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Introduction
Throughout the long history of medical profession, infection has remained a constant danger. Although the development of antibiotic therapy had
favourable effects on many established infections, the overall incidence of
surgical infections has shown no decrease for the last 30 years.1»2 Moreover, the occurrence of nosocomial infections is estimated at between 2.5
and 15%, with an average of 7%.3 For these reasons, infection remains the
serious problem it always has been.
During the last two decades, the search has been continual for a better
means of diagnosing occult inflammatory processes. The development of
radiography and radio-nuclide scintigraphy have been of great importance
in offering diagnostic possibilities in the demonstration of inflammatory
processes.4'5 Several radio-nuclides, such as Gallium-67 citrate and
Indium-111 chloride, have been used for this purpose. 68 67Ga-citrate has
been found to have the greatest clinical applicability.915 In 1971, the first
localization of 67Ga-citrate in inflammatory lesions was described by Lavender et al.16 and Langhammer et al.17, when 67Ga-citrate was used as a
neoplasm scanning agent. After intravenous administration, 67Ga-citrate
strongly binds to the plasma proteins, like transferrin, haptoglobin and
lactoferrin.18'19 Other authors have described the binding of 67Ga-citrate
to polymorphonuclear (PMN) leucocyte membranes and even intracellular localization.20'22 Despite the many investigations, which have taken place, the actual mechanism of 67Ga incorporation into the different
lesions is still unclear.23 Besides the localization in infectious and neoplastic lesions, clinical studies have demonstrated an accumulation of activity in fresh surgical scars, colostomies, surgical drain sites, myocardial
and cerebral infarctions, fractures, non-infectious granulomas, etc. These
localizations combined with a normal uptake in liver, spleen and bowel,
are responsible for the lack of diagnostic specificity encountered in this
method for localized (intra-abdominal) infection.24'25
While searching for a more specific agent, the use of PMN leucocytes,
as a means of transport for a radio-nuclide to inflammatory lesions, has
been proposed.
In order to study the kinetics and survival of PMN leucocytes, in-vitro
radio-active labelled cells have been used, in both, animal experiments and
clinical situations.26"29 Most of the radio-nuclides used in these studies,
such as 51Cr, DFP 32 and tritiated thymidine, are not ideal for camera
imaging.
The first attempt to label leucocytes for localizing inflammatory lesions was
made by labelling whole blood in vitro.30"33 In other studies, leucocyte
enriched preparations were labelled with 51Cr, 99m Tc and 67Ga.34"40
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The labelling yield of all these methods was low, however, resulting in a
low target to background ratio.
An extensive evaluation of radio-active agents suitable for in vitro labelling of cells, was performed by McAfee and Thakur in 1976.41>42 In this
study, the most satisfactory results in labelling leucocytes were achieved
with n l I n and 99raTc-oxinate complexes. The 99mTc-oxinate complex
showed a lower stability constant, however, than the m In-oxinate complex, and the labelling efficiency with 99mTc-oxinate was lower than
obtained with Indium-111. Technetium 99m has a very useful gammaradiation of 140 KeV, but its physical half-life of six hours does not permit
its detection after 24 hours. The gamma-photon energies of 173 KeV and
247 KeV (89% and 94% respectively) and the half-life of 67 hours
make Indium-Ill a suitable isotope for detection in vivo, and prolonged
studies in vivo as well as in vitro.
The first clinical series using Indium-Ill oxinate labelled leucocytes in
the diagnosis of inflammatory disease, was published by Segal, Thakur et
a j 43,44 j t w a s t his which aroused our interest in this new diagnostic possibility.
A pilot study was performed with the results in the first 20 scintigrams
showing a high false-negative rate (Chapter II), which was rather discouraging. After modification of the labelling technique, a better result was obtained (Chapter II). The latter result stimulated us to undertake a clinical
study, which is the subject of this thesis.
The purpose of this study was to evaluate the diagnostic usefulness of
Indiurn-111 oxinate labelled autologous leucocytes in inflammatory disease.
A selection was made from those various categories of patients for whom
the need for a reliable and non-invasive diagnostic tool were most keenly
felt.
The results obtained in patients suspected of intra-abdominal or retroperitoneal located inflammatory lesions are described in Chapter III.
Chapter IV contains the description of an Indium-! 1 Heucocyte-99mTcSn-colloid computer-assisted subtraction technique for a better evaluation
of patients suspected of an upper-abdominal inflammatory process.
In Chapter V the study performed in patients after arterial reconstructive
surgery is described, and the results obtained in patients suspected of an
infected orthopaedic prosthesis are given in Chapter VI.
Last but by no means least is Chapter I. It provides an outline of the
theoretical aspects of leucocyte labelling with Indium-111 oxinate, as well
as giving a description of our labelling method and scintigraphic technique. The in-vitro and in-vivo studies performed to evaluate our method
conclude the chapter.
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Chapter I
Theoretical and practical aspects of Indium-Ill
oxinate leucocyte labelling. How can viability be
maintained?
1. Introduction
Indium-111 oxinate has been suggested as an efficient labelling agent
for leucocytes.1 Indium-Ill oxinate is a chelate formed by the trivalenf:
Indium-111 and oxine (8 hydroxyquinoline), which is know to be a bacteriostatic agent.2 The, at neutral pH, highly lipophilicIndium-Ill oxinate
complex penetrates the cell wall by passive diffusion. Intracellularly, the
complex is probably broken down as a result of the lower stability
constant for Indium oxinate than for protein-bound Indium. The intracellular localization of Indium was demonstrated by Thakur et al.3
The non-specific character of the labelling mechanism involved, however, makes cell isolation essential before incubation with the label.4 Besides, labelling has to be performed in the absence of plasma, due to the
preferentional binding of Indium-Ill to plasma transferrin.1'4
A method for the isolation and subsequent labelling of blood cells, to be
used as a matter of routine in clinical diagnostics, should meet the following criteria: (1) maintenance of viability, i.e. the capacity to stay in the
circulation (recovery and survival), as well as those cell properties essential
for the desired diagnostic feature (function); (2) maintenance of sterility;
(3) simplicity and reproductiveness of the method; (4) limitation of the
quantity of blood to be used; and (5) no elution of the label.
The viability of the labelled blood cells can be altered in various ways
due to the labelling process; i.e. mechanical, chemical, and/or radiationinduced damage.
Mechanical damage and subsequent loss of viability can be the result of
extensive manipulation during isolation. A short procedure, with a limited
number of centrifugation or resuspension steps, is advisable. This also favours the maintenance of sterility.
Chemical damage can be caused by different compounds, e.g. oxine, ethanol, being used in the labelling procedure.
Blood cells can also be damaged due to radiation. It is known from the literature that polymorphonuclear (PMN) leucocytes are quite resistant to
damage from external radiation.57 Lymphocytes, however, present as an
'impurity' in our cell preparations (1-3.1.1), are extremely sensitive to radiation.8 Since the label is localized within she cells, possible radiation
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damage will be due in a large part to the low energy Auger electrons.9'10
Zakhireh et al.11 demonstrated that an intracellular Indium-Ill radioactivity up to 29/iCi/106 PMN leucocytes had no detectable adverse effects on cell function. In the case of lymphocytes, however, a dose of
10 /iCi/108 cells has been found to affect their tissue distribution after
re-injection.I2>13
Cell viability after labelling can be: tested both in vitro and in vivo. Chemotaxis and phagocytosis are two essential properties of the PMN leucocytes in their role as inflammatory cells. Several functional in-vitro studies
for Indium-1.11 labelled leucocytes described in the literature are listed in
Table I.Ia. Apparently, the in-vitro viability tests were not seriously altered by the various labelling techniques in use at the moment (Table
n1415

Table I.Ia: In-vitro tests of Indium-Ill labelled leucocyte function
function

test

authors
11

Zakhireh et al.

Weiblen et al.14

Segal et al.15

n

n
n

motility
- random
on glass slides
n*
- directional
Boyden/agarose
n
(chemotaxis)
phagocytosis eosin dye exclusion
trypan blue exclusion n
bactericidal
staphylococcal
capacity
killing capacity
metabolic
_
function
° 2 consumption

n

-

n

* n = normal after the specific labelling procedures used by the authors mentioned (Table Lib), compared to non-labelled cells.

Table Lib: Characteristics of various leucocyte-labelling procedures
concentration
authors
Zakhireh et al.'' Weiblen et al. ' 4
Segal et al. ^
oxine fcg/106 cells)
ethanol (/il/ml cell suspension)
radio-activity QtCi/106 cells)
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0.1 - 1
1.5 - 5
2

-5

0.2- 2.5
10
1

- 10

0.05

5
2

The isolation procedure for leucocytes used for this study involves the
sedimentation by gravity of the bulk of red cells after the addition of
methyl cellulose.16 The, with this method observed, contamination of platelets and red blood cells may contribute to an aspecific background activity, decreasing the sensitivity of the method. Simplicity, however, favours
this method for routine applications over more complex ones yielding a
purer (less viable?) suspension.
Chemotaxic assays (a modified Boyden technique) were performed as
described by Hardeman17, testing the influence of different concentrations of oxine and ethanol (Fig. I.I). These experiments (Exp. 1 and 2,
Fig. I.I) demonstrated that a final concentration of 20 fig of oxine per ml
cell suspension as used in our pilot study (Chapter II) completely inhibited chemotaxis. The ethanol concentration used (20 /il/ml) did not influence chemotaxis. Our technique was modified, thereafter, by lowering the
amount of oxine to half of the original concentration, or less, as described
in Chapter II.
Chemotaxis

X X
A—A
•
•
O—o

Ethanol control
Exp1
Exp 2
Blank

Ethanol f.c.(%)
Oxine t

Fig. I.I: The influence of different ox ne and/or ethanol concentrations on
PMN-leucocyte chemotaxis. Exp. 1, Exp. 2; varying oxine and concurrently varying ethanol concentrations. Ethanol control; varying ethanol
concentration without oxine. Blank; without chemotaxic agent, representing the random migration
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The results were consistent with those of Zakhireh and Thakur et al.11
who found chemotaxis to be reduced to 8% at oxine concentrations of 25
fig per 106 cells and already significantly reduced to 75% at 10 /ig/106 cells
or more, but ethanol concentrations up to 100 jul/ml did not significantly
affect these functions.
In-vitro elution of the label into plasma or 0,9% NaCl was found to be
less than 1% of the radio-activity over a two-hour period. Detectable
amounts of oxine, however, are released with a maximum during the first
few minutes of incubation with plasma or 0.9% NaCl after labelling.
These in-vitro studies demonstrate a firm, intracellular binding of
Indium-Ill. 3 ' 14 Our studies with regard to elution of the label in vivo are
described in section 1-3.2.2.
Since in-vitro tests may not be completely reliable with regard to the invivo behaviour of the labelled cells, the only reliable method is the measurement of intravascular recovery and survival of the labelled cells, as well as
the demonstration of their migration into inflammatory lesions. All this,
of course, can only be done in retrospect, after re-injection into the biood
stream (for the studies in vivo, see Chapter 1-3.2).
On light and electron microscopic examination the majority of the cells
appeared normal, an increased vacuolation was rarely observed (Fig. 1.2).

2.

Methods

2.1.

Cell labelling technique

2.1.1. Cell isolation
General remarks
— AU glasware should be sterile and clean.
— All precautions to maintain sterility should be adhered to.
— Manipulation of the cells should be reduced to a minimum.
— While transferring cells, large-diameter needles should be used to minimize the risk of mechanical damage.
— The whole isolation procedure was performed in a closed system,
which makes working in a laminar flow cabinet unnecessary, as described by Hardeman.18
Procedure
Blood was obtained by venous puncture, flowing freely through a bloodcollection system into a sterile 30 ml vial containing 5 ml of ACD (Acid
Citrate Dextrose) as an anticoagulant. In total, 50 ml of blood was collected, using two separate vials. One ml of 2% (w/v) methyl cellulose in
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Fig. 1.2: Electron microscopic picture of labelled cells (5500x)
normal saline was added to each vial and carefully mixed with the blood.
The vials were left to stand for 45-60 minutes at room temperature, in order for sedimentation of the erythrocytes to take place. After this, the cellrich plasma was transferred into one empty 30 ml vial.
About 20-30 ml supernatant was obtained, containing about 50% of the
leucocyte content of the whole blood. The cell-rich plasma was subjected
to centrifugation at 200 g for 10 minutes and then the plasma was removed as completely as possible. The cell pellet was resuspended in 2 ml
of phosphate-buffered saline (pH 7.4). A macroscopic check on the pres-
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ence of aggregates was performed. A sample (0.2 ml) of the suspension
was separated for a cell count and to test sterility.
2.1.2 Labelling procedure
In the pilot study (Chapter II), a complex of Indium-Ill and oxine prepared in our laboratory was used. This was continued until a commercial
Indium-Ill oxinate complex became available.
Labelling was performed by adding about 500 /tCi of Indium-Ill oxinate
complex, drop-wise, to the cells. The incubation time was 15 to 20 minutes at room temperature, with gentle mixing from time to time.
After incubation, the labelled cell suspension was transferred into a syringe and the amount of radio-activity measured in a dose calibrator. The
dose administered varied between 250 and 500 jtiCi, but was dually about
350 /tCi. About 0.2 ml of the labelled cell suspension was kept
aside to test sterility and to assess the labelling efficiency.
Labelling efficiency was determined by filling capillary tubes with the
labelled cell suspension. The tubes were subjected to centrifugation in a
haematocrit-centrifuge and cut at the interface between the cell fraction
and the supernatant. Each part was deposited into separate counting
tubes. The radio-activity associated with both, cell fraction and supernatant was later counted in a gamma sample changer.
Before injection, however, the cell associated activity was roughly estimated in the dose calibrator, in order to obtain some idea of the labelling
efficiency. The labelling efficiency with both 'home-made' and commercial Indium-Ill oxinate were similar, with a mean of 82 ± 12.5%. In obtaining this labelling percentage, it was considered unnecessary, with regard to the minimizing of cell manipulation too, to rewash the cells after
labelling. The non-cell bound activity will be bound to plasma transferrin
after intravenous injection.
The amount of oxine in the home-made Indium-Ill o^inate complex
added to the cells varied between 5 and 10 /tg/ml cell suspension. Within
this range chemotaxis will not be seriously affected (Fig. I.I).
The commercially available Indium-Ill oxinate complex* is an isotonicaqueous solution with a pH of 2.5-3.5. At activity reference time, this preparation contains 1 mCi Indium-111 (as Indium oxinate) and 25 /ig oxine in
1 ml. Before being added to the cell suspension, the pH of the Indium-111
oxinate complex was adjusted to pH 7.2-7.4, with an aqueous solution of
TrisbufFer 0.2 M, pH 7.9-8.1.
Because the Indium-111 oxinate preparation was mostly used before actual activity reference date, the volume of Indium-111 oxinate complex
that was needed resulted in a concentration of 3.0 tot 10 ng oxine per ml
cell suspension.
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The advantages of this commercially available Indium-Ill oxinate compared with the home-made complex are:
— it is an aqueous solution, without ethanol present;
— it provides the possibility to work with a preparation of constant quality; and
— it leads to a substantial simplification of the whole procedure of labelling blood cells.

2.2 Scintigraphic technique
Scintigrams were performed in our pilot study about four and 24 hours
after injection of the labelled cells. The scintigraphic results obtained in
this series, and results described by several other authors,4 suggest that
the best images of inflammatory lesions are obtained 20-24 hours after injection of the labelled cells. A very active inflammation may already be
visible 4 hours after injection, although no definite conclusion can be
drawn from a negative scan at that stage.
Scintigrams were performed on a 15l/4-inch large field of view gamma
camera (Searle Radiographics), with a medium energy parallel hole collimator and interfaced on line with a DEC Gamma-11 computer. The pulse
height analyzers were set to the 173 and 247 KeV Indium-111 peaks and
acquisition time was 10 minutes. Analogue images were photographed as
were images from the video display of the computer.
Anterior views were taken in all patients. In the case of a suspected posterior location of a lesion, posterior views were also taken. Lateral and right
and left oblique views were helpful in localizing abnormal activity in relation tc other structures.
For lesions expected to be located in, or in relation to, liver and spleen, an
Indium-111 leucocyte-Technetium-99m-Sn colloid computer assisted subtraction technique was used. This technique is described in Chapter IV.
A Technetium-99m-diphosphonate bone image was also performed in
several patients suspected of a skeletal localization of an inflammatory lesion. Locations of accumulated activity of both images were compared
(Chapter VI).

* Manufactured by Byk-Mallinckrodt CIL B.V., Petten, The Netherlands.
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3.

