. This may be 
of considerable consequence to the manufacture and testing of NM software. It has 
already been discussed that a key to the development of better software would lie 
in the standardization of imaging technique [18], and it could be that these develop-
ments would stimulate steps in that direction. It is hoped that all these activities will 
eventually bring about the features that a user would wish in software for NM: 
namely, relevance, proven correctness, simplicity in use, and ease of understanding. 
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DEVELOPMENT OF SOFTWARE PHANTOMS FOR SOFTWARE VALIDATION. 
Nuclear medicine software is expected to meet certain criteria. The specifications are 

frequently not available to the user and, as a consequence, the performance of a particular soft-
ware package may not meet the users' expectations. Under most circumstances this may be 
evident immediately, but frequently the user will assume certain specifications based upon the 
clinical procedure that is being performed, and assume that the software should function in 
a certain fashion to give the value of a desired parameter. To this end, it is useful to have 
a number of software phantoms which can act as standard data sets for validation of the soft-
ware and ensure that the results obtained do meet expectations. A number of problems 
surround the development of a set of software phantoms that can be transported between 
different systems. One solution is the creation of mathematical phantoms, in which case 
algorithms or source code may be transportable. This paper describes four such mathematical 
phantoms that have been used to validate an ejection fraction and Fourier analysis package. 
This particular software package has been found lacking in several respects, none of which 
would have been evident from the documentation provided. 

* Work supported in part by the IAEA under Technical Contracts 4235/R1/RB and 
4271/TC. 
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1. INTRODUCTION 

Quality control of nuclear medicine instruments such as scintillation cameras 
is well established as a necessary component of a quality assurance program [1-4]. 
The quality control of software used in nuclear medicine computer systems has not 
been addressed to the same extent and several groups are demonstrating interest in 
this subject [5-8]. 

In recognition of the fact that software used in medical instrumentation can 
have an impact upon the diagnostic and therapeutic outcomes, the US Food and Drug 
Administration (FDA) has stated that software must be registered under the Medical 
Devices Act and, as such, is subject to regulation by the FDA [9]. At this juncture 
there is no evidence to suggest that nuclear medicine software can be regarded as 
'life threatening'. Most, if not all, has been classified as Class I software to date. 

In some respects the term 'quality control' is a misnomer as applied to soft-
ware. The normal objective of quality control procedures in the nuclear medicine 
environment is to ensure that the performance of an instrument has not deteriorated 
in some way. A uniformity flood of a scintillation camera, for example, is used to 
determine that the electronic circuits have not drifted or failed. In contrast to this, 
software is unlikely to fail due to some unexpected alteration in the software. It may 
'fail ' because data presented to it are outside the bounds for which it was originally 
designed. Quality control therefore becomes a task of software validation, which 
therefore may be regarded as a more appropriate term. 

It has been suggested that one purpose of quality control of software should 
be to allow comparisons between different systems [6]. This concept is, to some 
extent, inappropriate. The software designed for one system is written to a different 
set of specifications than that for another system. Thus, any comparisons between 
systems are really validations of the software and consequently become comparisons 
of the specifications of those systems. 

In order to make such intercomparisons it is necessary to ensure that the same 
data are used. Further, when new versions of software are distributed or when new 
applications programs are written, it is necessary to have some form of standard data 
set which can be used for purposes of validation. This need for standard data sets 
gave rise to the concept of 'software phantoms'. 

2. SOFTWARE PHANTOMS 

A software phantom is a set of real or pseudo patient data, or a mathematically 
derived set of data that can be formatted into the equivalent of a patient data file, 
for purpose of validation of analysis software. 

Such data sets cannot be used to validate the acquisition software. Software 
phantoms derived from real or pseudo patients (hardware phantoms) are based on 
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the assumption that the acquisition is performed without error. Mathematical 
phantoms avoid this assumption and provide a set of well defined data that do not 
depend upon the proper function of a scintillation camera or the veracity of the acqui-
sition software. 

2.1. Patient and pseudo patient data 

Software phantoms can be derived from real patient data by suppressing the 
patient's name and identity. Such software phantoms can provide for a large range 
of normal and abnormal physiological conditions. In this context it is possible to have 
data that will test the software for many conditions which may be expected to occur 
in clinical practice. 

The major difficulty is that of validating the clinical condition itself. If, for 
example, a gated cardiac study that demonstrates an ejection fraction of 25% is 
included, the question that arises is how sure can one be of the accuracy of that 25 % 
figure? What sort of error of measurement is involved? How may it be verified? Is 
the modality chosen for validation proven? Can the standard be traced? 

A pseudo patient data set is usually obtained from some simple physical model 
or phantom. This may be something as simple as a uniformity flood or a resolution 
bar phantom. More complex software phantoms may be derived from data collected 
from phantoms with mechanical motion such as the various cardiac phantoms [10]. 
The advantage that such phantoms offer is that the conditions of data collection may 
be rigidly controlled and the acquisition software may be tested. On the other hand, 
a phantom of this nature cannot be expected to simulate all conditions likely to be 
encountered in clinical practice. Although a cardiac phantom may be capable of 
simulating several different ejection fractions, it is unlikely, for example, to be able 
to simulate the conditions produced by frequent and random premature ventricular 
contractions. 

3. INTERCHANGE OF SOFTWARE PHANTOMS 

In order to validate software on different systems it is desirable to use the same 
software phantom in each case. Unless the same input data are used in each case it 
is impossible to determine if variations are due to differences in the data or in the 
analysis software. Transfer or interchange of software phantoms between systems 
has a number of associated problems which arise at different levels: media inter-
change, file structures and incomplete data. 
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3.1. Incompatible media 

There is only one industry 'standard' in terms of recording media that can be 
relied upon and that is magnetic tape. The large range of disk types and formats 
precludes their use for software interchange. However, very few nuclear medicine 
systems are equipped with magtape drives. 

It is possible to transmit files between systems using serial line connections 
when they are both equipped with the proper hardware and appropriate communica-
tions software. This provides a solution in a limited number of cases, but cannot be 
regarded as a global solution. 

The favoured solution appears to be the establishment of a library of software 
phantoms at one or several locations where the ability to communicate between 
systems and to produce software phantoms on a variety of suitable media exists. 

3.2. File structures 

Despite the fact that some systems may have the same operating system (e.g. 
DEC's RT-11) and, although from an operating system perspective the file structure 
may be common between systems, the internal file structures of nuclear medicine 
patient files are significantly different. The administrative data are recorded in a 
different order and in different modes (ASCII) versus integer or real data) and the 
image array may be stored differently. One system, for example, may increment the 
image array with (0,0) in the top left and (127,127) in the bottom right, whereas 
another system may increment from bottom left to top right. 

Translation of file structures from system to system at this level is relatively 
easy. A number of investigators have found it necessary to transfer between a pair 
of systems and have therefore developed software to achieve this translation process. 

In establishing a software phantom library we suggest that some intermediary 
file structure be adopted which will act as de facto standard. The administrative data 
must be described in a formal manner with definitive data formats and the image 
arrays must be rigorously described. 

3.3. Incomplete data 

Quite apart from the structure of the data files, there are many situations where 
data required for analysis in one system are not recorded in another. For example, 
system A may record, and may use for analysis, the number of rejected cardiac 
cycles in a gated cardiac study. System В may not record such information and there-
fore it will not be available for analysis of data collected on system В when analysed 
on system A. 

Establishment of an intermediary file structure should assist in overcoming this 
deficiency. Providing that the intermediary standard is complete in terms of the 
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administrative data required, and providing that it flags and requests missing data, 
it should be possible to ensure that the software phantoms can be transferred between 
systems. 

We propose the adoption of a file descriptor similar to that contained in AAPM 
Report No. 10 [11]. Using this as a file structure for intermediary storage and distri-
bution of software phantoms should overcome many of the difficulties that have been 
encountered to date. 

Another possible solution is to create mathematical phantoms rather than real 
data files. 

4. MATHEMATICAL PHANTOMS 

In order to circumvent the possible errors imposed by data acquisition and in 
order to produce well-defined software phantoms the concept of a mathematical 
phantom has evolved [12]. Here a specific pattern of counts is derived using an 
algorithm with the desired input characteristics. 

Most systems provide a facility for programming in a high level language. 
Given an algorithm for a particular software phantom, it should be possible to 
transfer this phantom between systems at the algorithm level. If two systems share 
the same high level language, including support for the nuclear medicine file 
structure, it may be possible to make the transfer at the level of source code. In any 
case, transfer of the phantoms at this level avoids the problems imposed by incom-
patibility between systems from different manufacturers. 

Several mathematical phantoms have been tested for simulating a gated cardiac 
study with the objective of validating the ejection fraction and Fourier phase analysis 
software. These phantoms have met with varying degrees of success and some infor-
mation about the limitations of the analysis software have been revealed. 

4.1. Version 0 — Rotating sinusoid disc 

The algorithm adopted first was that of a disc of activity centred on the centre 
of the field of view. The counts in the disc were set to a maximum at the centre and 
varied linearly along any radius. In addition, the counts varied sinusoidally around 
any given circumference. Thirty-two frames were chosen originally and the phase 
of each frame was incremented so that in 32 frames a full 360° rotation had been 
made (Fig. 1). 

When tested with some commercially available software for calculation of 
ejection fraction and Fourier phase analysis the software was unable to delineate the 
disc at end-diastole and end-systole since no change in total counts took place and 
the ejection fraction was 0%. Thus no reliable ejection fraction could be obtained. 
This phantom gave amplitude and phase images that were consistent with what would 
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F/G. 7. First eight images of a set of 32 showing rotation of amplitude encoded disc 
(Version 0) through first 90°. 
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FIG. 2. Amplitude and phase images of stationary wedge disc phantom (Version 1). 
Amplitude is maximum at the centre and the phase plot is 'flat '. The frequency plot indicates 
a single frequency at 159°. 
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FIG. 3. Amplitude and phase images of eccentric rotating wedge disc (Version 2). 
Amplitude and phase images are appropriate for the algorithm, but frequency plot is similar 
to that for Version 0 and cannot be described in simple terms. 

FIG. 4. Amplitude and phase images for two wedge discs in opposite phase (Version 3). 
Images are consistent with data, and frequency plot is similar to Version 1 with a single phase 
at 159°. 
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be expected. The frequency plot of pixels versus phase was unacceptable because all 
phases were present and only a few pixels existed at each phase. As a consequence, 
the frequency plot had a high random variation because less than five pixels existed 
at any one frequency. 

4.2. Version 1 — Stationary wedge disc 

A second experiment used the algorithm of a single disc centred on the field 
of view but consisted of 16 frames. The counts were maximum at the centre and 
varied linearly along the radius to a minimum at the outer circumference. The counts 
around any circumference remained constant (in constrast to Version 0), but the 
counts at the centre and along the radii were varied sinusoidally as the study was 
stepped through the 16 frames. The image was one of a pulsating disc of counts. 

When Version 1 was tested using the same commercial software the whole disc 
was recognized as the left ventricle both at end-diastole and end-systole so that a 
correct value of 50% was determined for the ejection fraction. The amplitude and 
phase images were consistent with the design of the algorithm but all pixels are at 
the same phase so the phase image is 'flat' and the frequency plot has only one line 
at that phase (Fig. 2). 

4.3. Version 2 — Eccentric rotating wedge disc 

The disc of Version 1 was set off-centre and, in addition to varying sinusoidally 
throughout the study was also rotated about the centre of the image (not the centre 
of the disc) to create Version 2. 

The analysis software is very sensitive to the size of surrounding box which 
is prescribed by the operator. When the box is drawn close to the disc circumference 
at end-diastole (frame 1) it is possible that part of the disc can rotate outside this 
region in later frames, thereby affecting the ejection fraction. The amplitude and 
phase images are consistent with the algorithm, but the frequency plot cannot be 
described in a succinct manner (Fig. 3). The frequency plot of phases was similar 
to that for Version 0 and cannot therefore be used as a standard. 

4.4. Version 3 — Two opposite phase wedge discs 

The fourth trial consisted of two discs, each off-centre. Each disc was similar 
to the wedge disc of Version 1 except that one was 180° out of phase with respect 
to the other. As one decreased and then increased in counts, the other increased and 
then decreased. 

The particular software package that was tested with this algorithm recognized 
the disc which was maximum in frame 1 as the end-diastole disc and failed to include 
any data from the second disc. The calculated ejection fraction was correct since the 
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end-diastolic and end-systolic regions corresponded. The amplitude and phase 
images, and frequency plot were similar to those for Version 1 (Fig. 4). 

5. CONCLUSION 

The development of software phantoms for software validation has some 
inherent difficulties due to the incompatibilities between various systems and the fact 
that data files cannot easily be transported across systems. One possible mechanism 
for overcoming these shortcomings is the use of mathematical phantoms which 
consist primarily of algorithms that establish certain count patterns suitable for 
analysis by the nuclear medicine software. 

Four software phantoms have been described which were designed to test soft-
ware which calculates the ejection fraction and performs a Fourier phase analysis on 
the data from a gated cardiac study. In each case the analysis software failed in some 
respect or another. In this particular instance, the fault lies in the fact that the soft-
ware searches inside an operator-defined box for an edge at end-diastole and uses 
the ROI thereby generated to perform phase analysis. In so doing the software 
ignores the fact that there may be some data outside that user-defined box. For 
example, it is conceivable that an aneurism may exist in the left ventricle. The infor-
mation associated with this aneurism will be outside the left ventricular region and 
the software package tested here may miss it. If an operator uses the phase analysis 
with the intent of demonstrating such abnormalities this software package might fail. 
It is also interesting to speculate on why, in those phantoms with a single phase, it 
is found at 159°. Since the maximum counts in the ROI are at 0° one would assume 
that the phase of maximum frequency will also be at 0°. Although the data are not 
presented here, the regional ejection fraction values in all of the phantoms that have 
been described are also sensitive to the selection of the centre of the left ventricle. 

The mathematical software phantoms that have been described have been used 
to validate a particular software package and have found it lacking. It fails to perform 
according to the specifications that the user assumes. It may not have failed accord-
ing to the original design specifications; however, these have not been published and 
the user has no way of knowing exactly what operational limits are imposed by the 
software. 
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A b s t r a c t 

DYNAMIC CARDIAC PHANTOMS FOR USE IN COMPUTER SOFTWARE QUALITY 
CONTROL. 

A pilot study was initiated to obtain and implement a similar set of clinical dynamic 
cardiac studies (software phantoms) on different computer systems for the purpose of quality 
control of analysis software. Normal and abnormal gated blood pool studies were collected 
and transferred between six computer systems using serial transmission. Major impediments 
in attempting to analyse the transferred data files were incomplete or missing data records 
required for the calculations. Only the left ventricular ejection fraction (LVEF) parameter 
could be analysed on all six computers. The LVEF results obtained for 10 software phantoms 
using the commercial software were similar in some phantoms but widely divergent in others. 
Development of software phantoms still requires improvement in data transfer between 
computers in order to ensure a complete file content in the transferred study, and a solution 
for the differences in acquisition protocols. In the meantime users can start to obtain their own 
set of standard studies illustrative of various clinical disorders, and share these with other 
users with the same computer type and analysis software. 

1. I N T R O D U C T I O N 

Ext rac t ing d iagnos t i c i n f o r m a t i o n f r o m d y n a m i c c a r d i a c s tud ies invo lves a 

combina t i on of cr i t ica l v i sua l app ra i sa l of t he a c q u i r e d i m a g e s , u sua l ly b y m e a n s of 

* Work supported by the IAEA under contracts 4271, 4235 and 4382. 
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a cine playback, and quantitation of images to produce functional parameters. 
Quantitation of dynamic cardiac studies necessitates reducing large amounts of image 
data to single numbers that represent physiological parameters, such as the ejection 
fraction (EF) derived from gated blood pool studies. Because such a cardiac function 
parameter has a standard definition it is assigned the same name in each computer 
program. However, the means of achieving this parameter invariably differs between 
computer programs. The programmers developing the software may work in a 
clinical environment with close access to physicians, or they may be far removed 
from the clinical scene and have little, if any, clinical knowledge. Regardless of the 
situation, the exact algorithm that is used to achieve the result is always obscure to 
the user, mostly poorly documented, and certainly not designed with all possible 
physiological variants in mind. Also, the limitations of the program are usually 
minimally described or may even be undefined. Limitations can never be absolutely 
determined — there will always be one more clinical variation that has not been 
considered where the algorithm will fail. 

In using software for quantitation, each clinic must develop its own range of 
normal and abnormal values for a specific program. When a program update or new 
computer program is implemented, or when changing to a different computer, the 
normal values and range must be re-checked and re-established. Such a comparison 
needs to be performed on the same clinical data. An available set of standard clinical 
studies that provides normal and a range of abnormal situations can assist in this 
process of checking software [1]. Such studies have been termed software phantoms 
[2-4]. Comparable to hardware quality control test phantoms, they provide consis-
tent data for repeated use. They are therefore also invaluable for training and 
continuous education in the use of software packages. 