Method evaluation

3.1. In vitro
3.1.1. Cell preparation; cellular composition
Table I.II shows the various cell counts obtained in the final suspension. There was a wide range in the leucocyte count, varying between 25
and 300x109/l, depending on the patients whole blood values. The overall
recovery of the leucocytes was approximately 20 to 40% of the initial
number of leucocytes. The concentration of leucocytes in the 2 ml cell
suspension was about 8-10 times higher than in whole blood. Differential
counts, performed with the use of a cytospin, generally revealed 68 ±
11% PMN leucocytes and 32 ± 12% lymphocytes. These values are similar to the normal differentiation observed in whole blood.

Table I.II : Cellular composition of the preparation

leucocytes
red blood cells
platelets

cell counts x 109/l
(range)

% of total cell count
(mean ± s.d.)

25 - 300
30- 400
20 - 1200

25.0 ± 14.5
29.2 ± 13.8
45.3 ± 17.9

A red cell content varying between 30 and 400x109/l was observed. The
platelet count varied between 20 and 1200xl09/l. We are not aware of any
reports in the literature about the numbers of platelet contamination.
Most other isolation procedures, which have been published thus far,
have described one or two extra washing steps after the initial centrifugation of the cell rich plasma. The use of a slow spin, before the final centrifugation in order to obtain the leucocyte pellet, has also been advocated.
These procedures are thought to lower the platelet contamination.

3.1.2 Cell preparation; radio-activity distribution
In order to find out about the distribution of activity over the different
cell types, after labelling of the 'mixed' cell suspension, and analysis of 10
labelled cell suspensions was made.
In seven patients, in one patient on three occasions, leucocytes were isolated using a double amount (2x50 ml) blood. The two final cell suspensions each of 2 ml which were obtained in each of these patients, were
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transferred into one vial and labelled as described in 1-2.1.2, also using a
double amount of activity. The labelled cell suspension was then again divided into two equal portions (2 ml). One portion, of a known activity,
was administered to the patient. Distribution, the absorbed radiation dose
and kinetic studies in these patients are described in 1-3.2.1 and 1-3.2.2.
The scintigraphic results in these patients were in correlation with the
clinical findings.
The second 2 ml portion of the labelled cell suspension was analyzed.
The routine cell counts of the suspension and an additional differential
count were performed.
After mixing the cell suspension with 20 ml of the patient's own cell
free plasma, the suspension was subjected to centrifugation at 130 g for 10
minutes, in order to obtain a platelet rich plasma. After removal of this
platelet rich plasma, the remaining cell suspension was subjected to centrifugation at 450 g for 5 minutes. After removal of the supernatant, the
cell pellet was resuspended in 2 ml phosphate-buffered saline and brought
on a Ficoll layer (density 1.095) and centrifugation at 2000 g for 10 minutes took place. This resulted in a red cell pellet on the bottom of the tube
and a supernatant containing predominantly polymorphonuclear leucocytes and lymphocytes. The supernatant was then transferred on top of a
second Ficoll layer (density 1.072) and centrifugation (2000 g, 10 minutes)
took place. The PMN leucocytes will be pelleted at the bottom and the
lymphocytes remain in the supernatant.
Table I.III: Percentage of total cell bound activity taken up by the different cell
ided in the cell suspension
red blood
cells

platelets

1
2
3
4
5
6
7
8
9
10

27.3
16.0
26.0
52.5
10.5
14.0
10.7
13.4
16.9
54.1

18.2
19.5
12.0
14.3
11.5
5.0
10.5
4.5
3.4
18.8

x"

24.1
16.4

11.8
6.0

experiment

sd

PMN

lympocytes

total
leucocytes

28.3
51.2
50.0
17.3
40.4
46.9
42.1
38.8
21.6

26.2
13.3
12.0
15.9
37.6
31.9
40.0
40.9
5.5

54.5
64.5
62.0
33.2
78.0
81.0
78.8
82.1
79.7
27.1

37.4
12.3

24.8
13.5

64.1
20.2

leucocytes
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Cell counts and differential analysis performed of all fractions revealed
purification up to 90% of all cell types. Radio-activity counts were
performed of standard volumes of all fractions after washing and lysis.
In this way, the activity per cell could be calculated for each cell type. On
the basis of the cell counts of the original suspension and the calculated activity per cell, the percentage of activity taken up by each cell type was
determined. Table I.III shows the different values obtained. In Table I.IV
the percentages cf activity taken up by the different cell types in relation
to the cellular composition of the cell suspensions of these seven patients
(10 cell suspensions) is given.

Table I-IV: Cell type bound activity in relation to the cellular composition
of 10 consecutive cell suspension

leucocytes
red blood cells
platelets

% of total cell bound activity
(mean ± s.d.)

% of total cell count
(mean ± s.d.)

64.1 ± 20.2
24.1 ± 16.4
11.8 ± 6.0

21.9 ± 8.8
28.0 ± 6.8
50.3 ± 12.0

The leucocyte fraction was found to bind 64.1 ± 20.2% of the total cell
associated activity. About 60% of this amount was taken up by the PMN's
and 40% by the lymphocytes. This ratio is only slightly different from the
mean differential counts of the cell suspension, 68% and 32% respectively
(1-3.1.1). The mean uptake in the red cells was 24.1 ± 16.4%. In patients
4 and 10, more than 50% of the activity was bound to the red cell fraction.
This resulted in a substantial lower leucocyte associated activity of 33.2%
and 27.1%, respectively. The scintigraphic results were apparently not seriously affected by these low values. In fact, patient 10 showed a clear uptake of activity in a groin abscess. Thakur et al.19 reports that not more
than 5% of radio-activity was taken up by a 10-30% red cell contamination.
The platelet fraction was found to contain about 11.8 ± 6% of the cell
bound activity.

3.2.

In vivo

3.2.1. Distribution and absorbed radiation dose
The in vivo distribution of labelled cells is to a large extent dependent
on the viability of the cells (re-injected) and of the composition of the la-
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belled cell suspension administered. These factors can lead to disparities
in the activity distribution and hence to the absorbed radiation dose received by the different organs.
Dynamic images performed after intravenous injection of the labelled
cell suspension showed a rapid uptake of activity in the lungs, liver and
spleen (Fig. 1.3a). Following images after one and four hours (Fig. I.3b,c)
showed slowly disappearance of the lung activity. The uptake in liver and
spleen remained. Images, obtained at four hours after injection, already
show some bone-marrow activity. This activity increases slowly and is
quite clear on ihe 20-24 hour images. Bowel uptake, not based on an
inflammatory process, was observed in about 4% of the scintigrams performed for intra-abdominal inflammatory lesions (Chapter III) and about
12.5% in patients after arterial reconstructive surgery (Chapter V). Uptake in kidneys and bladder was not observed without the presence of an
inflammation.

Fig. I.3a: 10 minutes

Fig. I.3b: 1 hour

Fig. I.3c: 4 hours

The concentration of activity in the liver, spleen and bone marrow is
caused by non-circulating (less viable?) cells. Due to the discrete shape and
size of the liver and spleen, in vivo quantitation of radio-activity in
these organs is possible. However, in vivo quantitation of radio-activity in
bone marrow presents difficulties due to its distribution throughout the
body. No reliable quantitation method has been found so far. We have
therefore quantitated liver, spleen and circulating blood activity and made
the assumption that since there is minimal (urine) excretion (1-3.2.2), the
rest of the Indium-111 radio-activity in the body is wholly concentrated in
the bone marrow. This will give a maximum estimation of radio-activity
in the bone marrow and hence of its absorbed radiation dose.
Quantitation of the liver and spleen radio-activity was carried out from
the images in the anterior and posterior view obtained with the gamma
camera and computer. Regions of interest were marked over the liver and
spleen activity and in a background area below each organ. The average
background counts corrected for the size of each organ was subtracted
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from the organ counts. The total count for liver and spleen were then calculated using the geometric mean method.20 The thickness of the patient
was measured in a lateral view by the distance between radio-active point
sources placed on the anterior and posterior contours of the body. The
geometric mean counts are approximately independent of the organ geometry in the body, but dependent on the thickness of the patient.20 In
converting mean geometric counts to fid of radio-activity requires knowledge of the attenuation of the radiation in the body and of the efficiency
of the instrumentation (gamma camera, colimator, energy window, etc).
For this conversion we used phantoms which closely resembled the liver
and spleen in size and shape in order to determine calibration factors (geometric mean counts//tCi) for each body thickness.21 The total circulating
blood activity was calculated according to the method described in section
1-3.2.2.
Two series of patients were studied. One (n = 13) at 24 hours after reinjection of labelled cells and the other (n = 11) during a four-day period
following re-injection of the cells. This latter series provided data concerning the redistribution of the Indium-Ill in the organs.

MEAN DISTRIBUTION
%of the
injected
activity
50-1

40-

30-

20-

10O-l r

0

10

20
K—X Blood

30

40

50

Liver

o-o Spleen A—A Rest x' Bone Marrow'

60

70

80
90
100
hours post injection

Fig. 1.4: Mean distribution of radio-activity in percentage of injected dose
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Figure 1.4 gives the mean distribution in the series of 11 patients of
Indium-Ill in the liver, spleen and total circulating blood between 1 and
96 hours after re-injection of the labelled cells. The bone marrow distribution is the rest of the activity not accounted for by the sum of the liver,
spleen and circulating blood activity. The 24 hour percentage of injected
activity measured in the liver and spleen was 20.1 ± 5.1% and 14.7 ±
5.5% respectively. In the other 13 patients these values were 15.9% ±
6.1% and 11.4% ± 4.0% respectively, and although slightly lower did not
differ significantly.
Using the data from the series of 11 patients the absorbed radiation dose
per mCi injected activity was calculated according to the MIRD methods
and tables.22 Preliminary results are given in Table I.V. A comparison of
the absorbed radiation dose for liver, spleen and bone marrow from the '
Indium-111 labelled leucocytes quoted in the literature are also presented
in Table LV.

Table I.V: Absorbed radiation dose from Indium-111 labelled leucocytes
rads/mCi
ce!i suspension
authors
liver
spleen
bone marrow
characteristics
present study23
Thakur et al.19
Goodwin et al.24

mixed leucocytes,
platelets, red cells
leucocytes contaminated
with red cells
mainly neutrophils

3.3

13.6

1-5

6-18

2.8

17

3.3

4.6

The composition of the cell suspension and associated radio-activity of
each cell type was also determined in these patients (1-3.1). No correlation
could be found between the activity distribution in the different organs
and the activity distribution among the cell types. Moreover as demonstrated in Table I.V, the absorbed radiation dose to the different organs
is comparable even with different cell suspension characteristics.

3.2.2 Kinetic studies
The intravascular recovery was assessed in 11 patients. Ten ml blood
samples were obtained with EDTA as an anticoagulant at approximately
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1, 4, 12, 24, 48, 72, 96 hours after injection of the labelled cells. Of each
sample whole blood, 1 ml was reserved for measurement of whole blood
activity. Four ml were subjected to centrifugation at 130 g for 10 minutes
to obtain platelet rich plasma (PRP), in order to measure platelet associated activity.
Another 3 ml portion of whole blood underwent centrifugation at 2000 g
for 10 minutes, to obtain cell free plasma for assessment of the plasma
activity. One ml samples were counted in a gamma sample changer.
Cell counts (leucocytes, platelets, red cells), differential counts and haematocrit were determined from each whole blood sample. Platelets in the
PRP were also counted. The total circulating platelet associated activity
was calculated from the counts and the number of platelets in 1 ml of
PRP, and the number of platelets in 1 ml whole blood x total blood volume.
The total cell associated activity in whole blood was determined according
to the following formula 14:
total cell - associated cpm/ml = whole blood cpm/ml — (1-het) plasma cpm/ml

The intravascular recovery, i.e. the percentage of the administered cell
bound activity recovered in the circulation, was calculated as follows 14:
total cell associated act. cpm/ml x total blood volume (ml) x 100
cell bound activity injected

% recovery
o

o

total cell bound activity

p.ii

.—.

leucocytes + red cell bound activity
platelet bound activity

1 4

23

48

71

£15

hours post injection

Fig. I.5a: Intravascular recovery of total cell associated activity, the platelet associated and leucocyte (+ red cell) associated activity
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The activity associated with the leucocyte (+ red cell) fraction was determined by subtracting the total circulating platelet associated activity
from the total circulating cell associated activity.
The intravascular recovery of, respectively, the total cell bound activity,
the platelet and the leucocyte (+ red cell) associated activity at several
time intervals were plotted in Fig. I.5a. The intravascular recovery of the
total cell bound activity was 41.2 ± 11.1% at one hour after injection. A
rapid decrease in activity was observed in the first four hours. Weiblen et
al.14 reports a half-life of 5.0 ±1.6 hours of pure Indium-111 oxinate leucocytes. Former DFP- 32 labelled leucocyte studies reported a half-life of
five to seven hours.25»26 So that the half-life of Indium-111 labelled leucocytes seems to correspond with these values. It is likely, therefore, that the
first part of the curve is based on the rapid disappearance of leucocyte
bound activity from the blood. The second part of the curve is mainly defined by the disappearance of platelet bound activity.
The time course of plasma activity representing the injected non-cell
bound activity is given in Fig. 1.5b, in relation to the whole blood activity.
A steady decrease was observed. As may be deduced from those plasma
values, an appreciable in-vivo release of the cell bound label is not very
likely.

% recovery
full blood activity

ruio
50

n=io

* plasma activity

40

n=io
n=io
30

n=io

11=10

20-

10

-I14

12

22

ï
48

£—.
71

95

hours post injection
Fig. 1.5b: Whole blood recovery and plasma activity
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Urine excretion was measured in five patients up to five days after injection. A maximum excretion of 1.8% of the injected dose per day was observed (not shown). The mean value was 0.67 ± 0.6% per day. The excretion did not increase in time.
In 18 patients operated shortly after scintigraphy, the amount of activity
in material obtained at operation was measured and was related to the
whole blood value at time of surgery. A two to 13 times higher concentration of activity in pus than in blood was found in eight patients with truepositive scans. In three other patients with true-positive scans, much
lower ratios were found, 0.44, 0.82 and 0.99, respectively.
Four patients with false-negative scintigrams showed the following values:
0.31, 0.34, 0.37 and 0.41 for intra-abdominally located lesions. In another
patient with an infected liver cyst and a false-negative scan, a 1.42 pus-toblood ratio was found. In a patient with an infected hip prosthesis and a
false-negative scan, the following ratios to blood were found: joint fluid
0.16, bone 0.30 and joint capsule 0.30. Material of an infected aortic bifurcation prosthesis (scan positive) was found to have a ratio of 28.5 to blood.
Material was obtained at autopsy in two patients. The following values
were found:
organ-to-blood ratio
patient 1
patient 2
spleen
liver
bone marrow
kidney
pancreas

11.7
4.6
1.05

0.3

154
31.o
35.5
5.6

0.29

4. Discussion
The question posed in the title of this Chapter is the most important
feature in the art of cell labelling. Complete isolation and labelling of
different blood cells with preservation of cell viability is the ideal for
which to strive.
Isolation of cells in vitro implies removal from their natural environment and several centrifiigation and washing steps. A better purification
often results in impairment of their functional integrity. The isolation of
leucocytes by sedimentation of the red cells as used in this study results in
a mixed population of PMN leucocytes, lymphocytes, red cells and platelets. These preparations are probably inadequate for kinetic studies, but
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suitable for gamma-camera imaging of organ and tissue localizations.
Radio-activity has shown to be taken up to a varying degree by the different types of cells (Table I.III). Red cell contamination of the preparation
results in a lower leucocyte bound activity and a lower target to background ratio. The red cell contamination (29.2 ± 13.8%) obtained in our
preparation was equal to that reported by other authors using similar
methods (Thakur: 10-30%;27 Goodwin: 28 ± 12% 28 ). Although, as described in Chapter 1-3.1.2, a good abscess visualization was even obtained
in the presence of more than 50% red cell activity, it is advisable to minimize red cell contamination as much as possible, so as to increase the sensitivity of the method.
Platelets are found to play a role in the cellular inflammatory response.
Adhesion of platelets occurs in vessels adjacent to inflammatory sites.29'30
This phenomenon may even contribute to the localization of Indium-Ill
oxinate at the site of an inflammatory lesion. For this reason, we did not
consider the platelet contamination to be a serious disadvantage. But one
has to be aware of accumulation of platelets at sites other than the inflammatory ones.
About 40% of the leucocyte bound activity was found to be associated
with lymphocytes. Unlike other observations,28 clear localization of activity in lymph nodes was not demonstrated by camera imaging unless an inflammatory process was present. Recirculation of lymphocytes was found
to be impaired with as little as 10 /iCi/108 cells and a reduced uptake in
lymph nodes with 150 /iCi/108 cells,12 which is in the same order of magnitude as the minimal lymphocyte associated activity that can be calculated from our results, since lymphocyte associated activity was generally
much higher (up to 2000 iiCi/108 cells) in our mixed cell suspension. It
may easily be assumed that most lymphocytes are seriously damaged and
do not function normally after re-injection. Hepatic and splenic sequestration of these damaged cells is likely.12'13
About 20% of the dose injected consisted of non-cell bound activity resulting in binding of Indium-Ill to plasma transferrin. In the acute inflammatory response, increased vascular permeability with extravasation
of cells and plasma proteins is the mean feature. In earlier studies, localization of radio-iodinated albumin and Indium-Ill transferrin in inflammatory lesions has been demonstrated to be based on this increase of permeability.31"33 Therefore, the presence of Indium-Ill transferrin due to
injection of non-cell bound activity was not considered to be a disadvantage, either.
The viability of the labelled cells has been demonstrated by our in-vivo
studies. The intravascular recovery of the cell bound activity of more than
40% at one hour post injection is as good as that reported by others.14'28
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Accumulation of activity in pus or inflammatory tissue in relation to blood
strongly suggest migration of labelled cells into inflammatory areas. The
advantages and disadvantages of our labelled mixture of cells and their
possible role in the diagnosis of inflammatory lesions have been discussed.
The question regarding the maintenance of viability has been answered.
In the following chapters, the clinical results obtained with Indium-111 labelled 'leucocytes' will be evaluated.
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Chapter II
Indium-Ill labelled leucocyte scintigraphy in the
diagnosis of inflammatory disease - First results
Mechelien H. Rövekamp, M. R. Hardeman, J. B. van der Schoot and
A. J. Belfer
From the Departments of Surgery, Internal Medicine and Nuclear Medicine, Academic Medical Centre and Academic Hospital Wilhelmina Gasthuis, University of Amsterdam, Amsterdam

Summary
In 61 patients, 66 scans were performed with Indium-111 labelled autologous leucocytes, to evaluate this method in the diagnosis of inflammatory disease. All scintigraphic results were compared with clinical, operative
or postmortem findings.
In the first 20 examinations in 19 patients, two scintigrams were true
positive, nine true negative and none false positive, whereas nine scintigrams had to be considered as false negative. These false negative results,
were probably due to loss of viability of the labelled cells.
A modified labelling technique, in which a much lower concentration of
oxine was used, was employed for a further 46 examinations in 42 patients. Twenty-four scintigrams were true positive and 22 true negative,
while no false-positive or false-negative results were observed. These results suggest that this modified technique is useful in the diagnosis of inflammatory disease.