Because of the importance of quantitation in cardiac nuclear medicine and the 
prevalence of gated cardiac blood pool studies we have concentrated on the latter 
type of dynamic cardiac study. In a pilot study we aimed at obtaining a small set of 
normal and abnormal gated blood pool studies transportable to different computer 
systems. The studies were analysed using the commercially available software to 
ensure the integrity of the transferred files. Analysis of the software phantoms 
presented problems due to the different acquisition protocols and file structures of 
the various computer systems. Results of implementation of gated blood pool cardiac 
software phantoms will be described. 

2. METHODS 

In this study, a random set of gated cardiac blood pool studies was collected. 
The phantoms were illustrative of normal and several different abnormal cardiac 
situations. The original studies were in DEC GAMMA-11 file format, and had been 
acquired using a small field-of-view scintillation camera, 32 frames per heart beat, 
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and 64 x 64 x word non-zoomed format. These studies were transferred to five 
other computer systems (Philips NPS, Picker PCS, ADAC, MDS A2 and Siemens 
Microdelta). For the Philips and Picker systems the files required only transfer to 
different magnetic media without any changes to the file structure. However, for the 
other three systems the files required not only transfer to other magnetic media but 
also reformatting of the file structure for both the image and administrative records 
in order to make the studies readable as patient files on these systems. Serial line 
interfaces between two dissimilar computers in the same department were used for 
the data transfer. This required communications software for each pair of computers 
to carry out the file transfer and reformatting. Available user written communica-
tions software was used on each computer, and the data transfer took place in univer-
sity hospitals in the Netherlands, the Federal Republic of Germany and Austria. 
Computer vendors also assisted with data transfer and reformatting, and by supply-
ing relevant information regarding file structures of their systems. The phantoms 
were then analysed on each of the six computer systems using the commercially 
available gated cardiac blood pool analysis software packages. Documentation 
accompanying each software phantom was drafted. 

3. RESULTS AND DISCUSSION 

Application of different software packages to analyse the studies on the 
GAMMA-11 based systems (DEC, Philips and Picker) was possible without major 
complication because the same standard file structure is used by these three systems. 
The similar treatment of arrhythmia in the acquisition software also meant that the 
acquired studies could be applied directly to analysis without normalization for the 
bad beat rejection criterion used at acquisition which caused drop-off in thé total 
image counts at the end of the studies due to sinus arrhythmia. 

Analysis of the software phantoms which had been transferred to computer 
systems requiring reformatting of the file structure proved more difficult. The analy-
sis software either failed to analyse the studies or could only provide incomplete 
results. This was due to differences in acquisition protocols or to missing or errone-
ous transferred data essential for the calculation of parameters. 

The non-standard file structure and administrative records of the different 
computer systems proved to be a major hindrance in achieving cardiac software 
phantoms totally compatible for different computer systems. During reformatting, 
image data needed translation because the image matrices incremented in different 
fashions. For example, the matrix on the GAMMA-11 system increments like a 
graph co-ordinate system from bottom left to top right, whereas the matrix on the 
ADAC and MDS has the more common mathematical matrix format. This was not 
taken into account in the reformatting in one computer transfer, so that the images 
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TABLE I. RESULTS OF ANALYSING TEN GATED SOFTWARE PHANTOMS 
ON SIX DIFFERENT COMPUTER SYSTEMS 

% LVEF 

Phantom 
ID 1 2 3 

Computer system 
4 5A 5B 6 

SP2001 58 56 60 61 54 56 56 

SP2002 70 67 68 68 70 51 53 

SP2003 49 72 53 49 46 12 49 

SP2004 68 64 97 74 80 71 72 

SP2005 27 31 34 24 28 34 22 

SP2006 70 72 73 68 65 65 47 

SP2007 27 28 25 28 29 27 26 

SP2008 48 60 59 52 a a 48 

SP2009 61 60 64 55 72 48 58 

SP2010 63 62 69 68 a a 56 

a Result unavailable. 

required further manipulation to orientate the images correctly before analysis could 
take place. 

The differences in administrative records stored by the various computer 
systems introduced more serious problems. Many data, such as the patient's name, 
identification number, date of study, were common to all systems, even though 
stored in different formats. The crucial problem was the discrepancy in file records 
stored during gated acquisition. For example: whereas one system records the ECG 
R-R interval, another records only the frame time; one system records the heart rate, 
another does not; one system records the number of rejected beats, another does not. 
When software accesses such acquisition data and finds them missing then errors will 
occur. In one system, a default heart rate was inserted into the transferred files of 
all the software phantoms because this record was missing in the original file. The 
resulting filling and emptying rates in the analysis from this computer was therefore 
wrong. Ensuring full and accurate data transfer from one system to another must 
therefore take into account all administrative records requiring entries. The transfer 
software used from GAMMA-11 to other systems was that available to us. It had 
not been specifically developed for gated cardiac studies, so that these aspects had 
not been taken into account. 
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These difficulties emphasize the importance of proper file transference and a 
moré thorough knowledge of the different file structures. It also places stringent 
requirements on the source files: if data records are missing but required by other 
computers then these records must still be allowed for in the transferred file. 

Owing to the difficulties alluded to, quantitation of the left ventricular ejection 
fraction (LVEF) was the only parameter which could be determined on all systems 
without apparent failure of the software. Nevertheless, one analysis program failed 
not because of missing administrative data but because the studies showed a fall-off 
in total image counts during the last few frames of the studies due to sinus 
arrhythmia. This analysis program assumed that the study had been normalized to 
give the same total count within each frame of the gated study. 

The global LVEF obtained from analysis of ten gated blood pool studies using 
the commercial software of six computers is shown in Table I. Columns 5A and 5B 
are the results from two different software packages for determining global LVEF 
on the same computer: program 5B was intended as a replacement for program 5A. 
Some results in Table I agree well, whereas others show wide divergence. Results 
which showed greater variance arose from those phantoms in which cardiac struc-
tures were less well defined or in which statistics were deficient. This emphasizes 
that not all programs are equal with respect to processing clinical studies which are 
less than optimal or are unusual. In columns 5A and 5B, the results represent a 
comparison of two different algorithms on the same computer system, and confirmed 
the suspicion that algorithm 5B was unsatisfactory. 

Another outcome of these analyses emphasizes the need for the operator to 
understand the assumptions under which the software operates. The software 
phantoms in Table I were all acquired in non-zoomed format. However, the 
algorithm used in computer 1 was written specifically for the analysis of zoomed 
data. This algorithm was essentially being used inaccurately to quantitate these soft-
ware phantoms. However, although it was difficult to detect errors in the global ejec-
tion fraction results, an unrealistic regional ejection fraction of greater than 100% 
was obtained in several phantoms and this alerted us to such problems. 

4. CONCLUSION 

The implementation of similar gated blood pool studies on dissimilar computer 
systems has revealed many discrepancies in file structures and content between 
systems. Data transfer between computers must first be improved before software 
phantoms, compatible with different systems, can be further developed. Gated blood 
pool studies require extra precautions due to the specific acquisition requirements of 
each system. Even though gated software phantoms compatible with different 
computer systems are not as yet easily available, users can form their own library 
of software phantoms. These phantoms can be shared with others using the same 
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c o m p u t e r type a n d analys is s o f t w a r e ; u s e d f o r t r a in ing of p e r s o n n e l ; u s e d f o r pe r i -

od i c checks to e n s u r e that t he ana lys i s p r o c e d u r e has no t b e e n c h a n g e d ; and u s e d f o r 

c h e c k i n g u p d a t e s to the s o f t w a r e . 
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DISCUSSION ON PAPERS 
IAEA-CN-304/22 AND IAEA-CN-304/44 

A speaker commented that it was difficult for manufacturers to develop accept-
able software packages giving results consistent with those obtained with the pack-
ages of other manufacturers, because of operator dependent factors such as selection 
of ROI and centroid points, choice of algorithms and so on. A step towards achieving 
uniform results would be the use of standard procedures and protocols. 
Mr. Cradduck rejected this view, contending that to standardize acquisition and 
analysis protocols would be tantamount to suppressing development. What was 
needed in his opinion was to have programs that were completely documented, with 
detailed indications of the clinical and operational conditions for which the program 
was valid and the limits within which the algorithms could be expected to function 
properly. Manufacturer's software was not necessarily to blame if inconsistent 
results were obtained. More often than not, the reason lay in the routine use of a 
program that was, in point of fact, still under development. 
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Abstract 

UTILIZATION OF NUCLEAR MEDICINE COMPUTER SYSTEMS FOR QUALITY 
ASSURANCE, TRAINING AND COMMUNICATIONS. 

For economic reasons, computers have in the past been beyond the .reach of many 
developing countries. This is now changing. Most new cameras come with integrated com-
puter systems at little extra cost. In addition to the major benefits of being able flexibly and 
accurately to acquire and analyse functional data, the computer offers other important, but less 
often utilized, capabilities in the areas of quality control, training and communications. This 
paper sets out to encourage the fuller exploitation of the computer's potential in these areas. 
Such exploitation, which would be aided by the adoption of standards for. gamma camera 
quality control measurements and image data file formats, should help to accelerate thé estab-
lishment of state of the art facilities for dynamic functional studies in developing countries. 

1. THE NEED FOR S T A N D A R D S 

, The diagnostic medical imaging field is at present characterized by a marked 
lack of standardization. Nuclear medicine is no exception. The lack of standardiza-
tion is hindering the proper utilization of computers in nuclear medicine. This is of 
particular relevance to .the developing countries, which are in a relatively dis-
advantaged position to deal with the problems. 

The Technical Standards Committee (TSC) of the Australian and New Zealand 
Society of Nuclear Medicine (ANZSNM) was established in 1986. Among its aims 
was to encourage, wherever possible, the standardization of nuclear medicine proce-
dures within Australia and New Zealand, particularly in the area of quality control. 
The TSC has made some progress in the quality control of instrumentation, in soft-
ware phantoms, and is currently addressing the development of a standard file format 
for the exchange of image data between computer systems of different manufacture. 

* Current address: Institute for Medicine, Nuclear Research Centre, Jülich, Federal 
Republic of Germany. 
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Through the establishment of standards, workers in nuclear medicine through-
out the world should be able to communicate better, and hopefully their clinical 
results will be intercomparable. Of particular relevance to developing countries, 
through the eventual widespread adoption of standards, the provision of support from 
overseas centres will be simplified, and the possible kinds of support expanded. 

2. THE COMPUTER IN QUALITY CONTROL (QC) 

2.1. Gamma camera QC 

Today the performance of gamma cameras is such that visual interpretation is 
not sufficient to maintain a gamma camera at its optimum performance. Instead, 
digitized images should be acquired on computer, and analysed by software, to 
obtain numerical parameters of performance [1, 2]. Parameters which can be 
obtained in this way include uniformity, resolution, linearity, high count rate 
performance, and centre of rotation offset (in SPECT). 

The computerization of gamma camera QC eliminates the subjectivity of 
human visual interpretation, allows increased accuracy, and a wider range of QC 
parameters. The computer is also well suited to the storage of the performance 
history of each camera. This allows trends in parameters to be detected, and 
corrected where necessary. 

To be useful, gamma camera QC checks naturally need to be performed 
regularly, so that problems do not go undetected for long. On the other hand, in a 
busy nuclear medicine centre, particularly where resources are limited, time for QC 
is hard to schedule. The danger then is that QC will be given low priority, and as 
a result, the quality of the service may suffer. Clearly, as much as possible must be 
done to make regular QC feasible and palatable. Also, if parameters and protocols 
for measurement and analysis are standardized, results from different institutions can 
be compared. 

The National Electrical Manufacturers Association (NEMA) has defined 
protocols for factory measurement of new gamma camera performance [3]. 
However, these protocols were not intended (and are quite impractical) for routine 
measurements in the field [4-6]. In view of this, staff at the Royal Prince Alfred 
Hospital and the St George Hospital set out to define variants of the NEMA protocols 
which were practical for routine use [7]. 

Several Australian nuclear medicine departments have successfully incorpo-
rated computerized QC into their routine clinical workload, using protocols and 
phantoms now recommended by the TSC, and a software package developed by the 
two hospitals. In implementation, QC procedures have been, as far as possible, 
automated to minimize the likelihood of human error. All gamma cameras within a 
department undergo the full range of QC checks on a rotation basis according to a 
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preset schedule. QC analysis programs are automatically invoked at the completion 
of acquisition, and results stored automatically in a database. The database allows, 
for example, the time course of any parameter to be displayed graphically. 

In our experience, the QC database approach has many advantages. We find 
that degradations in performance which would otherwise go unnoticed are being 
detected. Service personnel who might otherwise believe that a camera is functioning 
perfectly can be shown evidence to the contrary and requested to restore performance 
to its former level. Frequently a deep seated problem is detected in this way. 

Through defining gamma camera QC standards, minimum acceptable 
performance standards for gamma cameras can be defined based on clinical 
experience [8]. These standards can be revised as technology improves and provide 
criteria under which cameras can be declared unsuitable for clinical use. 

The TSC intends to compile a database of camera performance throughout 
Australia and New Zealand, which will be maintained on an annual basis. The aim 
is to: 

(a) provide feedback to users and manufacturers on performance relative to other 
similar instruments of similar vintage, 

(b) identify any instrument whose performance is poor compared to similar 
models, 

(c) demonstrate the benefits of computerized QC procedures to all centres in 
Australia and New Zealand. 

Once again, this is only possible by virtue of standards having been defined. 
Unfortunately, the QC analysis programs only run on DEC hardware at present. So 
only systems with an interface to DEC (DEC, MDS, and GE) can participate at this 
stage. Fortunately this covers a large number of systems in our region. The others, 
Toshiba, Elscint, Siemens, Technicare, Adac and Informatek, cannot participate. 
This highlights the problem of non-standardization of image data formats between 
the various nuclear medicine equipment suppliers. Also, in general, manufacturers 
are reluctant to release their own in-house QC programs. 

The guidelines being developed by the TSC could be used to implement practi-
cal and useful camera quality control procedures in developing countries. Where 
appropriate QC analysis software is unavailable, data can (in some cases) be trans-
ferred to another department for analysis. 

2.2. Software QC 

All manufacturers of nuclear medicine computer systems offer clinical analysis 
programs. In addition, a large number of user-written analysis programs are in clini-
cal use. Unfortunately, it is not known how the results of individual programs 
compare with all the others. Therefore results published by one group may not be 
applicable to another, and patients transferred between hospitals may not have 
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comparable test results. To counter this, the concept of software phantoms has been 
developed. A software phantom is simply a typical set of studies of a particular type, 
which can be analysed, for example, at centres using different hardware and software 
packages and the results compared. 

Clinical analysis programs are seldom completely automatic. Usually the 
results are influenced significantly by decisions made by the operator during 
analysis. (Obviously operators need to be properly trained.) Software phantoms 
allow statistical analysis of differences between centres, programs and operators. For 
example, differences in results obtained at different centres using the same program 
can reveal differences in philosophy or technique, and perhaps errors therein. 
Operators can also be compared with each other. If a particular operator produces 
significantly different results compared with the rest, the reason can be investigated. 

In 1986, the TSC undertook its first software phantom project. A set of 
24 gated cardiac blood pool studies (12 rest, 6 pre-exercise; and 6 peak-exercise) 
was circulated to nine institutions using DEC equipment, and five using MDS, in 
Australia and New Zealand [9] The aims were: 

(a) To determine if there were significant differences in results for left ventricular 
ejection fraction (LVEF) and left ventricular exercise response (LVER) 
between (a) computer systems, (b) institutions, and (c) operators; 

(b) To allow institutions/operators to assess their performance relative to a large 
pool of data. 

To compare the DEC and MDS analysis programs, the mean LVEF result 
obtained from each study on each system was calculated. These means were then 
subjected to linear regression. The results showed close agreement between the two 
computer systems: 

LVEF 
Rest MDS = 2 . 3 3 + 0 . 9 9 X DEC 
PreExer. M D S = 0 . 5 0 + 1 . 0 2 x D E C 
Peak Exer. M D S = —2.8 + 1 .05XDEC 
All data MDS = 1 . 4 0 + 1 . 0 0 x DEC 

LVER 
All data MDS = - 0 . 6 3 + 0 . 7 8 x D E C 
One excl. MDS = - 2 . 9 0 + 1 . 0 2 x D E C 

r = 0 . 9 9 5 s = 2 . 1 % 
r = 0 . 9 6 s = 4 . 5 % 
r = 0 . 9 9 6 s = 1.6% 
r = 0 . 9 9 s = 2 . 6 % 

r = 0 . 9 8 s = 2 . 1 % 
r = 0 . 9 7 s = 1 . 5 % 

Other interesting findings included: 

(a) The standard deviation in results obtained by operators at the same institution 
was typically about half that between operators at different sites. This perhaps 
reflects the effect of differences in analysis philosophies at different institutions 
— even those using the same equipment and software. 
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(b) The most experienced operator (8 years) returned results very close to the 
mean of all participating operators. Some operators were consistently well 
below or above the mean result. 