Introduction
Diagnosis of inflammatory diseases, especially intra-abdominal abscesses can be difficult. To aid diagnosis, ultrasound, computerized axial tomography and gallium-67 scintigraphy have been used with an accuracy of
90% 13 j however, others have had less success4.
The use of scintigraphy with gallium-67 is restricted by its uptake in
bowel, liver, spleen and kidneys; thus lesions related to these organs are
difficult to identify. Gallium-67 citrate accumulates in tumours and ab-
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scesses so that differentiation between them is not possible.5 Another disadvantage is the 24 to 48 hours required for diagnosis. Ultrasonography is
non-invasive and provides an immediate result, but its use is limited by
intra-abdominal gas, and differentiation between abscesses, cysts and haematomas is difficult.6'7
Computed tomography accurately locates small circumscribed lesions,
yet diffuse processes are difficult to diagnose, and differentiation between
abscesses and other fluid collections is difficult.8
A new technique, first described by Thakur et al.9"13 in which autologous leucocytes labelled with Indium-Ill oxinate are used for visualization of inflammatory sites was employed in this study.

Patient and methods
Patients
A total of 66 examinations was performed in 61 patients. In the first 20
examinations in 19 patients (series I) leucocytes were labelled according to
the method described by Thakur et al.12. In the remaining 46 examinations in 42 patients (series II) a modified labelling technique was used.14'15
All 61 patients were clinically suspected of having an inflammation or
localized infection. No definite diagnosis was made before scanning. The
patients came from the departments of general surgery (33 patients), vascular surgery (7 patients), orthopaedic surgery (6 patients) and internal
medicine (15 patients).

;
;
!
U
1
•

Methods
The labelling procedure consisted of three phases:
1. Cell separation: From each patient two volumes of 25 ml venous peripheral blood were drawn into sterile 30 ml bottles containing 5 ml ACD,
to which 1 ml of 2% methyl cellulose in isotonic saline v/as added. These
volumes were left for 45 to 60 minutes at room temperature to allow the
erythrocytes to settle. Meanwhile the Indium-Ill oxinate was prepared
(see below). After sedimentation the platelet- and leucocyte-rich plasma
was transferred to another bottle and spun at 200g for 5 minutes. The
plasma was removed and the cell pellet resuspended in 2 ml of isotonic
buffered saline (pH 7.4).
2. Preparation of Indium-Ill oxinate: A suitable quantity of IndiumI l l chloride* was mixed with 0.1 ml oxine solution in ethanol
* Manufactured by Byk-Mallinckrodt CIL B.V., Petten, The Netherlands.
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(1 mg/ml) and 0.5-1.0 ml acetate buffer (pH 5.0). The obtained complex
was extracted in an equal volume of chloroform and then evaporated to
dryness. The residue was dissolved in 0.2 ml absolute ethanol to which
was added 0.8 ml sterile normal saline.
3. Cell labelling: To 1.8 ml of the above-mentioned suspension (0.2 ml
was taken for cell counts) a quantity of the Indium-111 oxinate solution —
providing the required radio-activity — was added drop-wise. After incubation for 15 minutes at room temperature, the labelled cells were drawn into a 3 ml syringe. A small aliquot was left to assess the labelling efficiency
and to test sterility. The radioactivity of the labelled cells was measured in
a calibrator. Thereafter the labelled cells were administered directly intravenously.
In the first 20 patients (series I) 500-1000 /*Ci Indium-Ill with a final
concentration of 20 ng oxine per ml cell suspension WPS used, while in the
remaining patients (series II) 300-500 /*Ci Indium-111 with a final concentration of less than 10 ng oxine per ml cell suspension was used.
The labelling efficiency obtained in both series varied from 65 to 98%
with an average of 85%. The minimum time required between the venous
puncture and re-injection was about 1 lh hour.
Scans were performed 4 and 24 hours after administration of the labelled cells. K\5lk" large field gamma camera with a medium energy parallel hole collimator and a dual analyzer centred on the two photopeaks of
Indium-Ill (173 and 247 KeV) was used. Counts were collected for 10
minutes (200-500 K counts) and analogue polaroid pictures were taken.
The information was also registered in an on-line minicomputer (Gamma11) for later evaluation.

Results
All scans four hours after injection showed a high level of activity in
liver and spleen and a relatively high background activity in the lungs,
heart and major arteries (Fig. II. la). Abnormal accumulation of radio-activity can already be seen at this time. Twenty-four hours after injection,
no activity was found in the lungs. The activity in liver and spleen
remained and only a slight activity was observed in the sternum, vertebral
bodies, pelvic bones and femur, while there was no uptake in bowel and
kidneys (Fig. II. lb). If an inflammatory process was present, a good visualization was possible at this time. In some cases a 99m Tc diphosphonate
skeletal scan or a 99mTc-Sn-colloid liver scan were also performed to
obtain a better interpretable result. Technically satisfactory scans were
obtained in all patients.
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Fig. II.1
Normal scan. a. 4 hours
and b. 24 hours after
injection. Note the difference in activity in lungs,
heart and major arteries,
and the usual accumulation
in liver, spleen, sternum,
vertebral bodies, pelvic
bone and femur

In the first series the following results were obtained: two true positives
(positive scan, infection confirmed), nine true negatives (negative scan, no
infection found by follow-up), no false positives (positive scan, no infection) and nine false negatives (negative scan, infection proved). Nineteen
scans in this first series were performed in 18 patients who were suspected
of having an abdominal inflammatory process. Two of these scans were
true positive, nine true negative and eight false negative. The remaining
scan, which was false negative, was performed in a patient suffering from
a pleur al empyema.
In the second series, in which the lower dose of oxine was used, 46 scintigraphic examinations were performed in 42 patients with the following
results: 24 true positives and 22 true negatives, no false-positive or falsenegative results were found. Thirty scans of this second series were performed in 21 patients with an abdominal localization, five scans in four
patients with a hip prosthesis, and five scans in four patients who were
suspected of having a low-grade infection of their aortic bifurcation graft.
Another six scans were performed in patients suspected of an inflammation elsewhere.
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Tabel ILL Results in series II in relation to the expected sites of inflammatory lesions
positive

negative

16

14

hip prosthesis

2

3

vascular prosthetic graft
(n = 5)

3

2

miscellaneous

3

3

24

22

intra-abdominal sepsis
(n = 30)

(n = 46)

Table II.I shows the results in the second series in relation to the expected sites of inflammation. These results appeared to be either true positive
(i.e. confirmed by operation, autopsy or clinical course) or true negative.
No false results were observed.
\

. 'J

Table II.II. Sites of inflammation or infection in patients with intra-abdominal sepsis who had positive scans in series II
site of inflammation/infection
n = 16
subphrenic left (post splenectomy)
subhepatic (abscess, bile fistula)
pancreas (pancreatitis, sequester)
right lower quadrant infiltrate
right retroperitoneal abscess
left retroperitoneal abscess
pelvic abscess
wound infection
gallbladder carcinoma

1
3
2
1
1
5
1
1
1
_ ...

Sixteen out of the 30 scans performed in patients with abdominal sepsis
were true positive, the sites of infection are listed in Table II.II. A typical
scan of a patient with a left retroperitoneal abscess is shown in Fig. II.2, a
subhepatic abscess after endoscopic papillotomy in Fig. II.3, and a pancreatitis in Fig. II.4.
Two scans in patients with a hip prosthesis were true positive (Fig. II. 5)
and were confirmed by operation. Of the five scans performed in patients
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Fig. II. 2. Scan of a patient with a left retroperitoneal abscess
Fig. II.3. Scan of a patient with a subhepatic abscess

Fig. II.4. Scan of a patient with pancreatitis
a. positive scan, b. normal scan 2 weeks later, after clinical recovery

Fig. II.5. Positive scan of a patient with a low-grade infection around a hip prosthesis (right side). The arrow indicates the abnormal activity on the lateral side and distal end of the prosthesis
Fig. II.6. Scan of a patient with an infected aorta bifurcation graft (distal anastomotic site)
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suspected of an infected vasculai graft (Table II.I), three were confirmed
by operation to be true positive, the other two proved to be true negative.
Fig. II.6 shows the scan of a patient with an infected bifurcation graft.
The infection extended from the right groin into the right iliac region.

Discussion
After injection of labelled leucocytes, these cells accumulate at a site of
inflammation which can then be detected externally by scintigraphy.
Indium-111 is a suitable radionuclide for clinical use. It emits two gammaphotons which are externally detectable. Its half-life of 67 hours allows repeated scintigraphic studies after injection and repeated injection after one
week. The Indium-111 oxinate comple?: is lipid-soluble; the leucocytes are
labelled via passive diffusion through the cell membrane9. Other blood
cells (e.g. platelets and erythrocytes) wili be labelled as well. Moreover
Indium-111 has a great affinity to plasma transferrin.11'16 This indicates
that ideally the labelling of leucocytes should be done in the absence of
other cells and plasma.
The methyl-cellulose separation method results in a cell suspension consisting of a variable number of polymorphonuclear leucocytes, a more or
less smaller number of platelets and an insignificant number of red blood
cells. This impurity does not seem to affect the interpretation of the results. The advantage of this simple method for cell separation is the high
viability of the isolated leucocytes, unlike other more complex methods of
cell separation.12
The relatively high number of false-negative results in our first series
could be explained by the loss of viability of the cells after labelling, which
was due to the concentration of oxine used in the labelling procedure. 14>15
For this reason a modified labelling technique with a lower concentration
of oxine was used in the second series. Our results with the modified labelling technique, indicate a high degree of accuracy.
When using the Indium-111 leucocyte scan as a diagnostic test, properly functioning white blood cells are essential. There are certain patient
conditions which affect the leucocyte function, such as administration of
steroids and/or anti-inflammatory drugs, hyperahmentation, haemodialys j s 17,18 Furthermore, in leucopenic patients the number of white cells is
too small. For this reason the use of donor leucocytes in these patients has
been reported.19'20
The mechanism of this technique implies that every leucocyte accumulation will result in an accumulation of radio-activity. In our series we
were able to differentiate between abscesses and infiltrative lesions on clinical grounds. In our experience tumours did not accumulate leucocytes,
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however, inflammatory reactions around the tumour might do so, as occurred in the patient with the gallbladder carcinoma (Table II.II). Moreover, we observed that in patients scanned shortly after operation, normal
wound-healing processes did not give rise to a substantial accumulation of
activity,21 so that these processes did not affect the ultimate results.
From this study we can conclude that our results confirm Indium-Ill
leucocyte scintigraphy as a reliable diagnostic procedure for inflammatory
and infectious lesions.
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Chapter III
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Indium-Ill oxinate labelled leucocyte scintigraphy
in the diagnosis of intra-abdominal inflammatory
processes
Mechelien H. Rövekamp, W. H. Brummelkamp, J. B. van der Schoot,
S. C. C. Reinders Folmer and E. A. van Royen
From the Departments of Surgery and Nuclear Medicine, Academic Medical Centre and Academic Hospital Wilhelmina Gasthuis, University of
Amsterdam, Amsterdam

Summary
Over a 2lh year period, 225 scintigrams with Indium-111 oxinate labelled leucocytes were performed in 184 patients suspected of an intra-abdominal, retroperitoneal or pelvic inflammatory process. In patients suspected of an upper abdominal process, an Indium-111 leucocyte-99mTc-Sn colloid subtraction was performed, in order to eliminate the normal liver and
spleen uptake. 123 Scintigrams were considered true positive (82 surgically confirmed) and 73 true negative (11 surgically confirmed). A diagnostic
accuracy of 87% was calculated. With 18 false-positive scans (7 surgically
confirmed), an 80%-specificity and with 11 false negatives (10 surgically
confirmed) a 92%-sensitivity were obtained.
False-positive results in the majority of the scintigrams were based on
leucocyte accumulations, due to aspecific cellular inflammatory reactions.
False-negative results were mainly related to intrahepatic, intrasplenic or
older lesions.
In 50 patients, ultrasonography and/or computed tomography was also
performed. A higher diagnostic accuracy was observed with leucocyte
scintigraphy compared to ultrasonography.

Introduction
The diagnosis of occult inflammatory processes is one of the most challenging tasks in clinical practice. An accurate and speedy diagnosis is important for early and adequate treatment.13 To this end, the search has
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been going on for some time for newer, more reliable methods.
67
Ga-citrate scintigraphy has been successfully used, but it has its limitations. The normal colonic excretion of 67Ga-citrate and its accumulation
in tumours, surgical sites and wounds makes it less reliable in diagnosing
intra-abdominal or pelvic abscesses, especially in the postoperative patient.4'7
Ultrasonography and computed tomography have proved their clinical
usefulness in the detection and location of abdominal and retroperitoneal
abscesses. However, both methods do have specific limitations as well.8
Ultrasonography depends largely on the skill of the operator and an intact abdominal surface is needed, which is a disadvantage in surgical patients. Differentiation between various fluid collections, such as haematomas, cysts or abscesses is difficult.913 On the other hand, the method is
simple, non-invasive and available in the short term.
Computed tomography has the advantage of a precise anatomic localization, but the CT features of the various fluid collections are not fully
specific either. Orally administered contrast material is often needed to
outline the alimentary tract, in order to differentiate fluid collections from
fluid-filled loops of the bowel.14'15 Computed tomography facilities are expensive and are not generally available, but the assessment of results is less
dependent on the operator.
The latter three modalities have been shown to have similar diagnostic accuracies.16"22 In clinical practice, the diagnostic approach depends largely
on institutional technical bias or expertise.
In the search for a more specific scintigraphic technique aimed at overcoming the disadvantages of 67Ga-citrate, the use of labelled leucocytes
has been advocated in the diagnosis of inflammatory lesions.23 A comparative study performed by McAfee and Thakur revealed Indium-111 oxinate as the most efficient labelling agent for this purpose,24'25
After a pilot study,26 we continued the clinical use of the Indium-Ill
leucocyte scintigraphy. This report includes the results we obtained over
a 2V2 year period by use of this method in patients suspected of intraabdominal, retroperitoneal or pelvic inflammatory processes.

Method
Leucocytes were isolated as previously described.26 In essence, 50 ml of
blood, with 10 ml of ACD as an anticoagulant, was left to sediment by
gravity for 60 minutes after adding 2 ml of 2% methyl cellulose (w/v). The
cell-rich plasma was transferred and subjected to centrifugation at 200 g
for 10 minutes. The plasma was removed and the cell-pellet resuspended
in 2 ml of buffered saline.
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After isolation, the cells were labelled with a commercial preparation of
Indium-Ill oxinate*. A 0.2 to 0.5 ml of Indium-oxinate solution with ±
500 ^tCi was added to the cells after adjusting the acid pH of the radionuclide solution to neutral. Incubation was performed for 15 minutes at
room temperature.
Before re-injection into the patient, the dosp ,„as determined (± 350
/id) and the labelling efficiency assessed. Sterility was tested by bacterial
culture before and after labelling of tbf cell suspension.
Scintigrams were performed 20 to 24 hours after administration of the
labelled cells. A large field of view gamma Camera (Searle Radiographics)
with a medium energy parallel hole collimator was used. The camera was
interfaced on-line with a DEC gamma-11 computer, pulse-height analyzers were set on the 173 and 247 KeV photopeaks of Indium-111. Counts
were obtained during a 10-minute period. Analogue and digital images
were taken. If indicated, an additional 99mTc-Sn colloid liver and spleen
scintigraphy was made and computer-assisted subtraction was performed,
as will be described in Chapter IV.
Scintigrams were assessed by two observers independently, with clinical
data being taken into account for the final assessment.

Patients
A total of 225 examinations were performed in 184 patients (100 males
and 84 females, with an age range of 14 to 82 years). 119 Surgical patients,
54 medical patients, five patients from the Department of Obstetrics and
Gynaecology, three urological patients and three Nephrology Service patients participated in this series; of these 165 patients (73%) were in a postoperative phase.
Most patients had symptoms suggesting an occult inflammatory process
varying from mild clinical signs to severe sepsis. In some patients, there
was reason for scintigraphy due to a previously diagnosed intrahepatic or
intrasplenic lesion, the origin of which had to be determined.
In 50 patients in this series, in addition to the Indium-Ill leucocyte
scan, ultrasonography and/or computed tomography were also performed,
within a two-week period. The results obtained by means of these three
modalities with these patients were evaluated in a retrospective study.

Manufactured by Byk-Mallinckrodt CIL B.V., Petten, The Netherlands.
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Results
On all 225 scintigrams, the previously described normal distribution in
liver, spleen, and bone marrow was observed. No activity was observed in
the kidneys. A slight colonic uptake, without evident pathology, was observed on nine (4%) of the scintigrams.
Positive scintigrams: On 141 scintigrams, an abnormal accumulation of
activity was observed; 89 of those could be subjected to a surgical followup, i.e. an operation (68 times), a drainage procedure (18 times), or autopsy (three times). An inflammatory process was confirmed in 82 of these 89
positive scintigrams (Table III.I) (Fig. III. 1-6). Localization of focal activity agreed with the findings at surgery. The other seven scintigrams had
to be classified as false positive. In these patients, no inflammatory lesions
could be demonstrated at subsequent surgical follow-up (Table III.I). The
final diagnosed lesions in these patients are given in Table III.II.
Table III.I. Results (n = 225)
confirmed at operation,
needle aspiration, or autopsy
true positive
true negative
false positive
false negative

123
73
18
11

f?

accuracy 87%

11
7
10

specificity 80%
sensitivity 92%

Table III.II. False-positive results
final diagnosed lesion
intrahepatic metastases/tumour
liver-hilus metastases
gallbladder carcinoma
bile fistula
retroperitoneal haematoma
colitis
colostomy
wound/drain site
left subphrenic haematoma after
splenectomy
kidney transplant rejection
none
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confirmed at operation,
needle aspiration, or autopsy
4
1
1
1
1
1
1
2

3
1
1

1

2
1
3

1

18

7

Fig. III. 1: Paracolic/rectal abscess

Fig. III.2: Left subphrenic abscess after splenectomy with
extension into the left retrocolic space

Fig. III.3: Gallbladder empyema
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Fig. JTI.4: Deep gluteal abscess on the right hand side

Fig. III.5: Ileocoecal abscess (Crohn's disease)

Fig. III.6: Subtraction scintigram of an intrahepatic abscess
a. Indium-111 leucocytes b. Subtraction of liver area c. Terhnetium-99m-Sncolloid
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Fifty-two scintigrams were subjected to a clinical non-surgical followup. If clinical findings, such as temperature, leucocytosis, and short history, indicated the presence of an inflammatory process and normalized
slowly with subsequent subsidence of clinical symptoms, the presence was
assumed of an inflammatory process in a phlegmonous stage and resolution instead of formation of a real abscess. In these patients, the scans were
considered to be true positive. In patients without this clinical evidence,
positive scintigrams were considered as false positive.
In this way, 41 scintigrams were classified as true positive (Table III.I)
and 11 had to be considered as false positive (Table III.I). The final diagnosed lesions in these patients are given in Table III.II.
Negative scintigrams: On 84 scintigrams, no abnormal focal activity
was observed, beside the normal distribution of activity.
Twenty-one scintigrams were subjected to a surgical follow-up. A localized
inflammation was demonstrated on 10 occasions, seven at surgery, and
three by a drainage procedure. These scintigrams were subsequently
classified as false negative. The final diagnosis of these patients are listed
in Table III.III.

Table III.III. False-negative results
final diagnosed lesion
right lower quadrant mass after
appendectomy
small abscess with ileocutaneous
fistula
small infected haematoma
infected liver cyst
splenic abscess (typhoid)
presacral abscess (Crohn's disease)
chronic ileocoecal inflammation
(Crohn's disease)
cholangitis
infected intramedullary nail
(femur shaft)

S

confirmed at operation,
or needle aspiration
1
1
2
2
1
1

1
2
2
1
1

1
1

1
1

1

1

11

10

In the other 11 cases, no inflammation could be demonstrated at surgery (six times), drainage procedure (one time), and autopsy (four times).
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The remaining 63 scintigrams were subjected to a clinical non-surgical
follow-up. In one patient, presenting with a palpably painful right lowerquadrant mass and fever, after appendectomy, the scan showed no accumulated activity, however, and was classified as false negative (Table
III.III). The clinical course after the 62 other scintigrams proceeded without further development of clear signs of localized inflammation, so that
these scintigrams were considered to be true negative.
Table III.IV lists the results obtained in the 45 patients in whom leucocyte scintigraphy as well as ultrasonography was performed. The accuracies obtained were leucocyte scintigraphy 93% and ultrasonography 80%.
Computed tomography as well as leucocyte scintigraphy was performed
in an additional five patients, and in 11 of the above mentioned 45, all
three modalities were used. This series of 16 computed tomographic studies was not further analyzed, because of the small number in comparison
to the other series of 45 investigations.
Table III.IV. Results obtained in 45 patients with leucocyte scintigraphy and
ultrasonography
leucocyte scintigraphy

ultrasonography

true positive
true negative
false positive
false negative

22
20
2
1

19
17
5
4

accuracy

93%

80%

Discussion
The overall results as listed in Table III.I were 123 true-positive and 73
true-negative scans, accounting for an accuracy of 87.0%. Eighteen falsepositive and 11 false-negative results account for respectively a 92%
sensitivity and an 80% specificity.
False-negative results: The occurrence of false-negative scintigrams
could be related to several factors: (a) the labelled cell suspension, (b) the
lesion, and (c) the scintigraphic technique.
(a). A sufficient number and proper functioning of the labelled cells is essential. The number of cells obtained with the sedimentation method out
of the 50 ml blood, varied between 50-600x106 leucocytes per 2 ml cell
suspension (25-300xl06/ml). In the literature, a number of 108 cells is ad-
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vised, suspended in 5 ml saline, which results in a similar concentration of
20xl0 6 cells per ml. The risk of cell damage and subsequent loss of viability
as a result of the isolation and labelling procedure must be minimized.
In our method only one centrifugation step was used, after sedimentation to obtain leucocyte rich plasma. The viability of the cells was clearly
demonstrated by their migration into inflammatory lesions. In several patients, activity, measured in abscesses was two to 13 times higher than activity in blood at the same time (Chapter I). Apart from the loss of viability due to the labelling procedure, the function of the leucocytes could
also be adversely affected in vivo by the use of anti-inflammatory drugs,
etc.
(b) The degree, nature and duration of the inflammatory response at the
site of the lesion is important. The activity, accumulating in a lesion with
a low cellular response, will probably give a too low target to background
ratio on the scan and will not subsequently be detected. Such a lesion can,
for instance, be a low-grade infection or a non-liquified haematoma in
which leucocyte penetration is easily arrested by its fibrin matrix.
If the inflammatory reaction is characterized by a scarce infiltration of
polymorphonuclear leucocytes e.g. typhoid or tuberculosis,30 Indium-Ill
labelled leucocytes will probably not accumulate at the site of the lesion.
The same holds for chronic inflammatory lesions.30'31 The presence of a
dense fibrous wall around the lesion, as may be found in liver and
spleen,32'33 will also prevent sufficient migration of leucocytes, resulting
in a negative scintigram. Another reason can be the organ itself. The cellular inflammatory response, as observed in interstitial tissues, probably
does not occur in that way in parenchymatous of"~uctures.
The false-negative results observed in this st^es, could be related, in
most cases, to these factors. In one patient, two scans were negative for a
small infected haematoma, and another patient had a chronic inflammation due to Crohn's disease. In one patient, a large, infected liver cyst was
not demonstrated on two scans, and in another patient a typhoid splenic
abscess did not show on the scan.
(c) The scintigraphic technique. For a good detection of a lesion, the
location can be important. Lesions next to, or within, organs or structures
normally accumulating activity can be difficult to detect. In case of liver
and spleen, the subtraction technique provided a useful additional means
in the detection of upper-abdominal lesions (Chapter IV).
Posteriorly located lesions can result in a negative scintigram, when only
anterior views are taken. If the clinical history indicates a posterior localization, posterior views must be taken. Lateral or oblique views can help in
defining the localization of the lesion in relation to other structures.
In two patients, negative scintigrams were probably based on these fac-
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tors. A posteriorly located abscess was not demonstrated on the anterior
view of the first scan in a patient with Crohn's disease. A second posterior
scan was positive in the same patient. Another scan was negative for a
cholangitis diagnosed after endoscopic papillotomy performed for common duct obstruction. Ultrasound suggested a dilated common duct and a
small intrahepatic abscess. In this patient, subtraction scintigraphy was
not performed.
False-positive results: The occurrence of false-positive scintigrams
could be based on similar factors involved in the diagnostic procedure: (a)
the labelled cell suspension, (b) the lesion, and (c) the scintigraphic technique.
(a) Contamination of the cell preparation with other cells, especially platelets, probably causes accumulation of activity at other non-inflammatory
sites and subsequently false-positive scans. As observed in some patients,
scanned with a central venous catheter in situ or shortly after its removal,
a focal activity was observed in the upper mediastinum. Thrombus formation rather than infection was considered. In another patient, accumulating some activity at the site of a gallbladder carcinoma, focal activity in
the left iliac region was also observed. Three weeks later, symptoms of a
pelvic venous thrombosis became manifest. These reports suggest functioning labelled platelets, obtained as an impurity of the cell suspension.
(b) False-positive scintigrams may be the result of leucocyte accumulations in non-infectious lesions. In the aspecific cellular inflammatory
response, as a reaction to all kinds of stimuli, the leucocytes play an important role and subsequently can give rise to accumulation of activity.
Most of the false-positive scans in this series were based on leucocyte
accumulation as an aspecific cellular response brought about by various
lesions (Table III.II).
(c) Some pitfalls in the scintigraphic technique, especially encountered
when the Indium-Ill leucocyte-99mTc-Sn colloid subtraction is used in
diagnosing upper-abdominal processes, can cause false-positive results.
In the three patients in whom no lesion was diagnosed (Table III.II),
the false-positive scan was based on an incomplete disappearance of activity after Indium-Ill leucocyte-99mTc-Sn colloid subtraction at the lateral
margin of the spleen. At> described in Chapter IV,~this could be the result
of some translation of the patient during scintigraphy.
A surgical follow-up was possible in 63% (89) of the 141 positive scintigrams, and only in 25% of the negative scintigrams. The sensitivity calculated of the confirmed results was 89%, and the specificity 61%. This sensitivity is similar and indicates that the true-posiiive results, based on a
non-surgical follow-up, did not bias the final results. The calculated specificity is low due to the relatively small number of surgical confirmed true-
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negative scintigrams. In patients with already clinical low probability of
infection and a negative scan, the latter result will influence the decision
whether or not a surgical procedure will be performed. Therefore the results will be biased.
In the series of 45 patients in whom both leucocyte scintigraphy and
ultrasonography were performed, more false results were observed with
ultrasonography, resulting in a lower accuracy. Others report a similar diagnostic accuracy comparing these two modalities.34
For the differential diagnosis between the inflammatory or non-inflammatory origin of lesions localized by ultrasound or computed tomography,
a complementary use of these three modalities was found to be very useful
by us, and by others.35
In the search for occult inflammatory processes, the possibility of whole
body imaging is an advantage of the Indium-Ill leucocyte scintigraphy,
compared with ultrasonography and computed tomography.

Conclusions
In this series of 225 Indium-111 leucocyte scintigrams, this method was
found to be a reliable diagnostic means in the search for occult abdominal
inflammatory processes. An accurate localization of lesions was observed.
Performing Indium-111 leucocyte scintigraphy, in combination with ultrasonography or computed tomography, was found to be useful in defining a possible inflammatory origin of localized lesions diagnosed with the
latter two modalities.
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Indium-Ill labelled leucocyte- 99mTc-Sn-colloid
computer-assisted subtraction scintigraphy in upperabdominal inflammatory disease
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Summary
In 65 patients suspected of upper-abdominal inflammatory disease,
Indium-111 leucocyte scintigraphy was combined with a 99mTc-Sn-colloid
scan and a computer-assisted subtraction performed. In 84% of these
cases, a definite diagnosis would not have been possible without this
method of subtraction.
Accuracy was observed to be 80%, sensitivity 93%, and specificity 59%.
False-positive results were either due to non-infectious inflammatory lesions with accumulation of leucocytes or to some pitfalls in the subtraction technique itself.

Introduction
Early and accurate diagnosis in patients suspected of upper-abdominal
inflammation is of great importance for the optimal management of such
patients.1'3 Conventional X-ray studies, gallium-67 scintigraphy and combined liver-lung radionuclide image have been used in the diagnosis of
subphrenic abscesses, but with inconsistent results.4"10
Recently, scintigraphy with Indium-Ill oxinate labelled autologous
leucocytes has been found to be more successful in diagnosing intraabdominal inflammatory processes than with gallium-67.11"14 However,
the normal uptake of Indium-Ill labelled leucocytes in the liver
and spleen makes difficult the primary detection of upper-abdominal
lesions. 15'16
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A 67Ga-citrate-99mTc-Sn-colloid subtraction technique for the diagnosis
of subphrenic abscesses has been described by Damron et al.17"19 and was
shown to enhance effectiveness. A computer assisted Indium-Ill leucocyte Technetium-99m-Sn-colloid subtraction technique was studied in patients suspected of an upper-abdominal inflammatory process.

Methods
Leucocytes were prepared from 50 ml peripheral blood as described
previously16 and labelled with 300-500 /iCi of Indium-111 oxinate*. Scintigrams were performed 20 to 24 hours after injection of the Indium-Ill
labelled leucocytes. A large field of view gamma camera (Searle Radiographics) was used, with a medium energy parallel hole collimator and
interfaced on line with a DEC Gamma-11 computer. The pulse height
analyzers were first set on the 173 and 247-KeV Indium-Ill peaks and
scintigrams were obtained during a 10-minute period. Then, with the patient remaining in exactly the same position, the pulse height analyzer was
set to the 140-KeV 99m Tc peak. Counts were acquired for a two-minute
period representing the scatter of Indium-Ill into the 99m Tc window.
Thereafter, 1-2 mCi of 99mTc-Sn-colloid was injected and, after five minutes, another scintigram was made for two minutes with the peak set on
140 KeV. It is essential that the patient remains in the same position during the whole 10-15 minute acquisition-period of both the Indium-Ill
and 99m Tc images of liver and spleen.
Subtraction images were obtained, essentially as described by Buraggi et
al.20 for 67Ga citrate and 99mTc-Sn-Colloid. To start with, the 99mTc-Sncolloid scan was corrected for the Indium-Ill scatter by simple subtraction of the second scan (Indium-111 in the 99m Tc window) from the 99m Tc
image. Secondly, prior to memory to memory subtraction, a region of interest was chosen over the liver enclosing an almost homogeneous activity
distribution. Counts within this region were calculated for both the
Indium-11 Jl and corrected 99m Tc scan. From these, a normalization factor
was calculated for setting the counts to zero in a normal region of the liver, after subtraction of the corrected " m T c scan from the Indium-111
scan. In general, the normalization factor was found io be about 0.5 for
the 99m Tc scan. Following the subtraction procedure, the final image was
further enhanced by choosing various upper and lower threshold levels. A
uniform, virtually zero image of the liver was seen in the absence of focal
Indium-111 accumulation. Unprocessed original and subtraction images
were then photographed from the video display of the computer.
* Manufactured by Byk-Mallinckrodt CIL B.V., Petten, The Netherlands.
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Finally, all Indium-111 leucocyte scintigrams were reviewed separately
and compared with the 99mTc-Sn-colloid liver and spleen images without
subtraction.