Each operator was given an operator performance index, calculated as the 
summed squared deviations from the mean results. The same data were analysed 
using the semi-automatic protocol on a single Elscint system with excellent results 
for rest ratings, but less reliable results for exercise ratings. 

During 1988, further software phantoms will be circulated to GE users. An 
early result from the first GE user suggests the possibility of a significant underesti-
mation of LVEF on GE equipment relative to DEC/MDS (mean difference = 
- 1 8 . 3 , SD = 15.24 EF units). In particular, difficulty was experienced when 
analysing data acquired with a slant hole collimator, perhaps indicating a need to use 
data relevant to the particular system. Further software phantoms are currently being 
prepared for investigation of renal analysis. 

The type of information which we have seen can be obtained from software 
phantoms would be of great benefit to centres in developing countries establishing 
computing facilities for the first time. Through software phantoms, they would have 
an opportunity to compare their results directly with those obtained in more 
experienced centres. 

Unfortunately, the distribution of software phantoms is restricted by the same 
problem which limits the compilation of a gamma camera performance database — 
the incompatible image file formats of the various manufacturers. 

2.3. Software phantoms as training aids 

Software phantoms can also be used for training new operators. The mean 
results form a useful baseline for comparison. Further, they can expose students to 
a wide range of clinical conditions. In a less formalized training situation, as 
encountered for example in in-service training or self-teaching, software phantoms 
provide the student with important feedback on performance. 

An operator should be capable of handling unexpected situations with a 
scientific approach. In particular, he/she heeds tó be aware of software limitations. 
Specially chosen, or synthesized, software phantoms could be used to assess a 
trainee's reaction to such situations. 

3. COMMUNICATIONS 

As already mentioned, the incompatibility of file formats and magnetic media 
used by the various nuclear medicine manufacturers is a matter for sërious concern. 
It is imposing limitations on the free exchange of clinical data between institutions, 
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and even within institutions. In former times, computers and cameras were often 
purchased separately. It was possible for an institution to stay with one type of 
computer, and select whichever camera best met the prevailing requirements. Now 
that many cameras have integrated computers, institutions selecting cameras on 
imaging quality alone are finding that they are acquiring a variety of completely 
incompatible computer systems. 

Of course, these problems extend to developing countries, limiting the extent 
to which image data can be exchanged, and hence the amount and type of support 
which can be provided by centres in other countries. 

It would not be realistic to suggest that all manufacturers should change over 
to a common image data file format. A practical alternative would be for all 
manufacturers to provide software for converting between their own format and a 
yet to be defined common format for exchange purposes. This approach minimizes 
the number of programs which will need to be written to render all systems 
compatible. The total software effort would be much less than if the current approach 
continues, where a special one-to-one program is being written on each system for 
each other system as required. Some systems have already been programmed for at 
least four other vendors. 

It should be made clear that a standard image data file format would not 
address the problem of physically transferring data between systems. It would 
merely allow data, once transferred, to be used on any other system. The physical 
transfer could be achieved by whatever means is available, e.g. magnetic media, 
network, or modem. Generally, this is a much simpler problem than converting a 
foreign file format. The latter requires very detailed information and is most easily 
(and reliably) performed by the manufacturer. 

The TSC has begun the task of defining a standard file format for nuclear 
medicine image data exchange. Its approach is based on that of the American 
Association of Physicists in Medicine (AAPM) Report No. 10, which defined a 
recommended standard format for image data exchange on magnetic tape. A particu-
larly attractive aspect of this format is that administrative data (i.e. information 
describing the image(s) with which it is associated) is stored as ASCII 'key-value' 
pairs. An example of a key is 'Patient name'. A patient's name would be stored as: 

Patient name : = John Bloggs 

The AAPM report defined a limited number of keys for general image data. 
Importantly, it is willing to maintain a library of recognized keys. To adapt the idea 

, to nuclear medicine data, one only has to define the necessary additional keys. Keys 
can be defined as optional (e.g. 'Collimator'), or obligatory (e.g. 'Study type'). 

This approach is very different to the rigid fixed formats used by manufac-
turers until now. Key-value pairs can be stored in any order and be of any 
(reasonable) length. Space need only be allocated to those keys actually stored, not 
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to all possible keys. New keys can be readily added to the library, and obsolete ones 
deleted. In addition, all administrative information is readily interpretable and 
alterable by a human being, rather than being a confusing mixture of floating-point, 
byte, integer and ASCII codes. 

When the format definition has been completed, appropriate software will need 
to be developed on as many computer systems as possible. Perhaps the IAEA could 
play a role here, encouraging manufacturers to write compatible software. 

All computers have (in theory at least) the capability to interface to local and 
international telephone networks through a modem. In the case of nuclear medicine 
computer systems, the hardware and software to support a modem should be avail-
able as an 'optional extra' at low cost. Once connected to the telephone network, 
many useful possibilities open up. For example, international electronic mail facili-
ties could be available on a larger computer nearby. 

International electronic mail is very inexpensive and efficient. It can be used 
to transfer messages and software (as source code) alike. It would perhaps be worth-
while to establish formal links between centres in developing countries and co-
operative centres elsewhere with similar computer equipment. 

Modems also make direct file transfer between systems possible. Both image 
data and ready-to-run programs can be moved quickly from one place to another via 
modem. Despite the cost of long distance telephone calls, this method can be cost-
effective. For example, in Australia the cost of moving a program from Sydney (on 
the east coast) to Perth (on the west coast) by modem during business hours compares 
favourably with the cost of postage and packaging. Naturally no postal service, or 
even courier service, can compete with the speed of modem transfer. In addition, 
no time is wasted preparing, packaging and despatching a disc or tape, which is 
normally a hidden cost. 

We have no experience of the feasibility of international data transfer over 
normal telephone connections. This needs to be investigated. It is potentially of great 
importance to centres in developing countries. For example, difficult cases could be 
transferred to another centre for a second opinion. Programs could also be trans-
ferred in this way if needed urgently. In addition, the possibility exists for software 
problems to be fixed remotely. For example, if a piece of software becomes 
corrupted or is inadvertently deleted, it is quite feasible for a software support 
specialist in another city or country to dial in and fix the problem. Once again, the 
IAEA may be interested in investigating these possibilities at the international level. 

4. CONCLUSIONS 

Some of the capabilities of nuclear medicine computer systems, in QC, training 
and communications, are not ordinarily exploited by all manufacturers. These capa-
bilities are of particular relevance to centres in developing countries establishing 
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computer facilities for the first time. Work carried out towards standardization of 
practical gamma camera quality control procedures, the distribution of software 
phantoms, and the definition of a standard format for image data exchange will, it 
is hoped, be beneficial to developing countries, despite the current restrictions limit-
ing the free exchange of both clinical and QC image data. 
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DISCUSSION 

A speaker commented that a worldwide academic computer network for elec-
tronic mail existed and could be used for regular communication of data. A European 
component of this network was known as EARN and a North American component 
as BITNET. . 
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Abstract 

PROBLEMS WITH CHECKING EJECTION FRACTION RESULTS USING 
COMMERCIAL CARDIAC PHANTOMS AND SOFTWARE. 

The performance of software for measurement of left ventricular ejection fraction in 
three different nuclear medicine computer systems was examined using two commercially 
made cardiac phantoms. In some combinations, the results proved to be inaccurate and/or vari-
able. Inaccuracy was traced to poor phantom design and the variability to software perfor-
mance. The results show that individual phantom/software combinations should be 
investigated thoroughly before their introduction for routine quality assurance. 

1. INTRODUCTION 

Most data acquisition and analysis systems for gamma cameras how include 
software for the measurement of left ventricular ejection fraction (LVEF) from 
multiple gated acquisition of cardiac images. This software has enabled the routine 
measurement of cardiac function in many nuclear medicine departments without 
recourse to sophisticated equipment and expertise. 

Cardiac phantoms are often used to validate the accuracy of LVEF measure-
ments and to check for constancy during routine quality assurance. Several commer-
cial cardiac phantoms are available for this purpose. The present studies demonstrate 
the value of taking a critical approach to the performance of the phantom and to the 
performance of the software. The former may well have an impact on the accuracy 
of results and the latter on their reproducibility. 

The studies were performed in three hospitals each having the same large field 
of view gamma camera (IGE Maxicamera 2) but different data acquisition and analy-
sis systems, each with LVEF software. These systems were a Technicare MCS 560, 
an IGE Star and a DEC Gamma-11 computer. 
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2. VANDERBILT CARDIAC PHANTOM 

The phantom (Capintech Inc., Pittsburgh) consists of two ellipsoids with 
orthogonal major axes rotating on a common axis (Fig. 1) and representing the left 
ventricle and left atrium. The ellipsoids are filled with 99Tcm solution and sited in 
a water bath. The speed of angular rotation can be altered to simulate different heart 
rates. As supplied, a stationary 'background' compartment filled with 99Tcm is 
positioned behind the ellipsoids on the opposite side from the gamma camera; this 
represents the activity in the right ventricle, lungs and descending aorta. An attenua-
tor rotates with the ellipsoids and passes between the gamma camera and the ellip-
soid, representing the left ventricle once per rotation. This produces a drop in 
detected counts which simulates the contraction of the ventricle. Three attenuators 
with low, medium and high absorption are supplied to give nominal ejection fractions 
of 25%, 50% and 75%. An ECG pulse generator is synchronized to the rotation of 
the ellipsoids and provides a trigger signal for data collection. 

Initial studies were performed using the DEC Gamma-11 software. Twenty-
four frames were collected in each heart cycle and imaging terminated after 600 
cycles. This corresponded to 150 to 200 к counts per frame. A heart rate setting of 
30 was used on the phantom, corresponding to a nominal heart rate of 60 beats/min. 
Results were processed using a semi-automatic edge detection routine. Five repeat 
measurements were made. 

The results (Table I) showed considerable discrepancies from the nominal 
values. Similar differences have been reported elsewhere [1]. Further experiments 
were made to elucidate the problem and these are summarized in Table II. Measure-
ment of the absorption of the three attenuators using a small source of 9 9Tcm gave 
values closer to the nominal values. Measurements of the count rates with the phan-
tom fixed at the systolic and diastolic position but with no background radioactivity 
gave similar results but the presence of background radioactivity again elevated the 
results to fractions similar to those observed during normal operation. 

Diastole Systole 

-Gamma camera 

FIG. I. Unmodified Vanderbilt phantom at diastole and systole. 
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TABLE I. M E A N EJECTION FRACTION (%) FOR DEC GAMMA-11 
SOFTWARE - NORMAL OPERATION 

Nominal 
Low 
25 

Medium 
50 

High 
75 

Measured 36 64 94 

TABLE II. M E A N EJECTION FRACTION (%) FOR DEC GAMMA-11 
SOFTWARE — STATIONARY CONDITIONS 

Nominal 
Low 
25 

Medium 
50 

High 
75 

Source 
attenuation 

28 58 82 

No background 
radioactivity 

29 53 77 

Background 
radioactivity 

26 62 95 

Unmodified Modified 

Gamma camera 

FIG. 2. Unmodified and modified Vanderbilt phantom at systole. 
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TABLE III. M E A N EJECTION FRACTIONS (%) MEASURED WITH 
THE UNMODIFIED A N D MODIFIED VANDERBILT 
CARDIAC PHANTOMS 

Nominal ejection fraction 

Software 25 50 75 

U M U M и M 

MCS 560 38 29 65 57 88 81 

Star 35 26 61 46 89 74 

Gamma-11 35 26 62 50 92 77 

U = unmodified, M = modified. 

Poor design of the phantom has previously been reported [2]. These results 
confirm that view and in particular concern the positioning of the background region. 
The left ventricular region includes counts from the background compartment and 
in systole the attenuator also passes between the gamma camera and the background. 
The attenuator therefore reduces the background counts over the left ventricular 
region during systole but not in diastole and will produce an overestimate of the ejec-
tion fraction. 

The phantom was modified by repositioning the background compartment 
between the phantom and the gamma camera (Fig. 2). Data were collected as before 
on the three data acquisition systems. The results are given in Table III, and the 
closer agreement between measured mean values and the nominal values is clearly 
seen. The validity of arranging that the left ventricular background counts are not 
affected by the attenuation is demonstrated. 

3. SOFTWARE VARIABILITY 

From the repeat data on the unmodified and modified Vanderbilt phantoms, the 
standard deviation of the five measures of ejection fraction was also calculated for 
each attenuator setting. These results, expressed as coefficients of variation, are 
given in Table IV. The results for the Star software with the unmodified phantom 
show an unacceptable high range of variation which is substantially reduced when 
the modified phantom is used. However, even with the modified phantom the varia-
bility remains larger than with the other two software packages. 



IAEA-SM-304/71 513 

TABLE IV. VARIABILITY OF EJECTION FRACTION MEASUREMENTS 
WITH THE MODIFIED A N D UNMODIFIED VANDERBILT 
CARDIAC PHANTOMS 

Nominal ejection fraction 

Software 25 50 75 

U M ' ' U M U M 

(Coefficients of variation: %) 

MCS 560 5.9 5.1 2.2 3.1 1.7 1.3 

Star 31.9 6.6 18.6 10.3 1.5 4.5 

Gamma-11 2.9 7.7 3.2 4.4 0.9 3.5 

U = unmodified, M = modified. 

TABLE V. M E A N EJECTION FRACTIONS (%) MEASURED 
WITH THE BROOKHAVEN PHANTOM 

Nominal ejection fraction 

Software 40 50 

Mean SD CoV (%) Mean SD CoV (%) 

MCS 560 39.8 1-7 4.3 60.6 2.3 3.8 

Star 40.8 22.7 55.6 56.8 1.7 3.0 

Gamma-11 38.6 1.8 4.7 59.8 1.7 2.8 

SD = standard deviation, CoV (%) = coefficient of variation. 

4. BROOKHAVEN PHANTOM 

This phantom (Atomic Products Corporation, New York) has a simple design 
and does not attempt to give images resembling cardiac images. A fixed compart-
ment containing 9 9 Tc m represents the left ventricle and a curved plate rotating 
above it attenuates the count rate, producing an activity/time curve similar to those 
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TABLE VI, COMPARISON OF M E A N M A N U A L A N D 
AUTOMATIC COMPUTED EJECTION FRACTIONS 

Nominal ejection fraction 
Phantom 2 5 4 0 5Q 6 0 7 5 

Vanderbilt +6.2% - +8.4% - +9.9% 
unmodified 

Vanderbilt -2:8% -2 .9% - -2 .4% 
modified 

Brookhaven - -0 .6% - -2 .6% 

Difference = Automatically computed LVEF (%) - Manually computed LVEF (%). 

of clinical studies. Two plates are available to produce ejection fractions of approxi-
mately 40% and 60%. A uniform background source is positioned between the 
attenuator and the gamma camera. Five measurements of LVEF at each attenuator 
setting were made for each of the software packages under the same conditions as 
the Vanderbilt phantom. The results are given in Table V. All three software pack-
ages determined accurate mean values of the LVEF but the Star software again 
showed great variability with the 40% attenuator. 

5. M A N U A L MEASUREMENTS 

The background compartments could be removed in both phantoms, enabling 
'manual' measurements to be made. Ejection fractions were determined by drawing 
regions of interest on static computer images at diastole and systole. Variability was 
investigated by applying the same regions of interest to all five pairs of images. The 
results from the three different software packages were pooled to compare manual 
and automatically computed injection fractions. The differences from the manual 
values are given in Table VI. The unmodified Vanderbilt phantom consistently over-
estimates the manual ejection fraction, whereas the modified phantom yields 
considerably more accurate values with possibly a small underestimate. Good agree-
ment between the manual, and computed ejection fractions was observed with the 
Brookhaven phantom. 
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6. CONCLUSIONS 

The present data show that systemic errors in the determination of ejection 
fraction can arise from poorly designed phantoms and that variability can arise from 
the software performance. The high variability of the Star software can be explained 
by examination of the algorithm. In this case, the analysis is fully automatic, requir-
ing only a set of appropriate images to compute LVEF, normally without operator 
intervention. To work adequately, the simulated left ventricle must be of the correct 
size, shape and contrast. The algorithm searches the diastolic image for the maxi-
mum pixel count, which, in the clinical situation, will normally be in the left ventrir 
cle. However, with the unmodified Vanderbilt phantom, the selected maximum pixel 
count occurred within the left atrium, and operator intervention was required to iden-
tify the left ventricle of the phantom. In contrast, the MCS 560 and Gamma-11 soft-
ware was semi-automatic and required the operator to outline a region of interest 
over an area including the left ventricle and as little of the right ventricle and atrium 
as possible. These algorithms are clearly better suited to deal with the data produced 
by cardiac phantoms. 