Patients and materials
Seventy-five scintigrams were performed in 65 patients, who were
suspected on clinical grounds of having an upper-abdominal inflammatory process. No definite diagnosis had been made in any of them prior to
scintigraphy. Indication for scintigraphy was unexplained fever or symptoms suggesting an upper-abdominal inflammatory process in 61 patients,
45 of whom were in a postoperative phase. In the remaining four patients,
scintigrams were performed to diagnose or exclude the inflammatory origin of focal lesions, detected by preceding 99m Tc liver and spleen scans,
ultrasonography, computed tomography or endoscopic retrograde choledocho- and pancreaticography.
Twenty-eight scintigraphic results were verified at surgery. In nine
cases, a needle aspiration was done. Autopsy was performed twice. The
remaining 36 scintigrams were related to clinical follow-up.

Results
Negative scintigrams. Twenty scintigrams performed in 17 patients
showed no focal activity after subtraction. Seven scintigrams were followed by either surgical exploration or needle aspiration. Three of these (two
patients) had to be considered as false negative, because an infectious
lesion was demonstrated, respectively, by laparotomy and needle aspiration. The remaining 13 scintigrams were related to clinical follow-up. All
patients survived and none showed any evidence of infection at follow-up
over 20 weeks. The final result in this group was that 17 of the 20 scintigrams had to be considered true negative (Table IV.I).

Table IV.I. Results (n = 75)
confirmed at operation
needle aspiration or autopsy
true positive
true negative
false positive
false negative

43
17
12
3

27
4
5
3

accuracy

80%

specificity 59%
sensitivity 93%
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Positive scintigrams. Fifty-five scintigrams performed in 48 patients
showed focal activity within or outside liver and spleen areas after subtraction. Scintigraphic information from 32 scintigrams could be verified by
subsequent surgical exploration (23), needle aspiration (7) and autopsy (2).
Inflammatory processes were confirmed in 27 of these (20 surgically, five
by needle aspiration, and two at autopsy) (Table IV.II, Fig. IV. 1-3) and
Table IV.II. Location of inflammatory lesions diagnosed in 43 true-positive
scans
confirmed at operation
needle aspiration or autopsy

subphrenic left
subphrenic right
subhepatic
pancreas
intrahepatic
gallbladder
pleural sinus right
suprarenal
right lower quadrant
left lower quadrant
infected wound

9
4
11
8
2
3
1
1
1
2
1

5
3
7
4
1

43

27

2
1
1
1
1
1

Table IV.III. Non-inflammatory lesions diagnosed in nine of the
12 false-positive scans
confirmed at operation
or by needle aspiration
intrahepatic metastases/tumour
liver-hilus metastases
gallbladder carcinoma
bile fistula
retroperitoneal haematoma
colitis

4
1
1
1
1
1

3
1
1
-

9

5

found to be absent in the other five (three surgically, and two by needle
aspiration) (Table IV.III). The remaining 23 scintigrams had to be correlated to clinical follow-up. All of these patients survived. Fourteen (16
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scintigrams) showed a course that is highly characteristic for intraabdominal inflammation (Fig. IV.4) and six (7 scintigrams) did not. In
four of the latter group, some inflammatory response rather than clear localized inflammation could be deduced from the clinical course and findings (Table IV.III). Adding these figures together, 43 true-positive scintigrams were obtained out of a total of 55 showing focal accumulation (Table IV.I).
Finally, a separate comparison of the Indium-111 leucocyte and 99m TcSn-colloid scans in individual patients indicated that in 16% of the cases,
the diagnosis could have been made without subtraction. In a further
21%, subtraction supplied additional information. A reliable diagnosis
was not possible without subtraction in the remaining 63%.

Fig. IV.I. a. m I n leucocytes; b . subtraction of liver area; c. 99mTc-Sn-colloid
A 56-year old male patient with recurrent sepsis, after closing of a gastric perforation some weeks before. Given his previous history, a subhepatic or lesser sac
abscess was expected in this patient. However, subtraction scintigraphy correctly
diagnosed a subphrenic abscess. Subsequent, dorso'ateral surgical drainage was
performed. The scan result determined the site of surgical approach

Fig. IV.2. a. u l I n leucocytes; b. subtraction of liver area; c. 99mTc-Sn-coIloid
A 58-year-old female patient, presenting with upper-abdominal tenderness, fever and right diaphragmatic elevation on the chest X-ray after a choledochc-duodenostomy for chronic pancreatitis. A subhepatic or subphrenic abscess was
suspected. Subtraction scintigraphy showed a confined area of increased activity
at the right liver lobe. A gallbladder empyema was thought likely and was demonstrated at subsequent laparotomy
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Fig. IV.3. a. ' ' ' i n leucocytes; b . subtraction ofliver area; c. 99mTc-Sn-colloid
A 42-year-old male patient, with pleural effusion on the chest X-ray. Lung-liver
scintigraphy was normal. Subtraction scintigraphy showed focal ac.vity more
likely to be located in the pleural than in the subphrenic space. A drainage procedure by a high costal resection was carried out

Fig. IV.4. a. n i I n leucocytes; b. subtraction ofliver area; c. 99mTc-Sn-colloid;
d. Repeated scan
A 70-year-old female patient, presenting with upper-abdominal tenderness after
an endoscopic papillotomy. Ultrasound was inconclusive. Computed tomography
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revealed an enlarged pancreas with multiple cysts. The subtraction scintigraphy
revealed increased activity of the whole pancreatic area, with maximum activity in
the cephalic part. After conservative treatment and clinical improvement, a repeated scan showed less activity in the pancreatic area and a clear colonic uptake.
It was thought that there was spontaneous drainage into the GI tract

Discussion
The overall accuracy obtained in our group of patients was 80% (Table
IV.L). Three false-negative studies accounted for a 93% sensitivity. In one
patient, a small infected haematoma was found at laparotomy. In a second
patient, two scans failed to demonstrate an infected hepatic cyst. It is
known that intrahepatic cyst and even abscesses can be encapsulated in a
rather thick wall, which may interfere with the migration of leucocytes
into the lesion.21'22
Specificity was found to be 59%. We believe that this low specificity is
due to the fact that leucocytes are also involved in non-infectious inflammatory reactions to mechanica! or chemical stimuli. Table IV.III shows
the final diagnosis made in nine of the 12 false-positive scintigrams. Some
of these lesions, such as a (bile) fistula tract, a haematoma and colitis, are
known to be accompanied histologically by a mild leucocyte reaction.
Indeed, the intensity of accumulated activity observed on these scintigrams was, in most cases, less than that observed in cases of true localized
inflammation. In this series, none of the false-positive scintigrams resulted
in unnecessary surgical exploration.
This subtraction technique is based on the assumption that similar distribution of both tracers occurs in healthy liver and spleen tissue, resulting
in complete, or nearly complete, disappearance of the activity in the normal areas after subtraction, lu general, a normalization factor of approximately 0.5 was found for the liver area of the 99mTc-Sn-colloid scan. A different normalization factor had to be used for the spleen. This could be
due to a varying number of labelled platelets or red blood cells contaminating the leucocyte preparation, or to preferential accumulation of labelled leucocytes in the spleen.
The difference in attenuation of gamma radiation emitted by the two
nuclides must be considered in cases of intrahepatic or intrasplenic lesions. A smaller count contribution to the scintigraphic image of 99m Tc
compared to Indium-Ill from deeper regions of the liver may lead to a
false-positive result in the presence of deep intrahepatic lesions. This
could be a reason for the false-positive scans in patients with intrahepatic
metastases or tumour (Table IV.III, Fig. IV.5.).
In three other scintigrams subsequently classified as false positive, incom-
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Fig. IV.5. False-positive scintigram: a. " ' i n leucocytes; b. subtraction of liver
area; c. 99mTc-Sn-colloid
A 68-year-old female patient, with a history of cholangitis. A previous liver scan
and endoscopic retrograde cholangiography demonstrated a left-sited hepatic process. Subtraction scintigraphy showed focal activity with a low intensity in the lesion in question. The possibility of an old abscess was considered. Exploratory laparotomy revealed a leiomyosarcoma with centra! necrosis

plete disappearance of activity at the cranial or lateral margins of the
spleen was also probably due to this difference in attenuation. Some
degree of translation of the patient during scintigraphy could be another
causal factor for an incomplete disappearance of activity.

Conclusion
In this series of patients with a suspected upper-abdominal inflammatory process, Indium-Ill leucocyte-99mTc-Sn-colloid subtraction scintigraphy proved to be a sensitive diagnostic procedure. Critical scrutiny of
clinical signs and symptoms, together with the scintigraphic results, can
overcome most of the problems posed by the rather low specificity of the
procedure.
This subtraction technique, in our view provides a relatively simple,
non-invasive and reliable means of investigation in patients with an upperabdominal inflammatory process.
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Summary
This study was performed with the purpose of evaluating the diagnostic
value of Indium-] 11 leucocyte ;cintigraphy in patients suspected of an
infected arterial graft. Seventy-five scintigrams were performed in 64 patients in four different groups, after aorto-iliac, aorto-femoral or femoropopliteal and thoracic aorta grafting and 13 control scintigrams in 13 patients without previous arterial surgery.
Scintigrams were performed 24 hours after injection of 300-500 /iCi of
labelled cells. Analogue images of all scintigrams were reviewed. In addition quantitative Indium-Ill leucocyte uptake was determined in standard regions and a graft/aorta and left/right iliac arteries and fossae ratios
were calculated.
After 10 days postoperative, uncomplicated implantation of a graft only
caused quantitatively slightly increased Indium-Ill leucocyte accumulation on the scintigrams. Quantification did favourably influence the results in screening patients at risk for a graft infection early postoperative.
In the case of late postoperative infection, an accurate diagnosis was obtained with both assessment methods.
The overall results revealed an accuracy of 84%, a specificity of 83%
and a sensitivity of 86%.
These results and the minor invasive character make this a favourable test
with patients suspected of an arterial graft infection.

Introduction
Infection at the site of a vascular graft is a serious complication after arterial reconstructive surgery, especially when synthetic arterial substitutes
have been used. Prosthetic grafts are widely employed in cases of aorto-
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iliac, aorto-femoral and femoro-popliteal bypasses. Infection can occur
both early and late postoperative. Early complications are defined as those
which are related to events occurring in the intra-operative or immediate
postoperative period. Late complications result from events occurring
after the immediate postoperative period anl become manifest after clinical healing has run its course.1»2
Factors related to the early infections are: 1. contamination at the time
of operation; 2. disturbed wound healing, especially related to an inguinal
incision; 3. bacteremia from other septic sources present at the time of implantation of the graft or before pseudo-intima formation is completed.310
The site of presentation in these early infections is in most cases the
groin. Clinical symptoms consist of inguinal abscesses, persistent drainage
from the incision, false aneurysm, thrombosis of the graft or haemorrhage. In most cases, they present within three months after
operation.3"6'11 The site of involvement is predominantly the distal anastomosis. If treated promptly, the infection can remain localized to only one
site of the graft. Nevertheless, early retroperitoneal infection with proximal anastomosis and/or whole graft involvement has been reported.
Late postoperative manifestations of infection are also believed, in most
cases, to originate •T.'.'.I intra-operative inoculation.3'5'12 Other factors are
impairment of blood supply to the duodenal wall or the close relationship
of the duodenum with the prosthetic graft. Both of these can lead to erosion of the duodenal wall and leakage of duodenal content which results in
a paraprosthetic infection.1315 Involvement of the proximal suture line
leads to false-aneurysm formation and subsequent development of an
aorto-enteric fistula.14'15 Predisposing factors for the development of a retroperitoneal infection are emergency operations for ruptured aortic aneurysms and re-operations for bleeding complications.13'16 Clinical symptoms vary from elevated ESR, mild leucocytosis, abdominal or back pain
and mild fever to signs of septicaemia and intestinal haemorrhage.3'14'1720
Current diagnostic methods to demonstrate arterial graft infection are
presented in Table V.I.
Table V.I. Current diagnostic methods to demonstrate arterial graft infection
roentgenology

ultrasonography
computed tomography
scintigraphy
endoscopy
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-

plain film abdomen
upper and lower GI contrast series
angiography
urography

-
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Ga-citrate

- Plain films of the abdomen and upper and lower GI contrast series may
reveal distended loops, partial or complete paralytic and/or mechanical
obstruction, thickening of the bowel wall and displacement of
convolutes.21
- Angiography may reveal a false aneurysm 2) or extravasation due to an
aorto-enteric fistula.
- Urography can be helpful in diagnosing retroperitoneal infections in the
presence of ureteral compression and displacement.
- Ultrasonography is able to visualize aneurysms and localized fluid collections.22'23
- Computerized tomography can also show air in the aortic wall in the
case of an infected bifurcation graft.24'25
- Scintigraphy with 67Ga-citrate has been reported as a successful method in
detecting graft infection.26'27
- Endoscopy may reveal a defect in the bowel wall in the case of aortoenteric fistula.28
Although the combination of these diagnostic modalities covers a wide
spectrum, the majority is certainly not specific and the individual method
fails too often in demonstrating the site of infection.17'29
Thakur et al. 30'31 introduced a rather biological approach by making
use of autologous Indium-Ill oxinate labelled leucocytes to visualize the
phenomenon of emigration of neutrophils to the site of injury, i.e. infection. Since that time, several studies have been published confirming the
high level of accuracy achieved with this technique.32'33 Infected vascular
grafts were included in some clinical and experimental series.34"38
In the present investigation, the results of Indium-Ill leucocyte scintigraphy were studied in a control group and in four groups of patients after
prosthetic arterial graft surgery. The accumulation of labelled leucocytes
at the site of the graft was assessed both by subjective visual interpretation
and, quantitatively, by a computer-based method.

Patients and method
Patients
Control group: 13 scintigrams performed for other reasons in 13 patients without previous arterial surgery.
Group 1: 18 scintigrams performed in 17 patients with uneventful
postoperative course 10 to 30 days after aorto-iliac or aorto-femoral
reconstruction.
Group 2: 12 scintigrams performed in 10 patients with non-infectious
postoperative complications within three months after aorto-iliac or aortofemoral reconstruction. These complications consisted of intra-abdominal
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bleeding requiring re-exploration, wound haematomas, and other noninfectious wound healing disturbances (Table V.II).

Table V.II. Non-infectious complications in group 2
indications for scintigraphy

patients

scans

intra-abdominal bleeding
retroperitonea! haematoma
groin haeipatoma
groin seroma

3
1
4
2

3
2
5
2

10

12

Group 3: 24 scintigrams performed in 19 patients with infectious complications or a short history indicative of early postoperative graft infection
within three months after aorto-iliac, aorto-femoral, femoro-popliteal or
thoracic aorta reconstruction (Table V.III).

Table V.III. Infectious complications or a short history indicative of early
postoperative graft infection in group 3
inciications for scintigraphy,
symptoms or history
persistent fever
bacteraemia
wound infection
subcutaneous abscess
infected femoro-popliteal graft
closure of aorto-duodenal fistula
cholecystectomy concomitant with grafting

patients

scans

9
3
3
1
1
1
1

11
5
3
2
1
1
1

19

24

Group 4:21 scintigrams performed in 18 patients presenting with clinical symptoms, or a short history indicative of a late postoperative graft infection after aorto-iliac, aorto-femoral, femoro-popliteal and thoracic aorta
reconstruction (Table V.IV).
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Table V.IV. Clinical symptoms or a short history indicative of late postoperative graft infection and time of onset postoperative in group 4
indications for scintigraphy,
symptoms or history
bacteraemia
graft thrombosis
groin sinus
groin abscess
groin false aneurysm
intestinal haemorrhage
back pain
abdominal pain

ESRt
re-occurrence dissecting
> thoracic aneurysm
duodenal perforation
at operation
previously partial removed
infected femoro-popliteal graft

time of onset
(months)

patients

scans

3
2
2
2
1
1
1
1
2

3
2
2
4
1
1
1
1
2

40,
22,
4,
6,
4
12
156
5
14,

1

1

7

1

1

.6

1

2

18

18

21

26, 7
60
6
8

4

Method
Leucocytes were isolated, as described in an earlier study35, and labelled
with Indium-Ill oxinate*. The dose administered was 300-500 /xCi.
Scintigrams were performed 20 to 24 hours after injection of the labelled cells on a large field of view gamma camera linked to an on-line
gamma-11 computer. Views were taken from anterior and lateral for a 10minute period. Analogue images were assessed by two observers on the
presence of abnormal Indium-Ill activity above the graft region or other
focal accumulations. If computer images were available, which was the
case in 70 scintigrams (80%), Indium-Ill uptake was determined quantitatively according to the following method.
Regions of interest were marked around proximal aorta, bifurcation, or
graft area, left and right ileofemoral arteries and left and right iliac fossae
(Fig. V.lb,c). The amount of activity within these regions was calculated
in counts/pixel/100 jiCi/10 min.(units). Especially useful proved to be the
calculation of a graft/aorta ratio by g ^ ^ g g g and left to right ratios
* Byk-Mallinckrodt CIL B.V., Petten, The Netherlands.
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of the ileo-femoral arteries and iliac fossae in a similar way. The patient
provided his own control in that way.
Where images were considered by the observers to be negative, but
quantitative uptake turned out to be above the normal range (± 2 s.d.), the
final results were regarded as positive. On the other hand, when analogue
images were assessed as being positive, but quantitative analysis were
found to be within the normal range, the final results were regarded as negative. These final results were used in calculating the accuracy, specificity and sentivity of this series.