These studies show that cardiac phantoms should not be introduced to calibrate 
and monitor the performance of LVEF. software without careful evaluation of their 
performance. The value of cardiac phantoms for system calibration is doubtful. 
Individual software/phantom combinations need to be checked for reproducibility of 
results before they enter routine use in quality assurance. The more sophisticated 
software appears to have the greatest potential for error. 
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DISCUSSION 

A speaker agreed with Mr. Horton as to the inadequacy of the unmodified 
Vanderbilt phantom. In her experience1 , this phantom was quite unsuitable for the 
quality control of software for the evaluation of left ventricular ejection fraction. She 
expressed surprise that it was still in production in its unmodified form. 

1 BUSEMANN-SOKOLE, E., CRADDUCK, T.D., Thé use of phantoms for quality 
control in gated studies, J. Nucl. Med. Technol. 13 (1985) 5. 
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A speaker commented that a phantom should always have specifications better 
than those of the situation and the instrument for which it was to be used. Mr. Horton 
concurred, adding that this was especially true in SPECT. 

A speaker made the general observation that problems of intercomparability 
of results often arose when the data of dynamic studies were reduced to yield a value 
for a single numerical parameter such as ejection fraction. He stressed that a univer-
sal 'measuring stick' might not exist for such purposes, especially if medical physi-
cists were not available to undertake the necessary validation of techniques. Small 
hospitals and clinics had still to depend on whatever services they could obtain from 
manufacturers in this regard. Even where a regular instrument quality control 
programme was in force, it could do no more than ensure reproducibility of instru-
ment performance. A partial solution to this problem lay in the distribution on floppy 
disk of approved reference data from typical clinical studies. Such data could then 
be processed by each recipient institution at regular intervals, and the results com-
pared with those obtained under optimum operating conditions, for example during 
acceptance testing of the instruments used. 

Mr. Horton commented that the need for medical physics services in nuclear 
medicine could be satisfied by the introduction of national legislation requiring that 
such services were available to any medical institution in which nuclear medicine 
was practised. Such legislation was already in force in the United Kingdom. 
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Abstract 
QUALITY CONTROL FOR DYNAMIC STUDIES: THE INTER-LABORATORY 
COMPARISON APPROACH FOR SCINTILLATION CAMERA-COMPUTER SYSTEMS. 

Quality control techniques for cardiac dynamic studies are not generally performed by 
laboratories since the phantoms available are expensive. To provide a method to evaluate the 
performance of such laboratories the Imaging Resource Committee decided to introduce inter-
laboratory comparisons using a simùlator named the 'Danbury Heart'. To date three surveys 
have been performed. The paper discusses the results of these. 

The College of American Pathologists (CAP) Series X Survey Program has 
been described previously and results have been published [ 1 , 2 ] . In addition, 
methods and techniques developed by the CAP Nuclear Medicine Resource Commit-
tee (NMRC) have been adapted by the World Health Organization (WHO) for 
surveys performed in Latin America and Europe in collaboration with the Interna-
tional Atomic Energy Agency [3, 4]. Currently, the program is co-sponsored by the 
American College of Nuclear Physicians (ACNP), the Society of Nuclear Medicine 
(SNM), and CAP. The NMRC has been renamed the Imaging Resource Committee 
(IRC). 

Quality control techniques for cardiac dynamic studies are not generally used 
by laboratories performing this useful procedure because the phantoms available are 
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FIG. 1. Results from TSB-85. 

expensive and their use is to some extent cumbersome. To provide a method to evalu-
ate the performance of such laboratories for this procedure the IRC decided to 
introduce the method of inter-laboratory comparison or proficiency testing using for 
this purpose an especially designed transmission imaging simulator (TIS) named the 
'Danbury Heart' (see Appendix I). 

When properly used, the devices mimic a MUGA cardiac study in the left 
oblique projection. 

To date three surveys have been performed (TSB-85, TSB-86 and TSB-87). 
TSB-85 was designed to simulate a normal cardiac function study, TSB-86 a signifi-
cantly decreased ejection fraction due to hypokinesis, and TXB-87 a study with 
moderately severe arrhythmia. 

To evaluate the variation of ejection fractions between 'phantoms', 
72 randomly selected units were tested by a member of the Committee (T.C.) prior 
to shipment of the devices for the first study. Each of the phantoms was tested using 
a Searle 37 tube HP standard field of view (SFOV) camera and a Technicare 560 
computer. The ejection fractions obtained had a mean value of 52% with á standard 
deviation (SD) of 1.6% and a range from 47% to 56%. 

Ninety-two participating laboratories submitted 185 studies. Gamma cameras 
employed in the study represented all the major manufacturers. The mean ejection 
fraction (MEF) for the entire group was 57.0% with an SD of 6.29%, coefficient 
of variation of 11.04% and range of values from 38% to 77% (Fig. 1). One in every 
five responses was considered unsatisfactory,and the standard deviation of 6.29% is 
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considerably greater than what is normally estimated. The MEF of 114 determina-
tions obtained on SFOV cameras was 58% with a SD of 6.3%, and of 71 determina-
tions obtained with LFOV cameras was 54.9% with a SD of 6.3%. 

In 145 determinations obtained using low energy all purpose collimators the 
MEF obtained was 56.5% with a SD of 6.4%. With high resolution collimators the 
MEF in 35 determinations was 60.4% with a SD of 5.1 %. High sensitivity collima-
tors were used in 15 determinations. The MEF was 54.9% with a SD of 4.8%. 

The MEF that was obtained utilizing a 32 X, 32 matrix in 22 determinations 
was 58.1% with a SD of 8.8%; while using a 64 x 64 matrix in 170 determinations 
it was 57.0% with a SD of 5.9%. In five determinations with a 128 :x- 128 matrix, 
the MEF was 53.4%. 

Sixteen frames per cycle were utilized in 97 determinations. The MEF was 
55.2% with a SD of 6.6%. The MEF in 22 determinations utilizing 32 frames per 
cycle was 59.1% with a SD of 4.1%. 

For the most part participants used smoothed images. Only a small group 
performed the determinations without smoothing. No significant differences were 
observed. 

In 33 determinations a fixed left ventricular region of interest (ROI) was used, 
and the MEF was 55.5% with an SD of 5.9%. In 164 determinations a variable left 
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FIG. 2. Ejection fraction: TSB-86. 
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ventricular ROI was employed. The MEF for this group was 57.4% with an SD of 
6.4%. Data on peak and average filling and emptying rates had such a large SD that 
a valid interpretation was not possible. The questionnaire employed did not include 
sufficient data to evaluate accurately the method used by participants, nor were there 
enough data in terms of stroke volumes per second and in terms of end diastolic 
volumes per second to permit appropriate analysis. 

In the second survey (1986), 117 participants submitted results that produced 
a MEF of 24.2%, with a SD of 5.4% (Fig. 2). Participants were encouraged to 
calculate the EF of the phantom using as many differing hardware and software 
combinations as they desired, but to indicate the value obtained with their routine 
clinical protocol by listing it as number one. The mean and the SD of 63 such desig-
nated values were 22.9% and 3.9% respectively. The coefficient of variation for this 
group thus was 17%, a value that the Committee considers disturbingly high. Part 
of this variability may be accounted for by the fact that the phantom changes configu-
ration between end-diastole and end-systole in only two dimensions, while the 
patient's heart changes configuration in three. Some computer software protocols 
will thus not.produce accurate EF values of the phantom. 

• To establish a 'gold standard', the Committee selected six phantoms at random 
and determined their ejection fractions by a highly accurate and highly precise plani-
metric method. The mean of these determinations was 21 % and the SD was 1.8%. 
The lightly lower figures obtained by planimetry compared with participants' results 
may be explainable on the basis of the previously mentioned two versus three dimen-
sional problem, and also on the basis of the shape of the phantom's left ventricle. 
As mentioned before, the superior aspect of the left ventricle is stationary in the 
Danbury heart. Edge detection computer programs may not be able to deal 
accurately with this unphysiological configuration. In addition, the pericardiac back-
ground of the phantom is higher than that ordinarily found in clinical studies, another 
source of difficulty for computer programs. 

The phantom simulated the cardiac image obtained in the left anterior oblique 
projection with visualization of the posterolateral portion of the free wall of the left 
ventricle. This area had no moving plate and was thus 'akinetic'. Eighty-three per 
cent of participants considered this area akinetic or markedly hypokinetic, while 11 % 
considered it mildly or moderately hypokinetic. The remaining 6% incorrectly 
labelled it either normal or dyskinetic. 

Evaluation of the infero-apical region of the left ventricle proved more difficult 
for participants. Since only one of the plates of the phantom moved here, this region 
was hypokinetic. Sixty-nine per cent of participants identified this region as hypoki-
netic, 17% considered it normal and 14% called it akinetic or dyskinetic. 

The interventricular septum was considered normal or only mildly hypokinetic 
by 85% of the subscribers. Most of the remainder considered it either moderately 
or markedly hypokinetic. Figure 3 summarizes the above data in graphic form. 
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Examination of the 'clinical protocol' responses indicated that 46% of 
subscribers used a standard field of view camera; 43 % used a large field and 11 % 
used some other configuration. This confirms the popularity of large field of view 
cameras and suggests that in smaller departments these may well be the only instru-
ments available. 

The mean number of cardiac cycles imaged was 1008 (SD = 24). The number 
of cycles imaged varied from 24 to 5000. The larger the number of cycles imaged, 
the better the statistics and the more precise the result. 

It is encouraging that all but one of the cameras used had at least 37 photomul-
tiplier tubes, despite the fact that 26% of the cameras were manufactured or 
upgraded prior to 1980. 

Ninety-four per cent of participants divided the cardiac cycle into 16 or 32 
frames, with the majority selecting 16 frames. This is to some extent determined by 
the computer software. Increasing the number of frames increases accuracy only if 
sufficient cardiac cycles are imaged to provide adequate statistics. 

An overwhelming majority, 86%, of subscribers used a 64 X 64 matrix size, 
with 11 % using 32 X 32 and 3% using 128 X 128. A 64 x 64 matrix is large enough 
for accuracy and small enough to obtain good statistics with standard user protocols. 
The Committee considers the 32 x 32 matrix suboptimal. 

One half of the participants used both spatial and temporal smoothing of data, 
while another 29% used one or the other but not both. Smoothing probably should 
be done after determination of the ejection fraction. 

The results of the 1987 survey are not available yet but will be published later. 
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Appendix I 

THE DANBURY HEART 

A brief explanation of the 'Danbury Heart' construction and operation follows 
below. 

A pair of metal plates simulates cardiac wall motion. One plate mimics the 
right ventricle and interventricular septum and the other the postero-inferior wall and 
the apex. The simulated right and left ventricles change in size between the end-
diastole and end-systole. Both plates move to simulàte normal left ventricular 
motion. The left ventricular is bounded by metal plates medially, laterally and inferi-
orly. Either of the plates may remain stationary to simulate left ventricular dysfunc-
tion. The superior aspect of the left ventricle is formed by a non-moving thin metal 
plate which simulates the valve plane. Thin lead sheets secured to the metal plates 
permit the 'phantom' to mimic the heart. 

A 60 rev/min electric motor which simulates a heart rate of 60 beats per minute 
connects via an arm to the plates. A battery generates a millivolt signal which serves 
as the 'R-wave' trigger. This is accomplished by a small microswitch at the end-
diastole. The simulated 'R-R' interval thus spans one full cardiac cycle. 

The 1985 device simulated normal cardiac function, the 1986 device simulated 
a significantly decreased ejection fraction due to hypokinesis, and the 1987 device 
a moderately severe arrhythmia. 

The 1986 'transmission' cardiac imaging simulator consists of a simulated 
LAO view of right and left ventricles which are cycled through contraction and 
expansion similar to that of a beating heart. 

Multiple gated views of the cycle may be taken with synchronization by an 
electrical pulse similar to the R-wave, internally generated and available from the 
phantom. 

The multiple gated views may be computer analysed to yield the following 
parameters: 

Left ventricular ejection fraction (LVEF) 
Ejection rate (peak and average) 
Filling rate (peak and average) 
Heart rate 
Fourier phase and amplitude 
Regional ejection fraction index (REFI) 
Regional wall motion. 

The 1987 'transmission' gated blood pool cardiac imaging simulator consists 
of a simulated LAO view of the right and left ventricles. They are cycled through 
contraction (systole) and expansion (diastole) similar to a beating heart. During a 



5 2 4 HERRERA et al. 

standard gated cardiac acquisition, the simulator, by using its internally generated 
pulse, will produce variations in the length of its simulated cardiac cycles and will 
allow the imager to evaluate the imaging system's (camera/computer) ability to 
process cardiac arrhythmias. In addition, computer analysis of the simulated left 
ventricular volume curve will yield information on the following parameters: 

Heart rate 
Left ventricular ejection fraction (LVEF) 
Regional wall motion 
Regional ejection fraction index (REFI) 
Fourier phase and amplitude 
Ejection rate (peak/average) 
Filling rate (peak/average). 
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Abstract 

IMPLEMENTING A QUALITY CONTROL PROGRAMME FOR SCINTILLATION 
CAMERAS OF THE 1990s: THE EDUCATIONAL APPROACH. 

Currently there is a need for quality control (QC) of SPECT systems if image quality 
is to be achieved. Since SPECT superiority depends on small contrast differences, one may 
understand and appreciate the necessity for a vigorous quality control programme. There are 
two ways of implementing such a programme: A two day workshop is proposed to teach 
SPECT QC to nuclear medicine technologists and physicians. The first day would be devoted 
to lectures and demonstrations, while the second would be devoted to 'hands-on' experience. 
A workshop director would be responsible for selecting the speakers, preparing the schedule 
and securing proper facilities. A speaker's bureau and a workshop manual that includes the 
lectures, descriptions and protocols used should be availabe. The paper describes a SPECT 
QC programme. 

1. INTRODUCTION 

Currently there is a need for quality control (QC) of single photon emission 
computed tomography (SPECT) systems if image quality is to be achieved. The 
advent of new radiopharmaceuticals suitable for SPECT imaging such as iodoam-
phetamine, HIPDM, new Tc compounds for brain and heart imaging, bone scanning, 
etc., has made possible the introduction of SPECT in community hospitals and 
private offices. The industry, by utilizing computers and microprocessors, has 
improved scintillation camera imaging greatly by introducing energy and linearity 
corrections to the system, as well as automatic photopeak centring and uniformity 
corrections. Further improvements are expected through the development of better 
collimators and the use of multihead systems. However, SPECT imaging is much 
more complicated than plane imaging, requiring special skills from the technician. 
The industry has recognized this need and offers some limited training (usually one 
week) for the technician. 

525 
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SPECT equipment requires a vigorous QC programme if quality imaging is to 
be produced and confidence placed in it. In addition, technicians have not yet deve-
loped skills in the positioning of patients and using various filters for attenuation and 
scattering corrections. Also, it is not unusual for the SPECT system to develop minor 
problems at the beginning which require adjustment and corrections, or even repairs. 
Although such problems are covered by warranty, they can create long machine 
downtimes, low image quality and, above all, result in frustration for the physician, 
the technologist, and the administrator. 

These are not unusual situations and such system dissatisfaction is not uncom-
mon. Taking into account that the SPECT imaging resolution is of the order of 
15 mm, while the plane imaging resolution with the same equipment is only 7 mm, 
that there are strict uniformity requirements to avoid artefacts, and that SPECT 
superiority depends on small, sometimes subtle, contrast differences, one may 
understand and appreciate the necessity for a vigorous QC programme. 

2. TEACHING QUALITY CONTROL 

It is essential that equipment and procedures be maintained at an optimal level 
of performance by monitoring those parameters that are subject to change with time. 
Tests have been devised for a simple and quick qualitative evaluation of small 
changes in camera performance rather than an explicit identification of malfunction-
ing components. These tests, together with proper recordkeeping and actions taken, 
constitute a QC programme. 

There are two ways of implementing a QC programme for scintillation 
cameras: education and regulation. Some people believe that regulation will force the 
issue and solve the problem. Others think that education can successfully deal with 
the problem. In the USA the Joint Commission on Accreditation of Hospitals (JCAH) 
requires a QC programme in nuclear medicine and specifies that each instrument 
must be tested prior to use each day. 

To address this issue the Center for Devices and Radiological Health (CDRH) 
has been promoting a series of workshops to motivate individuals through education 
to adopt QC procedures voluntarily. A workshop has been designed for each of the 
following categories: scintillation cameras, rectilinear scanners, radionuclide hand-
ling and radiopharmaceuticals, and camera-computer systems. Instruction materials 
and specific self-explanatory protocols for each procedure and type of instrument 
have been developed in the form of a manual for use by the participants. These work-
shops have been very successful in teaching QC and the need for routine monitoring 
of equipment. 
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3. A WORKSHOP FOR SPECT QUALITY CONTROL 

A two day workshop is proposed to teach SPECT QC to nuclear medicine tech-
nologists and physicians. The workshop would be directed to technologists and 
especially to those who have limited opportunities to attend annual meetings and 
conferences. The first day, preferably Friday, would be devoted to lectures and 
demonstrations, while the second, Saturday, would be devoted to 'hands-on' 
experience. The selection of Saturday for the experimental part is important because 
patient procedures are not usually scheduled on Saturday and the equipment could 
be used exclusively for the workshop. 