Fig. V.I. a. Normal scan; b. regions of interest: proximal aorta, graft area; c. regions of interest: ileo-femoral arteries, left and right iliac fossae

Results
Control group (no previous arterial surgery)
These 13 scintigrams showed the normal distribution of activity in liver,
spleen and bone marrow and no focal activity (Fig. V.I a). The values of
quantitative uptake in the various regions of interest (Fig. V.lb,c) are
given in Table V.V.
Group 1 (uncomplicated arterial surgery)
Subjective assessment in 16 of the 18 scintigrams performed in patienis
within 10 to 30 days after uncomplicated arterial surgery revealed no difference in accumulated activity at the operation site, in comparison to the
control group. Quantitative Indium-Ill leucocyte accumulation in the
standard regions, however, turned out to be somewhat elevated, especially
above the left and right ileo-femoral arteries (Table V.V).
In two scintigrams, subjective interpretation revealed focal abnormal activity related to the operation site. It was possible to assess quantitative
uptake in one of these and it turned out to be within the normal range.
The clinical course of all these patients remained uneventful and in particular no sign of graft infection occurred during a follow-up period of 12
to 26 months. The final assessment results are listed in Table V.VI.
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Table V.V. Quantitative values in various regions in the control group in
comparison with those in group 1
control group
units s.d.

group 1
units
s.d.

significance
Wilcoxon test
(one sided)

graft area
aorta
left ileo-femoral artery
right ileo-femoral artery
left iliac fossa
right iliac fossa
graft/aorta ratio
left/right ileo-femoral
artery ratio
left/right iliac fossa ratio

28.6
35.1
24.6
24.5
17.5
16.5

9.5
11.9
8.2
8.6
5.6
5.6

33.6
40.9
33.0
33.7
22.0
21.0

11.1
12.4
9.6
10.2
5.4
5.7

n.s.
n.s.
p<0.01
p < 0.025
n.s.
n.s.

0.83
1.02

0.09
0.08

0.81
0.98

0.08
0.08

n.s.
n.s.

1.07

0.11

1.05

0.12

n.s.

Table V.VI. Final assessment results in group 1-4
group 1 group 2 group 3 group 4
true positive
true negative
false positive
false negative

6

17
1

7
4
1

13
3
2

13
7
1

total
19
44
9
3

accuracy 84%
specificity 83%
sensitivity 86%

Group 2 (non-infectious complications)
By subjective assessment, abnormal activity was observed in four out of
12 scintigrams. The focal activity was located at the aorto-iliac region (2)
and at the site of a groin haematoma (2).
Quantitative uptake could be assessed in the two patients with a groin
haematoma; left/right *x)ssa ratio, and left/right iliac-artery ratio were
1.43 and 1.20, respeaively, both values exceeding 2 s.d. The quantitative
values of the other scintigrams were within the same range as those observed in group 1.
Follow-up revealed a graft infection three months later in one patient
who had previously had a normal uptake. This scintigram has been considered as false negative. The other patients were free of any signs of graft
infection during a follow-up period of 10 to 28 months. The final assessment results are given in Table V.VI.
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Group 3 (infectious complications)
In this group, 24 scintigrams were performed; quantitative uptake could
be determined in 18.
Subjective assessment revealed abnormal accumulation of activity at the
site of the graft in 10 cases. In two cases, abnormal activity was seen at the
site of an infected wound (Fig. V.2). The activity over the graft seemed
normal in these patients, although quantitative assessment was not possible due to the activity in the overlying wound. Quantitative uptake revealed in five of those 10 as positive assessed scmtigrams, normal values.
In the other five, interpreted as positive scintigrams, an increased
graft/aorta ratio (respectively, 1.07; 1.18; 1.86) was found in three and an
abnormal left/right fossa ratio (respectively, 0.80; 0.75) in the other two.
From the 12 subjectively classified as normal scintigrams, two turned
out to be positive on quantitative assessment, showing respectively a
graft/aorta ratio =1.18 and a left/right fossa ratio = 0.80.
Final scintigraphic results were nine times positive and 15 times negative.
Follow-up was positive in eight cases confirmed at re-operation or at
drainage procedure. Ir. 16 cases, a clinical follow-up during 16 to 23
months did not reveal any signs of graft infection. The final assessment
results are given in Table V.VI.
Group 4 (late infection)
Subjective assessment revealed abnormal accumulations at the site of the
graft in 15 out of the 21 scintigrams. In 10 quantitative values could
be assessed which confirmed abnormal Indium-Ill leucocyte accumulation in nine. In one patient quantified values were normal. Quantified val-

Fig. V.2 Wound infection, a. anterior view; b. lateral view: clear anterior localization of activity, no accumulated activity in the graft area
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ues measured in the six scintigrams considered negative were within the
normal range.
The final results in this group were 14 positive and seven negative
scintigrams. A positive follow-up was confirmed of 13 positive scintigrams at re-exploration or a drainage procedure (Fig. V.3-5). A negative
follow-up was confirmed at a second grafting procedure in two cases (one
positive and one negative scintigram) and further based on clinical followup, between four and 21 months in the remaining six cases.
The final assessment results are listed in Table V.VI.
Fig. V.3
Infected aorto-femoral graft:
eight months postoperative.
Clinical presentation: groin
abscess.
Scintigraphy: focal activity
in the left groin and along
the left iliac artery.
Surgery: infected left limb
of the prosthesis. The
remainder of the prosthesis
was macroscopically not
involved

Fig. V.4
Infected aorto-iliac graft 12
months postoperative.
Clinical symptom: GI
bleeding.
Scintigraphy: focal activity
proximal, extending in the
bowel (arrow) and distal at
the right iliac artery.
Surgery: aorto-duodenal
fistula involving the
proximal anastomosis and
an infected right limb
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Fig. V.5
Infected aorto-iliac graft
seven months after
implantation.
Clinical symptom:
septicaemia.
Scintigraphy: focal activity
at the proximal
anastomo»is.
Surgery: aorto-duodenal
fistula

Discussion
Scintigraphic results in patients with an uneventful postoperative course
revealed that a recently implanttü aorto-iliac or aorto-femoral graft did not
cause significantly increased activity over the aorto-iliac area. Increased
activity just about significant was observed over the ileo-femoral areas.
This difference could only be demonstrated when quantitative uptake of
Indium-111 leucocytes was measured. This increase of activity is likely to
be caused by the normal aspecific cellular response occurring after recent
graft implantation.39'40
The graft/aorta ratio and the left/right ileo-femoral and fossa ratios
proved to be the most reliable parameters suggesting infection, since the
patient serves as his own control. However, it should be realized that in
the case of both left and right iliac involvement, the ratio is likely to be
normal. On the other hand, we observed in one patient an elevated
left/right iliac ratio due to a very low activity level at the site of a noninfected occluded iliac artery. Therefore, although quantitative results were
in general more reliable, they must be interpreted cautiously.
The overall data obtained in this series are listed in Table V.VI, resulting in an 84% accuracy, an 83% specificity and an 86% sensitivity.
False-negative results were present in group 2 (1) and group 3 (2) and
are listed in Table V.VI and farther clarified in Table V.VII.
In the patient in group 2, a bifurcation graft was implanted and scintigraphy was done five weeks later, on the indication of re-exploration for
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Table V.VII. False-negative results
pathology

course of time between
1st operation
scintigraphy and
and negative
confirmation at
scintigraphy
re-operation

group 2 - infected aorto-iliac graft
group 3 - infected aorto-iliac graft

5 weeks
8 weeks

3 months
1 week

- infected aorto-iliac graft

6 weeks

5 months

bleeding on the second postoperative day. This five-week postoperative
scan was interpreted as negative, but infection was confirmed during the
third operation three months later.
In the first patient of group 3, a bifurcation graft was implanted and
scintigraphy was done two months later, on the indication of fever and occlusion of the left limb of the p/osthesis. This eight-week postoperative
scan was interpreted as negative, but infection was confirmed during the
second operation one week later.
In the second patient of group 3, a bifurcation graft was implanted and
scintigraphy was done six weeks later, on the indication of fever and elevated ESR. This six-week postoperative scan was interpreted as negative,
but infection was confirmed during the second operation five months later.
It is evident that the result of scintigraphy in the first patient in group 3
was a definite failure. In the remaining two patients, the course of time
(3 to 5 months) between negative scan and confirmation of infection might
be an expression of the biological character of this modality of scintigraphy, which depends largely on active cellular migration. This was
effectively demonstrated in the second patient of group 3, in whom
repeated scintigraphy 19 weeks after the negative scan and one week before re-exploration was undoubtedly positive.
False-positive results were present in all groups; group 1 (1), group 2
(4), group 3 (3), group 4 (1) and are listed in Table V.VI and further clarified in Table V.VIII.
It was demonstrated in group 2 that positive scans were caused by
haematoma and seroma present in those patients. Repeated scans in two
haematoma cases after clinical healing were normal.
Evaluation of the operative reports of patients with a false-positive scan
in groups 1 and J. revealed that emergency operations, difficulties in
bleeding control, and difficult dissections were more frequent in these pa-
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tients. Intra-abdominal or retroperitoneal haematomas and extensive dissection probably cause an inflammatory response, accumulating leucocytes to such an extent that it is visible on the scintigrams. The patient in
group 1 and the first patient in group 3 are typical representatives of this
category. Repeated scintigraphy in the patient in group 1 was normal after
two months. The same phenomenon was observed in the first and third
patient in group 2. Resorption of the haematoma and resolution of the
aspecific inflammatory response at that time are likely.
Table V.VIII. False-positive results
probable cause

group 1 - haematoma at site of renal
artery implantation into graft
group 2 - haematoma groin
- haematoma groin
- haematoma retroperitoneal
- seroma groin
group 3 - non-inflammatory reaction after
re-implantation bifurcation
graft
- colonic uptake
, .
,
same patient
- colonic uptake
group 4 - thrombus formation in
re-occurrent dissecting
aneurysm

corrected by
repeated
scintigraphy

time between first
and repeated
scintigraphy
2 months
4 weeks
6 weeks

In this series of 88 scintigrams, colonic uptake was observed on 11 images
(12.5%). The localization was predominantly on the right side, which excludes, as the origin, a mild ischaemic left colitis caused by interference of
the blood flow in the inferior colic artery.41"44 In some cases, it was difficult to distinguish between pathological activity located at the right iliac
region and right colonic uptake; this probably also caused an abnormaï
fossa ratio. This may have produced the two false-positive scans in the
second patient in group 3 (Table V.VIII). Deposition of labelled platelets,
contaminating the leucocyte preparation at the operation site may be
responsible to some extent for false-positive images, as was probably the
case in the patient in group 4 (Table V.VIII).
If the final results (Table V.VI) are confined to the most important
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group (4) with late infections, it is clear that it was possible, with the
scintigraphic method used, to demonstrate infection in all cases (13) prior
to surgical re-exploration. Sites of involvement found at reintervention
were consistent with the scintigraphic localizations.

Conclusions
- Uncomplicated implantation of an arterial graft results in a slight increase in quantitative Indium-Ill leucocyte uptake. This is not apparent
on the analogue images, nor does it influence interpretation in the case of
infection.
- A non-infectious inflammatory response at the site of operation can result in a false-positive scan in the immediate postoperative period. This
activity subsides if no infection develops, as demonstrated by repeated
scintigrams.
- In patients at risk for an early graft infection, Indium-Ill leucocyte
scintigraphy can be used as a postoperative screening test. Quantification
of activity will improve the results in these patients.
- In the case of infection, an accurate diagnosis of the lesion was made
with both assessment methods.
- The high sensitivity and specificity compared with other diagnostic modalities available and the minor invasive character, makes Indium-111 leucocyte scintigraphy a favourable test in patients suspected of an arterial
graft infection.
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Chapter VI
Indium-Ill labelled leucocyte scintigraphy after hip
surgery
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Amsterdam, Amsterdam

Summary
In this study the value of Indium-111 oxinate leucocyte scintigraphy as
a diagnostic means in differentiation between septic or non-septic complications after hip surgery has been evaluated. Thirty-two scintigrams were
performed in 31 patients, with different types of operations performed
and in three different time intervals postoperative))'.
The overall accuracy obtained was 50%, the specificity 40% and sensitivity 70%. This low diagnostic accuracy seemed mainly to be inherent in
the peculiarities of complications observed after arthroplasties. The different local reactions do not differ markedly whether an infection is present
or not and are characterized by a histological picture of a granulomatous
like reaction with a varying degree of cellular infiltration. Therefore it was
concluded that the Indium-Ill leucocyte scintigraphy showed to be of
limited value in the pathology of infected hip arthroplasties.

Introduction
The major concern after partial or total prosthetic hip replacement still
lies in differentiating between failure resulting from septic or aseptic
loosening. Both conditions are serious complications for patients, who for
the most part are elderly. Revision procedures for non-septic loosening are
rather major surgical events with a significant morbidity and mortality
rate. The infection rate is high, suggesting that the pre-operative diagnosis
of a non-septic mechanism might have been incorrect.1'2 However, good
management of septic loosening of hip prosthesis is an even greater orthopaedic problem with a considerable impact for the patient. 24
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A definite diagnostic answer, in the pre-operative phase, to the question
septic or aseptic is most important for the final management and outcome
for the patient. The various parameters and diagnostic methods currently
being used too often result in a unreliable answer to that question.5
Infection after hip surgery can present itself early postoperative (within
the first 12 weeks after surgery); delayed postoperative (signs occurring up
to one year after surgery); and late postoperative (more than one year after
surgery).6 Late postoperative accounts for approximately 50% of all infections.
An early infection can manifest itself as: (1) an abscess; (2) a through
skin leaking haematoma, secondarily leading to infection; (3) a deep haematoma, leading to infection without skin break or leakage; and (4) disturbed wound healing, leading to infection.
There is no special feature in this early type of infection, which results in
all probability from intra-operative contamination.
In the case of an early infection, differential diagnosis between a superficial
or deep infection is important. A superficial wound infection is characterized by local inflammatory signs. In deep infections, common findings
are pain, joint tenderness, and wound induration or persistent drainage. A
sinogram can help in the diagnosis. Bacterial cultures will be positive, unless systemic prophylactic antibiotics have been given.
A delayed infection, is preceded by normal wound healing, while the patient remains febrile and the sedimentation rate is elevated for a shorter or
longer period after surgery. A persistently painful hip in the postoperative
period is an other feature in these patients.
Late infections appear after perfect wound healing and an initially successful arthroplasty. The first sign of infection are pain and/or radiological
changes appearing one or more years after surgery.
In cases of delayed and late infections, differential diagnosis between (a
deep) infection and mechanical loosening is the most important issue.
Pain is a characteristic symptom with infection. The pain is dull and is
present both during the night and in the daytime. It may improve during
antibiotic treatment and it is only partly related to weight bearing or movement of the hip. The onset is insidious and gradual. The previous history may reveal a complicated postoperative course, including elevation of
temperature, persistent pain or wound healing disturbances.
Radiological changes, which are usually not present earlier than three to
six months postoperative,7 can consist of periostal reactions and puncheriout lesions of the cortical bone and/or ectopic bone around the hip joint.
Although some authors claim that roentgen investigation may differentiate between lysis and infection,8 this is contradicted by others.5'9
Of the laboratory data, a persistent elevation of the ESR is the most re-

liable indication of chronic infection present in about three-quarters of the
patients.6 However, a non-specific elevation of the ESR after surgery can
take up to three to four months to return to normal. A persistent ESR elevation of 40 mm/first hour or more should be suspected as an indication
for infection.6'8
WBC and differential count are of some value in the acute infection, but
in subacute and chronic infections they are usually not altered.6
Aspiration of the affected joint might be indicated in some instances,
but must be performed under strictly aseptic conditions. Bacterial cultures should be carried out carefully because there is often a delayed
growth found only in subcultures, which is due to prior antibiotic therapy
or low virulence organisms.6 The cellular morphology of the aspirated
material can be a help in the diagnosis. An increased number of PMN leucocytes gives evidence of', suppurative infection. A prevalence of plasma
cells might indicate the presence of a chronic infection.6
Arthrography during aspiration has been found to be useful for verification of the proper intracapsular placement of the needle and for the diagnosis of loosening of the prosthesis.10
In the diagnosis of loosening arthroplasties, scintigraphy with
Technetium-99m-diphosphonate and Gallium-67 citrate has been used.
Accumulation of 99m Tc activity indicates reparative bone processes,
which is normally found up to six to ten months postoperative. When observed after this period, pathology is probably present.11 If the abnormal
pattern is focal, non-septic loosening is likely; if a diffuse pattern is observed, infection has to be considered.12 Gallium-67 is known to accumulate in areas of infection, and has been considered helpful by some authors.9'13
Scintigraphy with Indium-111 oxinate labelled leucocytes has recently
demonstrated to be a useful and more specific test than 67Ga-citrate in
diagnosing occult inflammatory processes.14'15 A diagnostic accuracy of
80 to 90% was obtained in several series with intra-abdominal and retroperitoneal inflammatory lesions and vascular graft infection.1621 Others
reported the diagnosis of endocarditis,22 acute osteomyelitis, septic arthritis, etc.23
In this study, the value of the Indium-111 oxinate leucocyte scintigraphy as a diagnostic means in the differentiation between septic of nonseptic loosening of hip arthroplasties has been evaluated.