However, the duration of the workshop is flexible and should meet the needs 
of the participants. If the participants have been practising QC for planar imaging, 
the SPECT part may be considered an extension of their QC programme. In this 
case, a shorter programme may suffice starting on Friday afternoon with four to five 
hours of instruction and a full day, Saturday, devoted to testing and analysing the 
results. As an alternative, the instruction may be distributed over one to two hours 
per day for two to four days prior to the experimental 'Saturday'. On the other hand, 
if the participants are not very familiar with QC, they may require more time to 
cover the subject properly. 

The workshop schedule is presented in a modular form that includes the princi-
ples of QC identification, explanation of parameters, tests and methodology for each 
parameter, and acceptance or initial testing as a baseline for QC for planar, scanning 
and SPECT modes of operation. 

We have included in this programme the results of QC tests performed in vari-
ous hospitals. The participants will be asked to rank from best to worst the images 
obtained from a variety of cameras for each performance parameter that needs 
monitoring and to compare these ratings with those obtained by themselves. 

The workshop director may choose the module combination that fits best the 
needs of the participants in the available time frame. The director is responsible for 
preparing the schedule and securing proper facilities. A speakers' bureau will be 
composed of experts in SPECT technology and quality control and it will be made 
available to the workshop director, who may choose one or more speakers from the 
list. 

A workshop manual that includes the lectures, descriptions and protocols used 
would be given to each participant together with recommendations for establishing 
a QC programme in their own institutions. 

4. CONTENT OF A SPECT QC PROGRAMME 

The following is a list of recommendations for QC (planar QC is a prerequi-
site). For each test a specific written protocol should be developed or adopted. 
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A SPECT QC programme should include: 

A. Calibrations and checks as recommended by the manufacturer 
B. Routine QC tests. 

A. Calibrations and checks as recommended by the manufacturer 

(1) Photopeak centring 
(2) Energy and linearity correction checks 
(3) Flood for uniformity correction (or reference flood) 
(4) Centre of rotation calibration. 

B. Routine QC tests 

Daily 

Flood (planar), extrinsic 
Take both uniformity corrected and uncorrected images (if software available, deter-
mine the integral uniformity). 

Note: an intrinsic uniformity test is also acceptable. 

Weekly 

(1) Test pattern (planar), intrinsic, to test for 
(a) spatial distortion (linearity) 
(b) resolution 
(c) uniformity. 
To challenge the entire field of view an orthogonal hole pattern is preferable. 

(2) Cylindrical source (SPECT), uniformity 
(A plastic one gallon jug may be used). 

Monthly 

(1) Line sources (SPECT), to test for 
(a) rotation centre accuracy 
(b) pixel size 
(c) resolution 
(d) resolution ratio SPECT/planar 

(2) Total performance 
(a) liver phantom (planar) 
(b) SPECT phantom. 
Note: after stability is demonstrated this test may be performed bimonthly. 
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Annually (or after a major repair) 

In addition to the above tests, extensive testing should be done including: 

(1) uniformity at different windows 
(2) sensitivity 
(3) counting characteristics 

(a) paralysing dead time 
(b) Maximum count rate. 
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Abstract 

IMPACTS OF INSTRUMENT QUALITY CONTROL IN NUCLEAR MEDICINE-
RESULTS OF THE CO-ORDINATED RESEARCH PROGRAMME IN LATIN 
AMERICA. 

An IAEA co-ordinated research programme to teach and encourage quality control of 
nuclear medicine instruments was set up in Latin American countries. The procedures fol-
lowed in order to carry out the programme were: (a) implementation of quality control, (b) 
external quality control and surveys, (c) organization of workshops. Positive results have been 
achieved during the first three years of the project, but much work still has to be done to reach 
an ideal situation. Continuance of the project is fully justified. 
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1. INTRODUCTION ; 

Quality control of radiation detection devices for nuclear medicine used in 
quantitative in vitro and in vivo procedures and of imaging devices is absolutely 
essential to assure that the clinical test results produced by these devices are free of 
artefacts caused by faulty instrument performance. Problems in instrumentation can 
lead to incorrect clinical interpretation resulting in misdiagnosis of disease. The 
complexities of modern equipment and the ease of misinterpretation due to. artefacts 
require a level of understanding and training difficult to achieve in developing coun-
tries. However, the routine performance of simple quality control prcedures has been 
shown to be capable of alerting even the naive user to the existence of equipment 
faults, thus improving the quality of the nuclear medicine diagnostic process. 

The Medical Applications Section of the International Atomic Energy Agency 
and the educational departments of institutions of some participating countries have 
developed an extensive programme to encourage the performance of quality control 
procedures. The main thrust of the programme has centred around the education of 
physicians, physicists and technologists working in nuclear medicine departments by 
regional seminars and workshops forming part of technical co-operation projects. 

Further, a technical document [1] has been published in English and translated 
into Spanish which details the quality control procedures for seven classes of devices. 

In order to stimulate local and ongoing teching and expertise a co-ordinated 
research project was proposed to investigate the impact of national programmes for 
quality control. A person was identified to conduct a countrywide survey of existing 
conditions within each local hospital, instruct the personnel concerning the current 
condition of their equipment, set up appropriate quality control procedures for that 
facility based on IAEA-TECDOC-317 and inform the facility of a proposed schedule 
for repeat visits. 

Coupled with this local effort, the IAEA and some countries are pursuing 
programmes of technical assistance with workshops, expert visits and the provision 
of selected test devices. Also,, to raise the level of consciousness concerning the 
importance of quality control of imaging devices, the IAEA, in co-operation with the 
World Health Organization (WHO), sent a 'mock liver' and the Argentine Comisión 
Nacional de Energía Atómica (CNEA) organized local surveys with different 'blind' 
phantoms. These simulators, containing defects, had to be imaged by each facility, 
which then reported the results back to the sending institution. The results of this 
survey were analysed and each facility was informed of the level of its performance. 
If this was not adequate, the local person identified by the proposed project assisted 
the laboratory in order to improve the performance, and repeat surveys confirmed 
whether or not improvement had been achieved. 

This paper reports on the general experience after the implementation of 
national programmes on quality control in Argentina, Bolivia, Brazil, Chile and 
Peru, following the IAEA Co-ordinated Research Programme during the period 
1984-1987. 
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2. MATERIAL AND METHODS 

The procedures followed to carry out the programme can be summarized as: 

(1) Implementation of a quality control. (QC) programme 
(2) External quality control surveys 
(3) Organization of workshops. 

Nuclear medicine laboratories were visited as many times as necessary (usually 
four times) to explain the purpose of the IAEA programme, set a day to perform the 
reference test, acquire the images, the results of examinations of the 'blind' phan-
toms, start a logbook and analyse the results. This group of visits comprised the first 
stage. Follow-up visits to evaluate the satisfactory: implementation of the QC 
programme and second, third or further stage visits were performed 

Three types of instruments were included : gamma cameras, activity calibrators 
and scanners. The latter were not considered in this paper, analysis of conclusions 
was done considering only the most relevant instruments; i.e. gamma cameras and 
activity-calibrators. "• •• •' • 

2.1. Gamma cameras 

Parameters were determined and tests carried out, as defined in .the. IAEA 
TECDOC [1], for uniformity, distortion sensitivity, dead time, maximum count rate 
and detectability measuring parameter к with a low contrast phantom [2]. Sometimes 
not all the parameters were measured. 

At the same time 'hot' and 'cold' lesion 'blind' phantoms were imaged to 
perform external QC: (a) IAEA's SALP liver phantom, (b) WHO's CÀPS-TIS brain 
phantom, (c) two Argentine CNEA low variable contrast phantoms, named FARG 
[3] and EVA, that measure a detectability evaluating parameter-к [2] which is the 
constant of the hyperbola that relates the necessary contrast to detect a lesion and 
its diameter. 

2.2. Activity calibrators 

2.2.1. QC teaching programme and checking rounds 

During the first stage, instruments were calibrated, and QC procedure 
explained. If the laboratory did not have a 137Cs source, one of these was provided 
free of cost. Accuracy and precision were calculated for 99Tcm and 131I scales using 
primary calibrated sources of 57Co and secondary standards of 9 9Tcm and 131I. 

Each person in charge of an activity calibrator was told; to determine the 
maximum activity up to which the calibrator was linear. ' : ' ' 1 " 1 
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2 .2 .2 . Survey 

To determine the present status, a post-checking round survey including all the 
laboratories was implemented. Unknown activity samples and a questipnnaire were 
sent to each of them, in order to assess the calibrator's accuracy and other subjects 
of interest. 

3. : RESULTS 

Table I shows the total number of laboratories having gamma cameras and 
activity calibrators in the different Latin American countries participating in this 
programme, the percentage of instruments included in the programme and the 
number of workshops organized in each country. . 

Although some countries included scanners in the programme, analysis of 
conclusions was done considering gamma cameras and activity calibrators only, 
these being the most relevant instruments. 

Different national co-ordinators measured similar parameters but analysed 
them in different ways. Therefore no uniform presentation of data of different coun-
tries was available. Despite this, useful information from each one allowed important 
conclusions to be reached. 

TABLE I. INSTRUMENTATION OF NUCLEAR MEDICINE LABORATORIES 

Laboratories Cameras Laboratories Calibrators Workshops 
with included with included 

cameras (%) calibrators (%) 

Argentina 110 82 95 87 6a 

Bolivia 1 100 2 100 -

Brazil 59 98 53 50 l b 

Chile 18 100 12 100 Ie 

Peru , 8 100 6 100 2b 

a Oganized by the CNEA (Argentina). 
b . Organized by the IAEA. 
c Organized by the IAEA and the University of Chile. 
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TABLE. II, PERCENTAGE OF GAMMA CAMERAS WITH 'GOOD' 
PERFORMANCE CHARACTERISTICS 

Uniformity Linearity Distortion Detectability 

Argentina 1985 60.0 62.1 54.5 70.8 
1986 53.1 62.8 59.5 56.1 
1987 53.7 67.1 64.8 66.7 

Brazil 1984 36.4 51.5 
1985 45.5 . 54.0 
1986 60.0 60.0 

Peru 1986 . 62.5 • 37.5 
1987 50.0 , 33.0 

3.1. Gamma cameras 

Performance characteristic results for Argentina, Brazil and Peru are presented 
in Table II. Parameters within specifications are labelled 'good'. 

3.1.1. Brazilian results 

Analysing the evolution of these parameters it can be seen that percentage of 
cameras with 'good' uniformity and linearity increased with time as may be expected 
•when QC programmes are implemented. 

3.1.2. Peruvian results 

Parameters show no significant difference because of the small number of 
instruments. 

3.1.3. Argentine results 

The evolution of these parameters for Argentina is different. 

— The percentage of cameras working with -good' uniformity has decreased, 
probably due to the decrease of the percentage of cámeras having the possibil-
ity to correct for uniformity (in 1985: 72%, in 1987: 64%). This is due to the 
increase in the number of old, 19 PM tube, second-hand cameras without 
uniformity correction, coming to Argéntina from the USA. 
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— Linearity- and distortion conditions have improved. More cameras perform 
better in 1987 than in 1986 and 1985. 

Argentine cameras were classified into three groups relating performance 
parameters to specifications (uniformity, spatial resolution, linearity, distortion, 
temporal resolution). 

— Satisfactory (S): all performance parameters within specifications. 
— Partially satisfactory (PS): three performance parameters within specifications. 
— Not satisfactory (NS): two or fewer performance parameters within 

specifications. 

In 1987, 67% of the cameras performed satisfactorily (S), 13% partially satis-
factorily (PS) and 20% not satisfactorily (NS). 

Analysis of satisfactory performance of the cameras for laboratories where a 
QC programme was/was not implemented shows the following picture: 

Number of cameras performing (1985, 1986, 1987):' 

S P S + N S Total 

Laboratories with QC programme 40 5 45 
Laboratories without QC programme 15 17 32 
Total 55 22 . 77 

It can be stated that: 

— 89% (40/45) of the laboratories having an implemented QC programme have 
cameras rated S. 

— 53% (17/31) of the cameras belonging to laboratories which had not 
implemented a QC programme have cameras rated PS or NS. 

— On the other hand, 47% (15/32) of the cameras belonging to laboratories 
where no QC is carried out are rated S. The reason for this could be that they 
have a service contract which includes checks on the camera periodically, or 
the instrument has stable performance. 

Evidently thé application of a QC programme improves instrument perfor-
mance and image quality. 

Evaluation of detectability with parameter к showed that 66.7% of the cameras 
had к < 600 (3), which is at the moment the acceptable limit to consider a camera 
suitable for clinical studies. 

Fourteen laboratories asked for help to perform a complete gamma camera 
acceptance test: four of them because they bought second-hand cameras and ten after 
repair, showing that they are now aware that it is important to check their instrument 
(they do not feel sure enough to do it by themselves). 

Five crystals cracked during 1985, 1986 and 1987. Work continued in those 
laboratories and only two crystals were replaced. During these three years, six 
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cameras were found showing 'measles' in their crystals (humidity spots). One óf 
these cameras had been bought as a second-hand camera (the problem was found 
while acceptance testing was being carried out). The camera was not accepted till 
the crystal was changed. 

Only few laboratories had elements to perform QC: 22% had a flood 5 7Co 
source, 17% had some type of phantom to control resolution. The reason for this 
is that flood sources are expensive and resolution phantoms are difficult to obtain in 
Argentina. 

i 

3.2. Activity calibrators 

Performance characteristics results for Argentina, Brazil and Peru are 
presented in Table III. Parameters within specifications are labelled 'good'. 

3.2.1. Brazilian results 

Analysis of the evolution of these parameters (accuracy and linearity) shows 
that performance has improved, as may be expected when QC programmes are 
applied. 

3.2.2. Peruvian results . , • 

In spite of the small number of instruments (six activity calibrators) data show 
that the number of accurate instrument has increased. 

TABLE III. PERCENTAGE OF ACTIVITY CALIBRATORS WITH 'GOOD' 
PERFORMANCE CHARACTERISTICS 

Precision Accuracy Linearity 

Argentina 1986 
1987 

86 

100 
64 

38 (65) 70 

Brazil 1984 
1985 
1986 

93 
95 
95 

53 
70 
73 

75 
85 
85 

Peru 1986 
1987 

50 
60 

50 
60 

a Pre-checking round (post-checking round). 



5 3 8 , CABREJAS et al. 

3.2.3. Argentine results 

3.2.3.1. Checking rounds 

In Argentina there are 95 activity calibrators: 21 % are ionization chamber (1С) 
type and 79% are Geiger-Müller tube (GM) type (96% constructed with two GM and 
the rest with only one). Calibrators of the first type are usually accurate but 60% 
of the latter ones were badly calibrated. For this reason special attention has been 
paid to these instruments. Checking rounds started in Argentina in 1979, although 
137Cs sources were provided only as of 1982. 

During 1986 the group of checked calibrators belonged mostly to laboratories 
assisted during preceding years. The group also included some instruments that had 
never been checked. The evaluated accuracy was 64%. 

During 1987, 28 activity calibrators were tested: 22 of these had not been 
checked before by the CNEA. 

Six laboratories which had been already visited before were found to have inac-
curate scales while performing operational checks, and called the CNEA for 
recalibration. 

Accuracy (A) was measured for 99Tcm and 13'i scales. Errors of 10% were 
considered unacceptable. 75% of the checked scales differed by more than 5%, 62% 
of the scales by more than 10%, 31% of the scales by more than 20% and 25% of 
the scales by more than 40%, which means that only 38% of the checked scales were 
well calibrated. 

All the inaccurate calibrators were GM type instruments. Three instruments 
were performing with only one of both GM tubes, giving errors of over 50%. 

Precision (P) was measured for samples of activities of the order of a mCi. For 
ionization chamber type: 1.0 < P < 1.1 and for GM type 1.0 < P < 5.5. 

3.2.3.2. Survey of samples with unknown activity 

During the checking rounds inaccurate scales were recalibrated. A few months 
after, the laboratories received a sample of unknown activity to verify accuracy. 

From 82 laboratories surveyed only 35 (43%) answered. Data show that 35% 
of the scales differed in more than 10% (all GM type). 

Laboratories answering the questionnaire reported answers from which it can 
be concluded that 65% have a 137Cs source; 27% of those having it use it daily, and 
82% at least monthly. 