Methods
Leucocyts were isolated and labelled with Indium-Ill oxinate as de-
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scribed earlier.19 Scintigrams were performed 20 to 24 hours after injection of 300 tot 500 {id of labelled cells.
Anterior views were taken of both hip joints, symmetrically, enabling left
and right comparison to be made.
In nine patients, the results of the Indium-Ill leucocyte scan were compared with the findings on a Technetium-?9m diphosphanate scan, in order to correlate areas of increased activity, indicating bone formation, with
areas of increased Indium-Ill leucocyte activity.

Patients
Thirty-two scintigrams were performed in 31 patients after hip surgery.
Operations performed were: 14 total hip replacements; 12 femoral head
replacements; four screw fixations for femoral neck fracture; and one
osteotomy with internal fixation. Twenty-five female and six male patients, with an age range from 46 to 92 years (mean: 72 years), participated
in this series.
Fifteen patients in whom 16 scintigrams were performed, were suspected
of an early infection, i.e. within 12 weeks after surgery. Nine patients
(nine scintigrams) of a delayed infection, i.e. within one year after surgery,
and seven patients (seven scintigrams) of a late infection, with symptoms
and signs presenting more than one year after surgery.
All patients presented symptoms suggestive of infection and/or loosening of the prosthesis. Pain was the main complaint voiced by all patients.
An elevated ESR was a common finding in all patients as well. The average ESR was 73 mm/hour, the minimum being 21 mm/hour and the
maximum 125 mm/hour. Other criteria, on which the final diagnosis was
based, include roentgenographic changes, aspiration of the joint with direct Gram stain and culture, gross findings at operation and histological
examination, and culture of material obtained at operation. Elevated temperature and WBC and differential count were of little value; the temperature being, at worst, subfebrile and WBC's not increased.
Nineteen scintigrams were followed by an operation, two by a punture
and 11 by conservative management. The average clinical follow-up after
scintigraphy was nine months, with a minimum of two months and a
maximum of two-and-a-half year.

Results
Of the 32 scintigrams performed, 13 demonstrated distinct abnormal accumulation of activity at the site of the hip joint or proximal femur; seven
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showed abnormal activity, but less marked than the former 13 scintigrams. No abnormal accumulation of activity was observed on 12 scintigrams.
Scans were considered to be true positive only, when the clinical diagnosis of an 'infected hip' was supported by positive bacterial growths.
Positive scintigrams showing a distinct abnormal accumulation of activity: Eight patients with positive scintigrams were re-operated and aspiration was performed in two patients. Among these ten patients, there were
three with a bacteriologically proven deep infection, two early postoperative and one late postoperative (Fig. VI. 1,2). In one patient, bacterial cultures remained negative, but a diagnosis of loosening due to low-grade infection was made, based on histological examination of the joint tissue
(Fig. VI.3). These four scans were classified as true positive (Table VI.I).
In the remaining six patients, the following conditions were found at
operation: a non-septic loosening of two total hip prostheses (Fig. VI.4); a
non-septic loosening with serious destruction of the acetabulum associated
with two femoral head prostheses; and aspecific inflammatory reactions
with negative bacterial cultures after a screw fixation in one and after a total hip replacement with perforation of the femur shaft in another patient
(Fig. VI.5). These six scans were considered to be false positive (Table
VI.I).
Three positive scintigrams in three patients were subjected to clinical
non-surgical follow-up. In two patients, clinical symptoms subsided without evidence of infection, these scans being classified as false-positive
(Table VI.I). In the other patient, clinical symptoms were highly suspective for a low-grade infection, but given the patient's age, a revision was
not performed. This scan was considered as true positive (Table VI.I).
Positive scintigrams showing only a minor abnormal accumulation of
activity: Five of these were followed by re-operation. Two patients had a
serious destruction of the acetabulum with loosening of the femoral head
prosthesis, bacterial cultures were negative. In a third patient, a non-septic
loosening was found of a total hip prosthesis. In one patient, a femoral
head necrosis after screw fixation without infection was found, and in another a femoral head necrosis with a sustained infection after previous
drainage. The last scan was considered true positive, the other four as
false positive (Table VI.I).
in two other patients, re-operation was not performed, both were scanned within three months after operation, clinical signs slowly returned to
normal in these patients. These scans were classified as false positive (Table VI.I).
Negative scintigrams: No focal activity could be observed at the site of
the arthroplasty on 12 scintigrams.
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Five of these scans were followed by re-operation and one by aspiration.
Clear evidence of infection was found in two patients. In another patient,
cultures were negative, but the histological appearance was typical for a
low-grade infection. These three scans were classified as false negative
(Table VI.I). In two patients, an aspecific inflammatory picture with
loosening and negative bacterial cultures were found. In the last patient,
aspiration of joint fluid did not reveal infection. These latter three scans
were considered as true negative (Table VI.I).
Six scans were not followed by a surgical procedure. The clinical followup revealed no further development of signs of infection. In most patients,
the pain subsided and ESR returned to normal. These scan were considered as true negative (Table VI.I).
Table VI.I: Results
confirmed at operation
or needle aspiration
true positive
true negative
false positive
false negative

6
9
14
3

5
3
10
3

32

21

accuracy

50%

specificity 40%
sensitivity 70%

Fig. VI.I: Right hip: early postoperative wound and deep infection after femoral
head replacement; Left: normal
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Fig. VI.2: Late postoperative deep infection
a. Left hip: Indium-Ill leucocytes; b. Left hip: Tc-99m-diphcsphonate
Fig. VI.3:
Right hip: delayed
postoperative low-grade
infection of a total hip
replacement;
Left hip: normal

Fig. VI.4:
Right hip: false-positive
scan of a delayed non-septic
loosening, activity at the
lower end of the femoral
part (arrow). Left hip:
normal. Note the activity
taken up by the bone
marrow at the left site and
the absence at the right cite
due to the prosthesis
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Fig. VI.5:
Right hip: normal. Left:
false-positive scan of an
early mechanical loosening
due to perforation of the
femur shaft

Discussion
A rather low diagnostic accuracy was obtained in this series, which was
mainly due to the relative high false-positive rate, but false-negative results were also observed.
False-positive results: The final diagnosis made in the 14 false-positive
scans (Table VI.I) is shown in Table VI.II (non-infected). The different lesions are found to cause either a distinct or a minor accumulation of activity on the scan. Five of these scans were performed within three months
after operation (Table VI.III). Three of these patients had minor symptoms decreasing slowly in time. Two of them showed only minor activity.
In these latter patients, activity due to a prolonged inflammatory response
at the site of operation could provide a possible explanation for the accumulated activity. However, in seven patients scanned early postoperative
(Table VI.III), true-negative scans were observed, so that this phenomenon is not unequivocal as observed with 99mTc-diphosphanate. In the two
other patients with early postoperative false-positive scintigrams, nonseptic loosening was found in one and an aspecific inflammatory reaction
due to perforation of the femur shaft in the other (Fig. VI.5).
Six false-positive scintigrams were observed between three and 12
months after operation (Table VI.III). One patient had subsiding clinical
symptoms. In another case, a puncture revealed an aspecific cellular
response and bacterial culture was negative. Four were re-operated, nonseptic loosening was found in three (Fig. VI.4) plus additional serious
destruction of the acetabulum in two. The activity on the scan in these
two patients was located at the site of the acetabulum. In the last patient,
showing only minor activity, a femoral head necrosis after screw fixation
was found.
Three false-positive results were observed more than one year after the
hip arthroplasty (Table VI.III). A non-septic loosening was found at re-
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operation in all three with additional serious destruction of the acetabulum
in two. In these latter two patients activity was also found at the site of the
acetabulum.
In most of these patients, serious tissue destruction and aspecific granulomatous reactions were found at operation. Some degree of leucocyte infiltration at these sites and subsequently accumulation of activity can be
expected.
Table VI.II: Clinical diagnosis
minor
accumulation
of activity

distinct
accumulation
of activity

no abnormal
activity

infected
— deep infection/purulent
— septic loosening/low-grade
infection
— femoral head necrosis/
infected

3

2

2

1
1

non-infected
3

to

1

to

2
1
to to

— non-septic loosening
— non-septic loosening +
destructed acetabulum
— femoral head necrosis/
non-infected
— aspecific inflammatory
response/culture negative
— none/clinical signs 1

2

6

Table VI.Ill: Results in relation to the length of postoperative periods

true positive
true negative
false positive
false negative

early
( < 3 months)

delayed
(3 months-1 year)

late
(> 1 year)

3
7
5
1

1
1
6
1

2
1
3
1

16

9

7

False-negative results: The final diagnosis made in the case of the three
false-negative scintigrams were a deep purulent infection in two cases and
a low-grade septic loosening in the third (Table VI.II). One patient with a
deep infection early postoperative (Table VI.Ill) was scanned eight days
after operation. At that time only a slight raise of temperature and ESR
was present. A drainage procedure was performed 25 days after the scan.
The second patient with a deep infection, found late postoperative (Table
VI.III) was treated with a high dosage of prednisone for an acute glomerulonephritis at the time of investigation.
In the first patient, the question can be raised whether a scan can be expected to b* positive so long before clinical signs of infection develop. In
the second patient, the use of prednisone could have influenced the immune response and subsequent adequate cell migration into the contaminated area. This was illustrated by the tissue to blood ratio, measured
after a drainage procedure, of joint fluid 0.16, bone 0.30 and joint capsule
0.30 respectively. The last patient with a negative scintigram was scanned
between three and 12 months after operation (Table VI.III). A septic
loosening with serious destruction of the acetabulum was found with a
histological picture typical for a low-grade infection.
This type of infection is histologically characterized by fibrinoid necrosis, scattered leucocytes and hypervascularity. The degree of leucocyte infiltration is determinant for the final scintigraphic result; if this is too low,
a negative scan can be expected.
It is clear that Indium-Ill labelled leucocyte scintigraphy of infections
after arthroplasty and other operations on the hip joint gives varying
results with a low diagnostic accuracy (Table VI.I). This is the more apparent when these disputable results are compared with the good results
derived from this method in the detection and localization of intraabdominal infectious lesions.1619 It is suggested that this difference in outcome is caused by a difference in local host defence response initiated by
the presence of a large foreign body and the presence of a fracture-like
bone lesion, which are both encapsulated by dense fibrous structures.
In general, the local host response presents itself in two main types: (a)
as an exsudate consisting mainly of fluid with few cells; and (b) as an infiltrate consisting of less fluid with an abundance of cells. The latter reaction
is represented in intra-abdominal infectious lesions and is the eminent
reaction to be visualized by leucocyte scintigraphy. It is clear that the
exsudative reaction is not suitable for cell-based scanning techniques and
that mixed types give doubtful result.
The very early aspecific non-infectious reaction has an exsudative character, which becomes more cellular in course of time, if the causing agent
is still present. The latter can be provided by an unstable foreign body, i.e.
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a loosening prosthesis. The inflammatory reaction to a microbial agent is
generally an infiltrative response. The degree of cellular infiltration, however, is different varying from scattered leucocytes in low-grade infection
to an abundance of cells in case of a purulent infection.
We assume, that the unpredictable different local reactions to arthroplasty, which, in a later phase, do not differ markedly whether an infection is present or not,2 are the predominant causative factors why scintigraphy with labelled leucocytes is not the modality of choice to differentiate between a sterile and an infectious reaction type after surgical correction of the hip joint.