Only 24% determined the maximum activity that can be measured correctly (in 
the linear region of response). Corrections for volume and geometry variations are 
made in 35% of the laboratories. 
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4. EFFECTIVENESS OF TEACHING A N D ENCOURAGEMENT 
PROGRAMME 

Three countries, Chile, Peru and Argentina evaluated the successful 
implementation of the QC programme. 

4.1. Chilean evaluation 

Evaluation of the number of nuclear medicine laboratories that performed QC 
before and after the teaching and encouragement programme produced the following 
results. 

Before After 

1985 1986 1987 

Use of IAEA-TECDOC Not available 8/13(62%) 9/14(64%) 

Performance of reference checks 3/16 (19%) 7/13(54%) 14/14(100%) 

Performance of reference checks 1/16(6%) 3/13(23%) 1/14(7%) 

After the third year 100% of the laboratories performed operational checks 
while only few carried out reference checks. 

Positive changes have occurred since the beginning of the project. One of the 
main goals has been reached: the performance of operational checks in the majority 
of the nuclear medicine laboratories. 

The work performed during these three, years allows a better comprehension 
of the reasons that prevent users from implementing complete QC programme. The 
excuse is usually the big pressure they are subjected to because of the increasing 
number of routine nuclear medicine clinical tests. 

4.2. Peruvian evaluation 

From the evaluation of the number of nuclear medicine laboratories that 
perform QC it can be stated that in 1986 25% of the laboratories performed QC and 
in 1987 50%. This shows that the teaching and encouragement programme was 
successful. 

4.3. Argentine evaluation 

Owing to the large number of nuclear medicine laboratories in Argentina, it 
was possible to evaluate the effectiveness of the teaching and encouragement 
programme by carrying out a subsequent survey to determine if the instructions were 
followed correctly. 
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The teaching and encouragement programme was carried out in 88 Argentine 
laboratories. The satisfactory implementation of the QC programme was evaluated 
in 22 laboratories in 1985, 40 laboratories in 1986 and 67 in 1987. 

Questions asked were: 

— Did you read the TECDOC? 
— Do you control uniformity? How often? Do you keep the images or do you 

write down the results? 
— Did you buy a flood source, or a resolution phantom? 
— Do you control resolution? How often? 
— With what frequency do you measure the 137Cs source? 
— Did you measure if the response of your instrument is linear? Up to what 

activity is it linear? 
— Do you keep records of the measured data? 

Evaluation of the effectiveness of the teaching and encouragement programme 
has to be done dividing the laboratories in two groups: 

Group I: Those having received a first stage visit and one return visit for 
evaluation. 
Group II: Those having received multistage visits. 

The implementation of the QC programme for Groups I and II in 1986 and 
1987 was as follows: 

Implementation Implementation 
QC in 1986 QC in 1987 

Group I 17% . 24% 
Group II 65% 67% 

These numbers show that as the number of visits increases the probability that 
the QC programme is applied is larger. To prove this hypothesis, a graph was 
constructed (Fig. 1). 

100 

80 

60 

4 0 b » 

0 J I 1 I I 
1 2 3 4 5 Visits 

FIG. 1. Percentage of laboratories implementing a QC programme (%IQC) as a function of 
the number of visits. 
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The hypothesis proposed is true only up to the third visit. After this % IQC 
does not show an increase. 

Staff members who even after three visits do not accept that QC is necessary, 
probably will not accept QC concepts in the future either. 

From the foregoing, every laboratory has to receive at least three visits to try 
and make staff aware that QC is necessary. 

Considering the successful application of the QC programme for those labora-
tories evaluated in two different consecutive years, it has to be pointed out that out 
of 36 laboratories: 

— 15 (42%) applied the QC programme during both years. 
— 10 (28%) never applied the QC programme. 
— 10 (28%) did not apply the programme during the first year but applied it 

during the second year. 
— 1 (3%) applied the programme during the first year and gave if up in the second 

year. 

Of the 10 laboratories that did not apply the QC programme in the first year, 
10 (50%) changed their attitude and implemented the programme during the second 
year. This is a positive result of the teaching and encouragement programme. 

5. CONCLUSIONS 

(1) The IAEA's teaching and .encouragement programme on QC has been in 
existence since 1984. Only about 10% of the laboratories had their own 
QC programme at the beginning. After several years, this percentage has increased 
but it still needs to rise considerably. 

As shown by the Argentine data, after one visit and one return visit to evaluate 
the effectiveness of the teaching and encouragement programme only 20% (average 
1986-1987) of the laboratories implemented a QC programme. After multistage 
visits the approach was effective in about 66% (average 1986-1987) of the laborato-
ries visited. 

The process is slow, but in spite of this, work should be continued. Some legal 
support to urge the nuclear medicine staff to perform QC would be of profit. 
Argentina has already presented to the Consejo Asesor en Aplicación de 
Radioisótopos (Radioisotope Application Advisory Council) a proposal to introduce 
a law to require nuclear medicine staff to perform QC. 

(2) On-site laboratory teaching must continue but it is enormously simplified 
by the organization of local Workshops as an overall training activity. 

(3) The presence of a physicist in nuclear medicine laboratories would also 
help. 

Only exceptionally does a physicist or an engineer integrate the staff of a 
nuclear medicine laboratory in Latin America. For example, with 250 laboratories, 
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Argentina has only three with support from a physicist, and although the CNEA 
assists as many laboratories as possible, it is necessary to increase the number of 
physicists working in this field. It would be important that International Organiza-
tions make a policy statement for the health authorities to train and employ more 
physicists in this field. 

(4) Many old second-hand gamma cameras have, been installed in Latin 
America. Performance of acceptance testing would avoid later problems, specially 
because some severe defects are nearly imperceptible. For example, the number of 
cameras with 'measles' is increasing rapidly in Argentina. 

It is suggested that a test be performed to detect this problem during acceptance 
testing and to include it in a new version of the TECDOC. 

(5) Special effort has to be made to make test objects available to users. This 
simplifies the performance of the QC checks. 

(6) Recommendations to use the IAEA-TECDOC should be continued. It is 
not used extensively, probably because it is in English. An up-to-date translation of 
this manual would be advantageous. Before this document became available, 
Argentina produced some publications on gamma cameras and dose, calibrators 
[4, 5], copies of which aré available. 

(7) External QC, sending 'blind' phantoms or unknown samples should 
continue. Staff members of nuclear medicine units participate with interest in these 
surveys and should be informed of the level of their performance as compared to 
other laboratories. 

(8) QC is a complex and slow job, difficult to implement. Only steady work 
will improve its application. The results obtained up to date fully justify continuance 
of the project. 

REFERENCES 

Quality Control of Nuclear Medicine Instruments, IAEA-TECDOC-317, IAEA, 
Vienna (1984). 
DE CABREJAS, M.L., ROTTA, C., Minimum lesion detectable contrast, Nucl. Med. 
Biol. (1982) 1574. 
DE CABREJAS, M.L., ROTTA, M.C., RODRÍGUEZ-PASQUÉS, R.H., Fantoma 
ciego de contraste variado para control de calidad externo de cámera gamma, Nuclear 
Medicine and Related Radionuclide Applications in Developing Countries (Proc. 
Symp. Vienna, 1985), IAEA, Vienna (1986) 179-186. 
PECORINI, V., RODRÍGUEZ-PASQUÉS, R.H., ROTTA, M.C., 
DE CABREJAS M.L., Rep. CNEA-AC-100/81, Comisión Nacional de Energía 
Atómica, Buenos Aires (1981). 
DE CABREJAS, M.L., SIGNORETTA, C., RODRÍGUEZ-PASQUÉS, R.H., 
MAGNAVACCA, C., Rep. CNEA-AC-12/86,. Comisión Nacional de Energía 
Atómica, Buenos Aires (1986). 

[1] 

[2] 

[3] 

[4] 

[5] 



CO-ORDINATED RESEARCH PROGRAMME 

ASPECTS OF ESTABLISHING A 
NATIONAL PROGRAMME 
ON INSTRUMENT QUALITY CONTROL 
Results of the Co-ordinated Research Programme in Asia 

A. KRISANACHINDA 
Faculty of Medicine, 
Chulalongkorn Hospital, 
Chulalongkorn University, 
Bangkok, Thailand 

P.S. SONI 
Radiation Medicine Centre, 
Bhabha Atomic Research Centre, 
Bombay, India 

J.H. KIM 
Korea Cancer Centre Hospital, 
Korea Advanced Energy Research Institute, 
Seoul, Republic of Korea 

K.B. HERATH 
Nuclear Medicine Unit, 
University of Peradeniya, 
Peradeniya, Kandy, 
Sri Lanka 

U.H. KHAN 
Institute of Nuclear Medicine and Oncology, 
Lahore, Pakistan 

Abstract 

ASPECTS OF ESTABLISHING A NATIONAL PROGRAMME ON INSTRUMENT 
QUALITY CONTROL: RESULTS OF THE CO-ORDINATED RESEARCH 
PROGRAMME IN ASIA. 

The paper outlines the progress of the co-ordinated research programmes in Thailand, 
India, the Republic of Korea, Sri Lanka and Pakistan. These were designed to survey quality 
control procedures in nuclear medicine centres in each country, to create awareness among 
the personnel of the importance of these procedures, and to set up national programmes using 
facilities provided by the IAEA. The paper discusses the obstacles encountered and assesses 
the results achieved to date. It concludes that the surveys were useful, that there has been an 
increase in the number of nuclear medicine centres adopting quality control procedures in each 
country, that there has been an improvement in the quality of data supplied to the nuclear 
physician, and that awareness of, and interest in, quality control by medical physicists and 
users of nuclear medicine instruments have increased. 
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1. INTRODUCTION 

The national programme on instrument quality control in Asia was initiated in 
Thailand and India in 1983, the Republic of Korea in 1984, and in Sri Lanka and 
Pakistan in 1986. 

The objectives of this programme were: 

(1) To survey the quality control (QC) procedures carried out by each centre in 
the country. 

(2) To generate awareness among the nuclear medicine personnel of the impor-
tance of the proper QC procedures. 

(3) To set up a national QC programme for each country using the same proce-
dures from IAEA-TECDOC-317 with the facilities provided by the IAEA such 
as phantoms, test patterns and radioactive calibrated sources. 

The expert mission was scheduled for some countries such as Thailand, the 
Republic of Korea and Pakistan to survey and evaluate QC procedures and also to 
set up a national programme in the QC of nuclear medicine procedures in vivo. In 
addition, three IAEA workshops on QC of nuclear medicine instruments were held 
in the Republic of Korea, Pakistan and Thailand between 1985 and 1987. 

Three Research Co-ordination Meetings were held, of which the first one was 
in August 1985 in Vienna, the second in February 1987 in Bangkok and the third 
in August 1988 in Vienna. The country reports showed similar obstacles and the 
achievements were largely in accordance with the objectives mentioned above. 

2. SURVEY OF QUALITY CONTROL PROCEDURES CARRIED OUT 
IN EACH COUNTRY 

At the beginning of this project, the number of nuclear medicine centres was 
surveyed in each country. 

In order to generate awareness among the scientific community working in 
nuclear medicine, each country adopted a standard protocol, formulated according 
to IAEA-TECDOC-317. 

First, national training courses were held on the concept of QC procedures and 
implementation in the form of lectures and practical sessions. The Agency had 
provided the IAEA experts and the course facilities including the necessary manuals, 
IAEA-TECDOC-317, radioactive standard sources, phantoms, test patterns and 
computer software. The training courses covered: 
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(1) QC procedures for each instrument; 
(2) Documentation of the results, which included: 

(a) maintaining logbooks; 
(b) monitoring the results; 
(c) initiation of remedial action in case of system problems; 

(3) Awareness of the environmental conditions affecting the nuclear medicine 
instruments, e .g. fluctuations in power supply, humidity and temperature. 

3. OBSTACLES ENCOUNTERED 

Some common problems were encountered by all of the participating 
countries. 

First, due to lack of qualified medical physicists in each centre, it was difficult 
to maintain the QC programme in such centres adequately. In addition, shortage of 
full-time staff dedicated to QC work was also encountered. This was partly overcome 
by having formal training courses and constant visits by the National Co-ordinators 
to those centres. 

Secondly, the attitude of some of the clinicians'had not been entirely favourable 
towards introducing procedures for the instruments, as they considered it was a 
waste of time. This resulted in them not giving enough support for the initiation of 
this programme. This obstacle was overcome by having training courses, workshops 
and on-the-job training programmes for nuclear medicine specialists. 

TABLE I. NUMBER OF NUCLEAR MEDICINE 
CENTRES IN PARTICIPATING COUNTRIES 

Country No. of centres 

India 20 

Pakistan . 

Republic of Korea 

13 

61 

Sri Lanka 

Thailand 14 
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TABLE II. N U M B E R OF NUCLEAR INSTRUMENTS S U R V E Y E D IN PARTICIPATING COUNTRIES 

Scanners 
Gamma cameras 

Scintillation ß, 7-counters Dose 
Country Total connected to 

computer 
with SPECT . 

capability 
probe 

systems 

ß, 7-counters 
calibrators 

India 30 40 30 12 a a a 

Pakistan 18 26 13 4 40 24 24 

Republic of Korea — 82 53 " 3 0 > 1 0 0 > 1 0 0 82 

Sri Lanka 3 2 — — 3 7 3 . 

Thailand 16 15 4 3 17 17 15 
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No data available. 
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TABLE III. THE INSTRUMENTS SURVEYED 

547 

1. Radionuclide dose calibrator 

2. Scintillation probe system 

3. Manual and automatic beta, gamma counters 

4. Rectilinear scanner 

5. Gamma camera 

6. Scintillation camera-computer system 

7. SPECT 

TABLE IV. IMPACT OF THE QUALITY CONTROL PROGRAMME 

QC programme adopted 

Country . Before After 

India 50% 90% 

Republic of Korea 35% 80% 

Pakistan 20% 90% 

Sri Lanka 25% 75% 

Thailand 14% 86% 

4. RESULTS A N D DISCUSSIONS 

The number of collaborating nuclear medicine centres in participating 
countries is given in Table I. 

As can be seen, the Republic of Korea had the biggest number of nuclear medi-
cine centres collaborating in this project. 

The number of nuclear medicine instruments surveyed in participating 
countries is shown in Table II. 

The various categories of nuclear medicine instruments surveyed are shown in 
Table III. 

The impact of the programme is shown in Table IV. 
This table shows that there is a significant rise in number of centres adopting 

QC tests for the instruments, indicating the positive impact of this project. 
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5. CONCLUSIONS 

The outcome of this project may be summarized as follows: 

First, this was a useful survey carried out by each country in a number of 
centres which performed QC testing on nuclear medicine instruments. 

Secondly, after the initiation of this programme there was an increase in 
number of nuclear medicine centres adopting QC procedures in each country. 

Thirdly, the quality of data fed to the nuclear physician has improved consider-
ably, thus enabling him to make his clinical judgement with greater precision and 
accuracy. 

Fourthly, it has created awareness among users and decreased the downtime 
of the system. 

Lastly, it has created considerable interest and enthusiasm among medical 
physicists to perform QC in the laboratories and to set up a national QC programme 
in their respective countries. 
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DISCUSSION 

It was pointed out that this paper and its predecessor reviewed two related Co-
ordinated Research Programmes which had their final research co-ordination meet-
ings in Vienna during, the same week as the Symposium. The entire project was 
notable in two aspects, first in that it had brought together the experience of national 
programmes on instrument quality control in nuclear medicine in Asia and the 
Pacific and in Latin America, and secondly, in that the participating countries were 
probably the only countries in which such quality control was effectively carried out 
under the personal supervision of a responsible national co-ordinator. Even in 
advanced countries the latter was rarely the case. The results of the project were most 
encouraging. Problems did remain, however, particularly in convincing physicians, 
hospital administrators and national health authorities that instrument quality control 
was a necessary part of the practice of nuclear medicine and that appropriate provi-
sion should be made for it. 
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A speaker asked whether there were data that clearly demonstrated the benefits 
resulting from routine instrument quality control and so could be used to justify the 
need for it. Another speaker stated that such data were certainly available from the 
results of quality surveillance schemes carried out under national quality control 
programmes. Moreover, he emphasized, routine instrument quality control was not 
costly, especially if the phantoms and other devices involved were purchased 
together with the instruments for which they were needed. 

A further speaker observed that quality surveillance schemes were often 
carried out only over a limited period and should not be regarded as substitutes for 
regular quality control. He stressed the need for the latter, if possible supported and 
monitored by the IAEA. It was pointed out that the object of the two Co-ordinated 
Research Programmes under consideration had indeed been to promote national 
programmes for such quality control. 
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Abstract 

NEW HORIZONS IN RADIONUCLIDE BRAIN SCANNING. 
After the introduction of X-ray computerized tomography (CT) in the early 1970s, 

radionuclide brain imaging received a setback, although it was still an important investigation 
in the developing countries, where CT service is not readily available. There has been a resur-
gence of interest in brain imaging in recent years because of three developments: (1) single 
photon emission' tomography (SPECT), (2) use of lipophilic compounds which cross the 
blood-brain barrier and are retained in the brain in relation to blood flow, receptor binding 
or metabolic activity, and (3) development of positron emission tomography (PET). Recent 
experience of SPECT brain imaging with 99Tcm HMPAO, one of the lipophilic compounds, 
is reviewed in the paper and a description is given of some results obtained in Kuwait. The 
procedure was found to be diagnostically useful, and often more helpful than CT, in a variety 
of neurological disorders such as dementia, degenerative disorders of the brain, epilepsy, 
cerebrovascular accidents, subarachnoid haemorrhage and head injuries. Cerebral perfusion 
study with radionuclude imaging is the most definitive criterion of acute brain death. It is felt 
that new horizons have opened up in nuclear medicine as a result of the new developments. 

The story of radionuclide brain imaging represents one of the most difficult 
challenges in nuclear medicine. It is also one of the areas of which all nuclear medi-
cine physicians should be proud. It is an example of what nuclear medicine can do 
in functional imaging that other imaging modalities cannot do. Nuclear medicine is 
able to diagnose certain neuropsychological diseases earlier than other imaging 
modalities. 

This review will cover the new developments that happened after the setback 
of radionuclide brain scanning that occurred following the introduction of X-ray 
computerized tomography in the early 'seventies. Although radionuclide brain imag-
ing with hydrophilic compounds has markedly declined in most countries offering 
X-ray CT service, radionuclide brain scanning still remains an important imaging 
modality in many developing countries because either there is no X-ray CT service 
available or because the X-ray CT is so busy that patients might have to wait for 
several days before getting their examination 
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The title of this paper is 'New Horizons in Radionuclide Brain Scanning'. 
I chose this title because I feel that brain scanning will return within the next few 
years as an important and a more frequently requested test. This important develop-
ment is reviewed in a book published in 1987 by the John Libbey publishing com-
pany, 'Current Problems in Neurology: V, Impact of Functional Imaging in 
Neurology and Psychiatry'. 

The question always comes to our mind: why the brain? And why is nuclear 
medicine so important? 'Why the brain' is answered because the early diagnosis, 
prognosis, the selection of treatment and the evaluation of treatment by follow-up 
examinations in many neurological and psychological disorders are not yet fully 
understood. Examples of these diseases are various types of dementia, psychological 
disorders, transient ischaemia, cerebrovascular accidents, epilepsy, etc. 

The answer to the second question is that nuclear medicine is able to investigate 
variations in perfusion, chemical receptors and metabolic changes, i.e. the 
pathophysiological changes at an early and advanced stage of various diseases. It is 
also possible to quantitate these changes in a relatively precise way. On the other 
hand X-ray CT is only capable of measuring changes in tissue density which usually 
occur not only after the brain has been damaged but also several days after the insult 
has occurred. Because of this it has no role in early diagnosis or in planning any 
prophylactic therapeutic measures. Although magnetic resonance (MR) gives as fine 
anatomical details as X-ray CT, it is not clear whether its ability to measure changes 
in hydrogen or phosphorus distributions will be useful. We are all confident that it 
will not be a challenger to functional brain imaging. 

Since the late 'seventies developments in functional brain imaging have been 
running parallel on three frontiers: 

(1) It was realized in the late 'seventies that single photon emission computer 
tomography (SPECT) is more sensitive than planar imaging in detecting basal 
lesions, delineating multiple lesions, defining the extent of abnormalities, in separat-
ing the skull from intracranial lesions and in improving lesion characterization. This 
led to the development of tomographic systems. The single crystal rotating gamma 
camera is now commonly used. 

At the same time Professor Lassen in Copenhagen, an eminent neurophysiolo-
gist, was studying brain perfusion. He introduced a multicrystal tomographic 
machine, 'The Tomomatic' scanner, to do tomographic imaging for brain perfusion 
using xenon-133. Among many achievements he was able to demonstrate in patients 
with early cerebral infarct perfusion changes before changes in tissue density could 
be visualized by the X-ray CT. 

(2) The second development occurred in the area of radiochemistry and radio-
pharmacy. The aim was to develop lipophilic compounds instead of the old 
hydrophilic ones. The lipophilic compounds should cross the normal blood-brain 
barrier either by passive or active transport, to be retained in the normal brain rela-
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tive to either blood flow, receptor content or metabolic activities. The one most com-
monly used, which has been approved in the USA, is iodoamphetamine, developed 
by Winchell in 1980 and distributed by Mediphysics. Iodoamphetamine has 
problems which have limited its wide use, specially in developing countries. Iodoam-
phetamine has high uptake of 6-8% in the brain, distribution correlates well with 
blood supply, there is slow wash-out. It is not clear whether the retention is related 
to binding at amphetamine receptors. Like xenon-133 it proved its ability to diagnose 
early changes in cerebral perfusion before X-ray CT can detect changes in tissue den-
sity. It has been investigated in many neurological disorders, the most important one 
being dementia. 

(3) The third area of development is now in positron emission tomography. . 
This area is not only beyond what developing countries can afford and finance but 
this is also true for many developed ones. The cost for a positron emission tomogra-
phy camera is US $1 .5-2 million and for a hospital based cyclotron it varies between 
US $3-5 million. However, the amount of information received from these centres 
is enormous, original and as exciting as exploring the outer space of the Universe. 
Its role in studying the relationship and the co-ordination between different regions 
of the brain in our daily activities cannot be challenged by any other imaging modal-
ity. There has been special interest in developing neuroreceptor compounds for dopa-
mine, acetylcholine, opium and its derivatives, spiperone and many others. 
Neuroreceptor imaging was found to be the only modality capable of revealing the 
brain physiology, recognizing the pathophysiology and for early diagnosis of neuro-
logical and psychological disorders. In addition it can be used to evaluate various 
therapeutic approaches. 

Positron emission tomography (PET) technology also enables the study of 
metabolic changes, using either 18Fe or 1 5 0 deoxy-glucose, using diffusible tracers 
as 1 5 0 water, n C carbon monoxide or microsphere-like compounds such as 13N 
ammonia. An example from Dr. Yameshaki at the National Institute of Radiological 
Sciences in Japan showed the differences between 13N ammonia and 11С carbon 
monoxide in a patient with arteriovenous malformation and the difference between 
18F fluorodeoxyglucose uptake and 13N ammonia in' a case of cerebral infarction. 

The questions everybody is now asking are: are PET and a cyclotron necessary 
to enable radionuclide brain scanning to regain its lost ground? Is it PET versus 
SPECT? Or it is a matter of time for the developments to take their usual course? 

If we take an example of brain perfusion radiopharmaceuticals, which is an 
area of great interest for the understanding of neurological diseases, we find that 
already we have various compounds for PET: l 5 0 , and for SPECT 133Xe, 123I 
iodoamphetamine and two 9 9Tcm labelled compounds, HMPAO and ECD. This is 
an example to show that in the future it will not be essential to have PET in order 
to do all kinds of functional studies. There are also currently available examples for 
myocardial imaging. 
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An ideal lipophilic compound for cerebral perfusion imaging should have the 
following characteristics: 

(1) Low molecular weight 
(1) Zero charge 
(3) Diffuses easily through the blood-brain barrier 
(4) Stability after preparation 
(5) High extraction rate in the brain through its first pass 
(6) Should not cross the normal blood-brain barrier back to the systemic 

circulation, i.e. back diffusion 
(7) Technetium-99 labelling is preferable for the reasons of price, 24 hours availa-

bility, because of the physical characteristics of 9 9Tcm which makes it an ideal 
agent for imaging, and also because of lower dose absorbed by the patient from 
bigger injected doses. 

There is no one compound which satisfies all these criteria. For instance, 
9 9Tcm hexamethylpropylamine oxime (HMPAO) has brain uptake of 4-6% of 
injected dose. Reports as to its first pass brain extraction efficiency vary; the figures 
available vary from 58 to 90%; it has the problem of back diffusion of up to 10%, 
high background activity, instability in the vial after preparation. It exists in two 
forms: d and 1 forms. After preparation in vitro, it switches from the d-form to the 
1-form, which has problems of back diffusion. It is therefore recommended to inject 
within 20 minutes after preparation. 

In order to measure cerebral blood flow using HMPAO we have to ask these 
quêtions: Is it completely trapped from the first pass, i.e. is it a chemical bolus? Is 
the distribution stable in the brain? Is there back diffusion? Is it metabolized? 

We do not know that HMPAO is metabolized; it has long-standing stability in 
the brain; it is not completely trapped from the first pass; it has problems of back 
diffusion. All .these are disadvantages. In spite of all these problems Lassen and 
others had found good correlation between cerebral perfusion measurements using 
HMPAO, xenon inhalation and 1 5 0 measurements. Lassen introduced a formula to 
normalize the HMPAO image to the normal perfusion of the cerebellum, an organ 
which has a normal perfusion rate that rarely changes. 

Another 9 9Tcm labelled lipophilic compound has been developed by the 
Dupont Company Radiopharmaceutical Division. It is an ethyl cysteinate dimer 
called 9 9Tcm ECD or neurolyte. Brain uptake is about 5% of injected dose. The 
grey and white matter uptake ratio is better than HMPAO, 2 .1 -2 .5 versus 1.7-1.5. 
80% is eliminated by 24% with faster renal clearance than HMPAO. T,/2 in blood 
is 3.3 hours versus 6.7 hours for HMPAO. Another main advantage is its stability 
after injection. This allows injection of many patients from one vial. 

A third compounds for cerebral perfusion is 201T1 DDC, 'diethyl dithiocar-
bonate'. It has almost 100% brain extraction if injected intra-arterially in the carotid; 
about 54.3% brain uptake of the injected IV dose; brain uptake is complete in 90 
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seconds and there is no appreciable wash-out or redistribution for hours after injec-
tion. The DDC molecule serves as a lipophilic carrier which enables 201T1 to cross 
the blood-brain barrier. The absence of redistribution is an important factor for study 
of acute stroke. Imaging can be done up to 24 hours after the IV injection. 

In our institution 9 9Tcm HMPAO has been tried in various neurological dis-
orders. After the IV injection there is high brain uptake within seconds. There is less 
than 10% wash-out in the first few minutes and there is stable brain uptake over 
several hours. With current generations of SPECT devices there is relatively good 
resolution of about 11 to 13 mm. 

It is always advisable to use SPECT techniques for brain imaging. Static imag-
ing is occasionally useful if the patient cannot co-operate for the duration of the 
SPECT studies. We do not recommend that centres without SPECT devices use 
HMPAO for brain imaging. 

The current important indication from cerebral perfusion imaging is in demen-
tia. It is useful for differential diagnosis of types of dementia in clinical diagnosis, 
for research into therapeutic measures, for the positive confirmation of irreversible 
disease and for the evaluation of the disease course. Alzheimer's disease is character-
ized by symptoms of amnesia, visual and space disorders and language impairment. 
HMPAO brain SPECT imaging demonstrates bilateral decreased flow to the parietal 
and parieto-occipital lobes; rarely it is unilateral. From Oxford University 
experience the sensitivity for detection of Alzheimer's disease is 85%, considering 
any parietal defect to be significant with a specificity of 85 %. If we rely on bilateral 
parietal defects the sensitivity decreases to 65 % but the specificity will increase to 
96 %. A selective anterior frontal defect was detected only in one of 26 patients (4 % ). 

On the other hand multi-infarct dementia, MID, is characterized by multiple 
small aereas of decreased perfusion with no regional preference. These findings are 
very helpful for the differential diagnosis between these two types of dementia and 
for excluding dementia in patients complaining of depression. This is important since 
the treatment of these types is different. Currently there is no other imaging modality 
that can offer the same information. 

The group at the Middlesex Hospital in London and at Oxford University also 
has experience using HMPAO in Parkinson's disease, Wilson's disease, PARS syn-
drome, and in Huntington's chorea. The latter is characterized by decreased perfu-
sion in the contralateral caudate ganglia and basal ganglia and could be helpful for 
predicting which member of the family will show the symptoms of the disease at a 
later date in life. 

In the experience of the Oxford group HMPAO brain SPECT imaging was 
clinically useful in 13/19, it changed the management in 9/19 and changed the diag-
nosis in 7/19 of dementia patients. There is no doubt that these results justify the 
wide use of this test in dementia patients. 

Similarly, in a bigger group in Aberdeen, Scotland, that included 104 patients, 
HMPAO studies were helpful in differentiating MID from Alzheimer's disease, in 
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differentiating depression from MID, and for the diagnosis of Huntington's chorea. 
The studies were also helpful in the management of these. 

Another important indication for cerebral perfusion imaging is epilepsy. 
Interest in this area arose immediately after the discovery of iodoamphetamine and 
continued with HMPAO. The approach to diagnosing epilepsy and its anatomical 
localization depends on: (a) clinical history, (b) EEG, which is frequently unable to 
localize the focus of epilepsy, and is only accurate in 30% of the cases, (c) X-ray 
CT, which is only positive in 20-30%, showing areas of hypodensity. HMPAO 
SPECT had a sensitivity of 95% according to the experience of Lund University. 
HMPAO is helpful in epilepsy in order to direct selective EEG recording, and sug-
gests areas for biopsy. This is important if surgery is to be considered as a treatment. 
All tests should agree on the site of the focus before undertaking the surgery. The 
group in California uses deoxyglucose and found that there are areas of decreased 
metabolism in the epileptic foci. Similarly with HMPAO there is decreased perfusion 
if it is injected during the intericteric phase. If injected in the aura phase or in the 
icteric phase it shows increased perfusion of the site of the epileptic focus. Occasion-
ally there is also increased perfusion in the cerebellum on the same side, i.e. cerebel-
lum diaschisis. If a patient study shows normal or decreased perfusion when 
HMPAO was injected in the icteric phase the diagnosis is considered a psychological 
seizure. 

The next important indication is in cerebrovascular disease. HMPAO is more 
sensitive than X-ray CT in diagnosing cerebrovascular infarct. The timing factor 
here is important for two reasons: X-ray CT will be equally positive after 4 - 7 days; 
luxury perfusion will start to appear after the first week in a proportion of these 
patients. So it is important to perform HMPAO studies within the first 48 hours. 

In patients with transient ischaemia attacks, for the early diagnosis of the dis-
ease and for evaluation of surgical treatment stressing of the cerebrovascular circula-
tion can be done before HMPAO injection by using Diamox injection. The details 
of this protocol can be found in the literature. 

In the acute phase of the cerebrovascular infarct, HMPAO is more sensitive 
than X-ray CT for localization, determining the extent of the lesion, to show the 
effect of the collaterals, the evaluation of amount of brain damage, for follow-up and 
maybe in predicting the clinical outcome. 

The following in an example of HMPAO study in a patient presented with right 
sided hemiplegia. The study was done within hours. It shows a small area of 
decreased perfusion to the area of the contralateral internal capsule; the X-ray CT 
was normal. The prognosis was good. The following examples are for patients with 
intracerebral haemorrhagic lesions of almost equal size, but with variable cerebral 
perfusion changes as shown by HMPAO studies and had variable prognosis. At this 
early stage we have a feeling that if the cerebral perfusion changes match in size with 
the X-ray CT lesion the prognosis is usually good. On the other hand if there are 
more cerebral perfusion changes than could be predicted from the X-ray CT the 
prognosis is bad. This statement needs further verification. 
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Another important area of HMPAO cerebral perfusion imaging is in subarach-
noid haemorrhage. Vasospasm occurs in 20-30% of patients suffering from 
subarachnoid haemorrhage. This vasospasm is responsible for secondary neurologi-
cal deficits and it influences the prognosis and the results of surgical treatment. The 
degree of vasospasm can be demonstrated by angiography, which is invasive, by 
Doppler, which is only sensitive in the neck, or by radionuclide techniques, using 
either xenon-133 or HMPAO, which is not only noninvasive but reflects the extent 
of the area affected and the degree of the spasm. In a study by Steinling in France 
that included 13 patients he classified the lesions as mild, moderate or severe. He 
found single or multiple areas of decreased perfusion and, in one patient, areas of 
increased perfusion. The last lesion of increased perfusion showed considerable 
wash-out after six hours. The changes in cerebral perfusion correlated well with 
prognosis regarding complete, incomplete recovery or death. 

Another indication is the diagnosis of brain tumours or brain metastases. X-ray 
CT and MR are considered highly sensitive for the detection of intracranial 
neoplasms. However, we are often faced in our clinical practice when dealing with 
patients who are high risk for brain metastases with a negative X-ray CT when the 
patient is neurologically free. These studies are usually done to exclude brain 
metastases. Some of these patients are considered for prophylactic irradiation. 
However, in two months they will present again with neurological symptoms, multi-
ple brain metastases, some of which might be as big as 3 - 4 cm in diameter. It proves 
that at the early stage of presentation X-ray CT was not sensitive enough to detect 
these lesions. 

The question is: would the perfusion brain scan be more sensitive? In our early 
studies comparing X-ray CT with HMPAO in 14 patients, X-ray CT detected 26 
lesions versus 32 detected by HMPAO. We feel that this should be the subject of 
a new protocol with longitudinal follow-up. If we prove that brain SPECT is more 
sensitive than X-ray CT in early detection of brain metastases, the impact of this will 
change the work-up of these patients. 

An important advantage for SPECT over X-ray CT is that SPECT is three-
dimensional in acquisition and two-dimensional in processing, while X-ray CT is 
two-dimensional in acquisition and processing. The advantage of this is that it shows 
lesions inside and outside the cranial cavity. 

We have been interested in studying cerebral perfusion changes in patients 
suffering from coma after road traffic accidents. In the first 2 - 3 days X-ray CT is j 
not sensitive in detecting intracranial lesions because changes in tissue density from ! 
brain contusions have not been sufficient to be detected by X-ray CT. It would be ; 
almost impossible at present to study such patients by MR. It is important for the 
family of the victim and the treating physician to know how much damage happened 
to the brain and whether there is a chance for recovery or not. We carried out a study 
in order to compare X-ray CT with HMPAO SPECT. Both studies were done within 
hours of each other and mostly with in the first two days after the accident. HMPAO 
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detected 70% more lesions than X-ray CT in 15 patients. We prepared our nuclear-
medicine service to receive these patients and were prepared to resuscitate if this 
were needed. Fortunately we have no problem in any of the patients studied so far. 
I am glad to see that this application is now becoming more frequently used. 

Cerebral perfusion changes after acute head injury are classified as: 

A. Non-focal 

(1) reversed fronto-occipital slope 
(2) asymmetry between right and left cerebral hemispheres 
(3) diffuse generalized decreased brain perfusion. 

B. Focal 

(1) usually areas of decreased perfusion 
(2) occasionally areas of increased perfusion. 

Both are either single or multiple. We rate them as small if they are smaller 
than half one lobe of the brain and large if they are bigger. They can affect any region 
in the cerebral cortex, brain stem or cerebellum. ' 

C. Surface or meningeal lesions pressing over underlying cerebral cortex 

From our study we concluded that lesions with favourable prognosis are: the 
non-focal lesions, the small focal lesions and that the frontal and occipital lobes have 
a better prognosis than the parietal, temporal, cerebellum or brain stem lesions. Mul-
tiple or large focal lesions have a bad prognosis. It is not clear whether those having 
areas of hyperperfusion have a worse prognosis than those with areas of hypoperfu-
sion only. HMPAO SPECT was more sensitive than X-ray CT; it detected lesions 
earlier, detected more lesions and was more helpful in predicting the prognosis. 

The last and very important indication is the use of brain perfusion imaging 
to confirm or to diagnose acute brain death. This medical problem is of great impor-
tance medicolegally. There are several definitions and tests required in the USA, 
Europe and other parts of the world in order to decide whether a patient should be 
kept on resuscitation machines or whether to discontinue all these efforts. In some 
countries it is required that these reports should be signed by three physicians 
independently without consulting each other. 

The radionuclide cerebral perfusion study will be very important. I believe that 
the guidelines for declaring acute brain death will be reviewed in the next few years 
to require perfusion brain scan to be done whenever possible. The test does not 
require a SPECT facility: with a mobile gamma camera, even without a computer 
interface, the diagnosis can be done easily. There is no need for the radionuclide 
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cerebral angiogram. The static images are enough. The patient can be injected and 
pictures taken at any time later when the condition of the patient allows. The 
interpretation of the test is easy. If the skull looks like a hollow tennis racket with 
no brain uptake at all you can easily and with confidence declare the patient is dead. 
If there is some brain uptake with areas of focal decreased perfusion then you have 
to rely on other tests to make the final diagnosis. 

The future of nuclear medicine in neuropsychiatrie disorders is bright. We are 
grateful to the groups of scientists from different specialities that made all this 
progress in a short period of time. It is the role of nuclear medicine physicians to 
educate the clinicians in various specialities about these developments and to explore 
how to use nuclear medicine for the best medical care. It is through our interaction 
with other specialities that we can continue to develop nuclear medicine and to offer 
the best service for the patient. 
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Opening the discussion from the chair, Mr. Höfer directed attention to three 
aspects of the subject of the panel which merited special consideration. These were 
the clinical demand for dynamic functional studies in nuclear medicine in developing 
countries, the equipment and other facilities needed for such studies and the educa-
tional and training programmes necessary to ensure that they were appropriately 
carried out. 

With regard to the clinical demand, Mr. Britton indicated that the diseases in 
the management of which nuclear medicine could play a significant role were not 
very different in developing countries and in advanced countries. Taking as examples 
diseases of the kidney, heart and brain, he pointed out that renal obstructive disease 
constituted an important health problem in many developing countries, particularly 
those in which schistosomiasis was endemic. Renal function studies were then called 
for, especially if nephrectomy were envisaged. Cardiac disease was becoming every-
where more prevalent, so cardiac function studies were increasingly needed. Head 
injuries were everywhere common, so brain imaging was a general requirement. He 
emphasized that, whatever the nature of the disease, the important contributions of 
nuclear medicine were in the evaluation of function, both in the initial diagnosis and 
in monitoring the response to treatment. To the three examples chosen, Mr. Höfer 
suggested that it was important to add diseases of the liver and biliary tract. 
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Mr. Cuarón concurred as to the importance of the contributions of nuclear 
medicine in the evaluation of functional as opposed to morphological aspects of dis-
ease, a point supported by a number of other speakers from the floor. He also drew 
attention to the possible cost savings that could result from the utilization of nuclear 
medicine procedures, citing as example the diagnosis of amoebic abscess of the liver 
by liver imaging, which in Mexico had cut the hospital stay of patients with the dis-
ease from some three months to two weeks, to the great benefit of both the health 
services and the community. 

Mr. Abdel-Dayem agreed that nuclear medicine had an important potential role 
in any developing country, but stressed that a certain minimum level of development 
in the health services was necessary for it to exercise this role. If, for example, a 
country had no facilities for intensive care in coronary heart disease and no cor-
responding facilities for bypass surgery, it had no need for cardiac imaging. If, on 
the other hand, these facilities existed and invasive cardioangiography were prac-
tised, then relatively advanced nuclear medicine facilities were essential. 

A speaker from India reported that relatively advanced nuclear medicine facili-
ties were available in a number of institutions in his country, but that referring physi-
cians were often unaware of these facilities and did not make use of them. From the 
ensuing discussion it became apparent that this was a major obstacle to the growth 
of nuclear medicine, not only in developing countries but also in many advanced 
ones. Mr. Abdel-Dayem contended that there was a lack of understanding of nuclear 
medicine on the part of many physicians. Conservative physicians, especially in 
developing countries, were ignorant about new methods in medicine or were reluc-
tant to put them into practice. Added to this, the reputation of nuclear medicine often 
suffered from its being carried out by poorly trained personnel, with less than 
impressive results. 

A speaker commented that there could also be a psychological aversion to 
nuclear medicine arising from its use of radioactive materials, whereas diagnostic 
radiology using X-rays had long been accepted. 

Another speaker concurred with the earlier observation that confidence in the 
results of nuclear medicine procedures was often diminished by poor quality work. 
He emphasized the need for quality control in nuclear medicine. In the latter regard, 
Mr. Britton observed that quality control in nuclear medicine was in fact better than 
in diagnostic radiology, in which the need for it was only just being recognized. 

He commented that referring physicians tended to regard nuclear medicine 
procedures as of academic interest rather than as mandatory for correct diagnosis. 
A further speaker agreed that this was so. He suggested that there was a need, in 
reporting the results of nuclear medicine procedures, to give greater weight to diag-
nostic rather than analytical aspects, with more rather than less emphasis on mor-
phology. Mr. Abdel-Dayem accepted that it was essential for radionuclide imaging 
to take its place along with other imaging modalities. Diagnostic radiology had been 
established before nuclear medicine. It was understandable, therefore, that physi-
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cians were accustomed to the anatomical approach of the former. He insisted, 
however, that the efficacious delivery of medical care depended in high degree both 
on careful and detailed analysis of the results and on accompanying research on 
methods, so that the academic aspect was of great importance. 

Mr. Britton commented that the trend in Europe and North America was for 
nuclear medicine to be taken over as an imaging modality by departments of diagnos-
tic radiology. This led to a lesser emphasis on function as opposed to morphology 
in its practice. He gave his view that there was a need for more specialists in internal 
medicine to take up nuclear medicine to restore the balance. 

Ms. Chou agreed that nuclear medicine should not be regarded simply as an 
imaging modality, pointing out that its wider possibilities in non-imaging procedures 
could be highly appropriate to developing countries. In this connection, a speaker 
from the floor drew attention to the many applications of probe systems in dynamic 
studies. 

Mr. Cuarón raised the point that nuclear medicine tended to be a closed 
speciality. The meetings of nuclear medicine societies were rarely attended by out-
siders. Manufacturers of nuclear medicine equipment tended to address themselves 
to nuclear medicine physicians, not to other physicians or to the general public. He 
noted that the situation in this respect was different with computerized tomography 
or magnetic ressonance imaging equipment. He gave his view that there was an 
urgent need for education, both at the undergraduate and at the postgraduate level, 
as to the nature and scope of nuclear medicine. 

Various suggestions were made as to how the situation in this regard might be 
improved. One speaker suggested that nuclear medicine specialists should attend the 
meetings of other specialities, such as cardiology or urology, to present their work 
relating to these fields. Several speakers mentioned the need for a simple handbook 
which could be used to inform referring physicians as to the scope of nuclear medi-
cine. Mr. Cradduck drew attention to a recent publication of The Society of 
Nuclear Medicine1, covering both the general principles and the practice of the 
speciality and intended alike for medical students and referring physicians, which 
could be so used. Mr. Britton expressed some doubt as to whether such publications 
would be widely read. He considered that the need might be better satisfied through 
leading articles in the journals of other specialities. 

Several speakers referred to particular aspects of the situations in their own 
countries. It was reported that in Thailand the growth of nuclear medicine was ham-
pered by lack of requests from referring physicians, lack of awareness of needs on 
the part of the health authorities and also by lack of facilities for the maintenance 
and repair of equipment. In African countries south of the Sahara socioeconomic 
problems impinged on health care to the extent that medical projects were often 

1 ALAZRAKI, N.P. , MISHKIN, F.S. (Eds), Fundamentals of Nuclear Medicine, 2nd Edn, 
Society of Nuclear Medicine, New York (1988). 
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dependent on continuing external support. In Chile nuclear medicine services were 
virtually limited to the capital, so that a major part of the population had no access 
to them. 

A speaker appealed for more detailed information as to the cost effectiveness 
of nuclear medicine procedures in different circumstances, pointing out that such 
information could be of value in justifying the need for nuclear medicine services 
in developing countries. Mr. Britton expressed the view that the need was clear and 
that resources did not have to be diverted to justify it in this manner. Mr. Abdel-
Dayem gave his opinion that cost effectiveness was not the primary consideration: 
More important was the introduction of a work regime that would ensure full use 
of available facilities without wasting radiopharmaceuticals or allowing equipment 
to remain idle. He cited the example of his own institution, where by such means 
the number of procedures carried out per year had been increased tenfold without 
any increase in costs. He pointed out furthermore that nuclear medicine was not 
expensive as compared with related specialities, so that the funds assigned to it 
depended mainly on perceived priorities. 

A speaker. commented that the recurring costs of nuclear medicine services 
related mainly to radiopharmaceuticals. For the most part, such costs were accepta-
ble. However, newer radiopharmaceuticals such as 99Tcm HMPAO, 99Tcm MIBI 
and 99Tcm MAG3 were expensive. He suggested that the IAEA might assist 
developing countries by acting as a distributor of such items. 

Discussion then turned to the equipment needs for dynamic functional studies 
in nuclear medicine. 

Mr! Britton reviewed the evolution of nuclear medicine imaging equipment 
from the rectilinear scanner through the gamma camera to equipment for SPECT. 
He pointed out that the rectilinear scanner was a robust instrument, easy to maintain 
in most environments. Gamma cameras required a certain. minimum standard of 
environment, especially as regards air conditioning and power conditioning. Early 
models of gamma camera needed rather extensive quality control but the needs of 
later models in this regard were less stringent. Equipment for SPECT, on the other 
hand, still required a high standard of environment and needed extensive quality con-
trol. He considered that while simple probe detector systems could be used in rela-
tively poor environments, they still needed evaluation as regards their clinical 
usefulness in dynamic functional studies. Mr. Abdel-Dayem agreed. 

Several speakers referred to the difficulty in maintaining high technology 
equipment in developing countries. Others, in contrast, expressed the view that 
advice to developing countries not to install high technology equipment because of 
maintenance problems could hamper progress. Such countries, they, considered, 
should have high technology equipment at least in their major medical centres, where 
it would find important applications in promotional and teaching activities. 

Referring to the cost of equipment for SPECT, a speaker pointed out that for 
the price of a single SPECT system one might buy two or even three gamma 
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cameras. He questioned whether the latter option might not be preferable. Another 
speaker commented that the cost of including facilities for SPECT in a new gamma 
camera-computer system might be no more than an additional 20%, making this well 
worth while. 

Thé particular problems of maintaining equipment for SPECT in unfavourable 
environments were mentioned by a number of speakers. In this connection, 
Mr. Höfer drew attention to the indisputable value of SPECT as compared with pla-
nar imaging in specific clinical situations. 

Mr. Cradduck insisted that it was essential, in the choice of equipment for 
nuclear medicine, to consider the different circumstances in different countries with 
due regard to the wider issues of medical care. He pointed out that high technology 
nuclear medicine procedures such as SPECT might add only slightly to diagnostic 
information, yet at high cost. In advanced countries, in his view, far too many high 
technology procedures were performed for profit motives. Even in such countries 
many procedures could be and, indeed, in some institutions were carried out at a 
lower level of technology. Circumstances varied widely, but the needs of the patient 
should always be paramount. 

Ms. Chou agreed that many nuclear medicine services had no need of high 
technology. In China, she reported, there were more than 500 hospitals with such 
services. Only one fifth of these had gamma cameras and only a very few, in major 
cities, had facilities for SPECT. Two of the most common nuclear medicine proce-
dures carried out were probe renography and cardiac function studies with the 
nuclear stethoscope. 

Several speakers drew attention to the importance of effective maintenance and 
quality control of nuclear medicine equipment and the problems of providing these 
in developing countries. Mr. Britton emphasized that the most important step in the 
acquisition of any major item of equipment was the signing of the purchase contract, 
which should include provisions for the servicing of the equipmemt and for the train-
ing of staff in its use and day-to-day maintenance. Mention was made of the IAEA's 
programmes on equipment maintenance and quality control, which it regarded as 
complementary activities. While electronics staff within the nuclear medicine service 
should undertake regular care and maintenance of equipment and its environment, 
operational staff should undertake regular equipment quality control procedures. The 
quality control of the radiopharmaceuticals used in nuclear medicine was recognized 
as another important activity. Speakers referred to the need to train electronics, 
nuclear medicine and radiopharmacy technologists to an appropriate level for these 
duties, pointing out that such training often could not be given on an in-service basis. 

In concluding remarks directed particularly to the IAEA, Mr. Cuarón first 
drew attention to the saving in costs that could result from participation in interna-
tional or regional co-operation projects under its auspices. 

Mr. Britton referred to great advances in brain, heart and kidney imaging and 
functional studies which had been achieved in Europe and North America through 
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the introduction of 99Tcm HMPAO, 9 9Tcm MIBI and 99Tcm MAG3. He supported 
the earlier suggestion that the IAEA should promote the use of these radiophar-
maceuticals in developing countries by undertaking their distribution. At the same 
time he stressed the need for co-ordinated action by its various administrative units 
so as to provide integrated support, embracing all available forms of assistance, to 
nuclear medicine projects in developing countries. With particular reference to train-
ing of nuclear medicine physicians by fellowship, he emphasized the importance that 
such training should lead to certification, allowing the trainee to enter practice on 
completion of training. 

Mr. Abdel-Dayem also stressed the need for co-ordinated action by the 
various administrative units of the IAEA in providing support to nuclear medicine 
projects in developing countries. He insisted that such support should always be 
dependent on a commitment by the country and the institution concerned to carry out 
the project as proposed. He likewise emphasized that fellowship training of nuclear 
medicine physicians should lead to certification. 

Summmarizing, Mr. Höfer further emphasized the general requirement to 
secure at all times the maximum benefit to the patient. He drew attention once more 
to the need to educate other physicians in the nature and scope of nuclear medicine. 
Closing the discussion, he thanked all the panel members and other speakers for their 
valuable contributions. 
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