Conclusion
Although leucocyte scintigraphy has been shown to be of use in demonstrating inflammatory and infectious processes in various localizations, it turned out to be of limited value in the pathology of hip arthroplasties. This seems mainly to be inherent in the peculiarities of complications of protheses, especially in the delayed and late manifestations.
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General discussion
The study detailed in this thesis was carried out as a result of the interest in Indium-111 leucocyte scintigraphy generated by the first publications dealing with the successful use of this diagnostic means in man.1'2
These studies established the possibility of labelling cells with preservation of their viability and subsequent normal function after re-injection. In
combination with the introduction of Indium-HI, an isotope with good
radiation characteristics for camera imaging, a possibility to visualize the
distribution and accumulation of the labelled cells after re-injection was
provided.
It was expected that the use of labelled leucocytes would provide a specific diagnostic test in the diagnosis of inflammatory disease. The main
reason for this being that these cells for the greater part are involved in
most types of acute inflammatory reaction.
The inflammatory response is a characteristic tissue reaction to injury,
as brought about by physical-chemical agents and micro-organisms. However, an unambiguous definition of inflammation is difficult. The inflammatory response is a series of concomitant events rather than a single one.
Different types and sites of injury lead to variation in the relative intensity
and duration of particular aspects of the reaction.3
Depending upon its duration, inflammation is described either as acute
or chronic. Acute inflammatory reaction is characterized by three main
vascular events: (1) vasodilatation and changes in blood flow; (2) exudation
of plasma; and (3) emigration of polymorphonuclear (PMN) leucocytes.35
Local and/or general factors may prevent resolution of phenomena typical
for the acute inflammatory reaction, which leads to the development of a
more chronic process.
Chronic inflammation is characterized histologically by a tissue response
of a mixture of vascular and exudative features of acute inflammation with
those of repair. The tissues are infiltrated by macrophages, lymphocytes
and plasma cells.3'4»6
In evaluating a diagnostic method, the question posed is determinant
for the final outcome. Since the aspecific nature described of the inflammatory response, it is clear that labelled leucocytes will accumulate in every
'acute' lesion whether the causal agent is a micro-organism or not.
In clinical practice however, demonstration of infectious inflammatory
lesions, especially abscesses, is the primary interest. In our clinical study,
both infectious and non-infectious inflammatory lesions were visualized.
In assessing results, based on the clinical question, only those accumulations caused by an infectious inflammatory lesion counted for a true
result.
The non-infectic is inflammatory lesions observed, represented a va-
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riety of lesions, which were often present in the mainly postoperative patients, who contributed to our studies. The inflammatory response at the
site of such lesions as wounds, drain sites, intestinal anastomoses, colostomies, areas of extensive dissection, around mitotic processes, etc. is usually of shorter duration and/or of lesser intensity than if caused by frank infection.
For this reason, it is possible, in most cases, to differentiate on the scintigrams between accumulation caused by infectious or non-infectious lesions due to the variance in intensity of accumulated activity. In severe acute
infection, it is difficult or impossible to differentiate between an infiltrative phase and those situations in which liquefaction or abscess formation
has taken place.
These phases mentioned above accumulate leucocytes and, subsequently,
radio-activity to a similar extent. Therefore, differentiation on the scintigraphic images is not feasible.
The diagnosis of acute inflammatory lesions is the most important clinical issue. There is a good deal of overlap between the histological picture
of acute and chronic inflammation, as such acute inflammatory processes
as typhoid fever are represented by a typically mononuclear picture and,
on the other hand, a chronic inflammation like chronic osteomyelitis with
a mainly polymorphonuclear cellular response.
The change described in the cellular picture from polynudear to mononuclear when an inflammation develops into a chronic lesion, makes it
clear that labelled PMN-leucocytes will probably not accumulate in the
same amount in those lesions. In our study, visualization of more chronic
lesions and lesions in a resolution phase was observed, although showing a
lesser intensity of activity than the acute inflammations. However, negative scintigrams were also observed in chronic lesions and in one patient
with a typhoid splenic abscess. A typical chronic inflammatory response,
such as a granulomatous-like inflammation, is observed in patients with
complications after hip arthroplasties. The histological picture of this granulomatous reaction, is variable and non-specific and can be caused by
both infectious and mechanical factors. In this series, positive and negative images were seen to occur in similar clinical entities, leading to a high
number of false results when the diagnostic question infected or noninfected was posed.
Another group of patients with a varying picture of inflammatory
response are those with an infected arterial graft. In these patients, however, inflammatory lesions were easily visualized, even the localized aortoduodenal fistulas. We assume that by the close relationship between the
affected area and the bloodstream, an adequate migration of labelled cells
into those lesions is facilitated.
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Understanding the nature outlined above of the inflammatory processes
is essential in properly assessing the results obtained when use is made of
Indium-Ill labelled leucocytes in the diagnosis of inflammatory lesions.
When diagnostically we confine ourselves to a demonstration of abscesses, a very low accuracy is obtained. On the other hand, if undifferentiated
visualization of any acute inflammatory process is required, the method
seems to be very accurate. The nature of the method, using labelled leucocytes in their role as inflammatory cells, makes it clear that sensitivity will
be high (determined by the false-negative rate), but that specificity is less
(determined by the false-positive rate), when the thrust of the diagnostic
question is differentiation between infectious and non-infectious inflammatory lesions. Because of the clinical goals, this differentiation was used
as a criterion for the assessment of the scintigraphic results in our clinical
studies.
In our experience, however, the lesser specificity did not cause serious
problems in clinical practice. Moreover, we feel that a lower specificity
does not negatively influence the detection of occult acute inflammatory
lesions in Indium-Ill leucocyte scintigraphy.
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Summary
The Introduction contains a brief review of the development of the
diagnostic possibilities for inflammatory processes. In addition, an outline
is provided of the reasons for evaluating the use of Indium-111 oxinate labelled leucocytes in a clinical study.
In Chapter I, the theoretical and practical aspects of Indium-Ill oxinate leucocyte labelling are described. The practical aspects of cell isolation, by the methyl cellulose sedimentation method and labelling of the
cell suspension with Indium-111 oxinate, are outlined and some technical
details discussed. The maintained viability of the labelled cells was demonstrated in vitro by chemotaxic assays and in vivo by a 41.2 ± 11.1% intravascular recovery of the total cell-bound activity at one hour. An invitro analysis of the cell suspension revealed a cellular composition of 25
± 14.5% leococytes, 29.2 ± 13.8% red blood cells and 45.3 ± 17.9% platelets of the total cell count. The distribution of cell type bound activity as
a percentage of the total cell-bound activity was found to be: leucocytes
64.1 ± 20.2%; red blood cells 24.1 ± 15.4%; and platelets 11.8 ± 6.0%.
The mean activity distribution and redistribution in the liver, spleen, and
total circulating blood was calculated in a four-day period after reinjection. The 24-hour percentage of activity in the liver was 20.1 ± 5 . 1 %
and in the spleen 14.7 ± 5.5%. The calculated absorbed radiation doses
were: liver 3.3 rads/mCi; spleen 13.6 rads/mCi; and bone-marrow 3.3
rads/mCi.
Kinetic studies demonstrated a rapid decrease of activity in the first four
hours, due to the disappearance of leucocyte bound activity. Migration of
labelled leucocytes into inflammatory lesions was demonstrated by measuring lesion to blood activity ratios; a maximum of 28.5 was found.
In Chapter II details are given of the initial results we obtained in a
pilot study, with Indium-Ill labelled leucocyte scintigraphy. S?vty-six
scans were performed in 61 patients. In the first 20 examinations, two
scans were true positive and nine false negative. The false-negative results
were due to loss of viability of the labelled cells. A modified labelling technique, with a much lower oxine concentration, was used in a further 46
examinations in 42 patients. Of these, 24 scintigrams were true positive
and 22 true negative, while no false-positive or false-negative results were
observed.
Chapter DI contains an evaluation of a series of 225 Indium-111 leucocyte scintigrams performed in 184 patients suspected of an intraabdominal, retroperitoneal or pelvic inflammatory process over a 2V2-year
period. 123 Scintigrams were true positive (82 surgically confirmed) and
73 true negative (11 surgically confirmed). Diagnostic accuracy was 87%,
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specificity 80% (18 false-positive scans), and sensitivity 92% (11 falsenegative scans).
False-positive results were based in the main on leucocyte accumulations,
due to aspecific cellular inflammatory reactions. False-negative results
were mainly related to intrahepatic, intrasplenic or more chronic lesions.
Chapter IV provides a description of an Indium-Ill labelled
leucocyte-Technetium-99m-Sn-colloid computer-assisted subtraction scmtigraphy. This technique was used in 65 patients suspected of an upperabdominal inflammatory disease. In 84% of these cases, a definite diagnosis would have been impossible without this method of subtraction. Accuracy was 80%, sensitivity 93%, and specificity 59%. The false-positive results were either due to non-infectious inflammatory lesions with accumulation of leucocytes or to some pitfplls in the subtraction technique itself.
Chapter V considers a study which was carried out to evaluate the
diagnostic value of Indium-Ill leucocyte scintigraphy in patients suspected of an infected arterial graft. Seventy-five scintigrams were performed in 64 patients in four different groups, after aorto-iliac, aorto-femoral
or femoro-popliteal and thoracic aorta grafting and 13 control scintigrams
in 13 patients without previous arterial surgery. In addition to the analogue images, Indium-111 leucocyte uptake was determined on digital images in standard regions and graft/aorta and left/right iliac arteries and
left/right iliac fossa ratios were calculated.
After 10 days postoperation, uncomplicated implantation of a graft caused, quantitatively, only slight increase in Indium-111 leucocyte accumulation. Quantification favourably influenced results in screening patients at
risk for a graft infection in the early postoperative period. In the case of
late postoperative infection, an accurate diagnosis was obtained by means
of both assessment methods. The overall results showed an accuracy of
84%, specificity of 83% and sensitivity of 86%.
Chapter VI deals with a study performed in 31 patients after hip surgery to evaluate the diagnostic value of Indium-111 leucocyte scintigraphy
in differentiating septic and non-septic complications. A total of 32 scintigrams were performed, resulting in an accuracy of 50%, sensitivity of
70% and specificity of 40%. The high number of false results is due to the
pecularities of complications observed after arthroplasties. There was no
marked difference in the various local reactions, whether an infection was
present or not. The histological picture in both conditions showed a varying granulomatous type of inflammatory response. Therefore, the
Indium-111 leucocyte scintigraphy could be seen to be of limited value in
the ppthology of hip arthroplasties.
In the General Discussion, there is a review of the characteristics of
the different types cf inflammatory responses, in order to obtain a better
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understanding in assessing results obtained with Indium-Ill oxinate labelled leucocytes in the diagnosis of inflammatory disease.
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Samenvatting
In de Introductie wordt een kort overzicht gegeven van de recente ontwikkelingen in de diagnostische mogelijkheden voor het aantonen van
ontstekingsprocessen, met name het röntgen- en scintigrafisch onderzoek.
Tot op heden werd Gallium-67 citraat het meest toegepast bij scintigrafisch onderzoek bij het opsporen van ontstekingen. Het aspecifieke karakter van deze methode is echter een groot nadeel. Daar akute ontstekingsreakties gepaard gaan met infiltratie van leukocyten, zou het gebruik van
deze cellen als transportmechanisme voc r radioaktieve stoffen mogelijk
een meer specifieke methode bieden.
Het gebruik van Indium-111 oxinaat voor dit doel werd in 1976 door
McAfee en Thakur beschreven.
Onze interesse in deze methode ontstond na de eerste publikaties over de
succesvolle toepassing bij de mens. Onze eerste resultaten in een pilot
study waren teleurstellend, door een groot aantal fout-negatieve scans. Dit
bleek te berusten op een niet goed functioneren van de cellen na re-injectie, veroorzaakt door een toxisch effect van oxine. Door modificatie van de
labeling techniek werd de onderzoeksmethode verbeterd.
Het doel van dit onderzoek was de waarde van scintigrafie door middel
van met Indium-111 oxinaat gelabelde leukocyten te evalueren bij de diagnostiek van ontstekingsprocessen.
Hoofdstuk I beschrijft de theoretische en praktische aspekten van het
labelen van leukocyten met Indium-111 oxinaat. De praktische aspekten
van het scheiden van cellen door middel van uitzakking, waarvoor methyl
cellulose wordt gebruikt, worden toegelicht, evenals het labelen van de
verkregen cel-suspensie met Indium-111 oxinaat.
Het behoud van de normale eigenschappen en funkties van de gelabelde
cellen werd in vitro aangetoond met behulp van chemotaxie proeven en in
vivo door een goede intravasculaire opbrengst, namelijk 41,2 ± 11,1%
van de totale toegediende celgebonden aktiviteit één uur na injectie.
Een analyse van de, via de beschreven scheidingsmethode verkregen, celsuspensies, gaf de volgende samenstelling te zien; 25,0 ± 14,5% leukocyten, 29,2 ± 13,8% erythrocyten en 45,3 ± 17,9% trombocyten. De verdeling van de aan de cellen gebonden radioaktiviteit over de verschillende
typen cellen was als volgt: leukocyten 64,1 ± 20,2%, erythrocyten 24,1 ±
16,4% en trombocyten 11,8 ± 6,0%.
Aktiviteitsverdeling en herverdeling in het lichaam werden gemeten gedurende een periode van vier dagen na injectie. Na 24 uur bevond zich
20,1 ± 5,1% van de toegediende dosis in de lever en 14,7 ± 5,5% in de
milt. De berekende stralingsbelasting van de lever was 3,3 rads/mCi, de
milt 13,6 rads/mCi en het beenmerg 3,3 rads/mCi.
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Kinetische studies lieten een sn^Je vermindering van aktiviteit uit het
bloed zien in de eerste vier uur. Dit wordt veroorzaakt door het normale
verdwijnen uit de circulatie van leukocyten en daarmee de aan leukocyten
gebonden aktiviteit.
De infiltratie van gelabelde leukocyten in ontstekingsgebieden werd bevestigd door het meten van radioaktiviteit in materiaal verkregen uit ontstekingsprocessen en dit te vergelijken met de waarden in het bloed. De
gevonden ratio's hadden een maximum van 28,5.
Hoofdstuk II beschrijft de eerste resultaten uit onze pilot study. In totaal werden 66 scintigrammen gemaakt bij 61 patiënten. Van de eerste 20
onderzoekingen bleken er slechts twee correct positief, negen correct
negatief en geen fout positief, terwijl negen fout negatief bleken te zijn.
Deze fout-negatieve onderzoekingen werden veroorzaakt door het niet
goed functioneren van de cellen na injectie door een toxisch effect van oxine. Met een gemodificeerde labeling techniek werden nog eens 46 onderzoekingen gedaan bij 42 patiënten. Hiervan waren 24 scintigrammen
correct positief en 22 correct negatief.
In Hoofdstuk Dl wordt over een periode van 2xk jaar een serie van 225
Indium-111 leukocyten scans beschreven welke gemaakt werden bij 184
patiënten, die verdacht werden van een intra-abdominaal, retroperitoneaal
of een bekkenabsces. Van deze onderzoekingen waren 123 correct positief
(82 bevestigd door een chirurgische follow-up) en 73 correct negatief (11
bevestigd door een chirurgische follow-up). De algehele diagnostische betrouwbaarheid (accuracy) was 87%. De specificiteit, bepaald door 18 foutpositieve resultaten was 80% en de sensitiviteit, bepaald door 11 foutnegatieve resultaten, 92%.
De fout-positieve resultaten werden voornamelijk veroorzaakt door leukocyten infiltraties ter plaatse van aspecifieke ontstekingsreakties. De foutnegatieve resultaten werden vooral gezien bij in de lever of in de milt gelegen afwijkingen of bij meer chronische ontstekingen.
Hoofdstuk IV beschrijft een techniek waarbij door middel van een
computer van een Indium-111 leukocyten scan een Technetium-99m lever en milt scan wordt gesubtraheerd. Deze techniek werd toegepast in 65
patiënten die verdacht werden van een ontstekingsproces in de bovenbuik.
In 84% van deze patiënten was zonder deze subtraktie een zekere diagnose
niet mogelijk geweest, door de storende invloed van de normale aktiviteitsopname in lever en milt. De algehele diagnostische betrouwbaarheid
bedroeg 80%, de sensitiviteit 93% en de specificiteit 59%. De foutpositieve resultaten werden veroorzaakt door aspecifieke niet-infectieuze
ontstekingsreakties of door drogbeelden veroorzaakt door de subtraktie
techniek op zichzelf.
Hoofdstuk V evalueert de diagnostische waarde van Indium-111 leuko-
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cyten scintigrafie bij patiënten die verdacht worden van een geïnfecteerde
vaatprothese. Er werden 75 onderzoekingen gedaan in 64 patiënten, verdeeld over vier verschillende groepen, na vaat-reconstructieve operaties in
het aorto-iliacale, aorto-femorale of femoro-popliteale traject en aan de
thoracale aorta. Tevens werden 13 controle scintigrammen beoordeeld in
13 patiënten zonder voorafgaande vaat-reconstructieve operatie. Naast de
gebruikelijke analoge beelden, werd op digitale beelden de Indium-111
leukocyten accumulatie bepaald in gestandariseerde regio's en ratio's van
prothesa/aorta, li/re arteria iliaca en li/re fossa iliaca berekend.
Het bleek dat 10 dagen na een ongekompliceerde inplantatie van een graft
slechts kwantitatief een geringe verhoogde opname van aktiviteit in het
operatiegebied te zien was. Bij het screenen van patiënten, die een verhoogd risico hadden voor een vroeg postoperatieve infektie, werden de resultaten betrouwbaarder wanneer de kwantitatieve waarden tevens in de
beoordeling betrokken werden. Bij patiënten met een laat postoperatief
optredende prothese-infektie werd een betrouwbare diagnose gesteld met
beide beoordelingsmethoden. De algehele diagnostische betrouwbaarheid
was 84%, de specificiteit 83% en de sensitiviteit 86%.
Hoofdstuk VI beschrijft de toepassing van Indium-111 leukocyten
scintigrafie bij patiënten na arthroplastische operaties aan de heup om te
kunnen differentiëren tussen infektieuze en niet-infektieuze komplikaties.
Er werden 32 scintigrammen gemaakt in 31 patiënten, de algehele diagnostische betrouwbaarheid was 50%, de sensitiviteit 70% en de specificiteit 40%. Het grote aantal foutieve resultaten bleek inherent aan de aard
van de komplikaties die kunnen optreden na arthroplastische operaties.
De lokale reakties die optreden verschillen nauwelijks bij het al of niet
aanwezig zijn van een infektie.
Het histologisch beeld zowel bij geïnfekteerde als niet-geïnfekteerde
komplikaties laat een wisselende mate van granulomateuze ontstekingsreakties zien. Hierdoor is Indium-111 leukocyten scintigrafie van beperkte
diagnosticche waarde bij pathologie van arthroplastische heupoperaties.
In de Algemene Discussie wordt een overzicht gegeven van de karakteristieke kenmerken van de verschillende soorten ontstekingsreakties, om
een beter inzicht te geven in de beoordeling van de resultaten verkregen
met de Indium-111 leukocyten scintigrafie. De aard van het chronisch
ontstekingsproces met name cellulaire infiltraties die uit mononucleaire
cellen bestaan, alsmede de vele overgangsvormen tussen de acute en chronische ontsteking illustreren dat het gebruik van gelabelde voornamelijk
polymorphonucleaire cellen niet tot optimale resultaten zal leiden bij deze
vormen van ontstekingsprocessen. In deze serie gold dit onder andere
voor chronisch abdominale ontstekingen en geïnfekteerde heupprothesen.
Bij patiënten met geïnfekteerde vaatprothesen werden goede resultaten
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bereikt, hoewel hier soms ook van een min of meer chronisch beloop sprake kan zijn. Lokale omstandigheden onder andere het direkte kontakt met
de bloedbaan, kunnen er de oorzaak van zijn dat adequate migratie van
cellen bevorderd wordt.
Bij de akute ontstekingsreakties werd een duidelijke visualisatie van het
proces verkregen. Een differentiatie tussen de infektieuze en niet-infektieuze ontstekingsreakties was meestal mogelijk door het verschil in intensiteit van aktiviteit ter plaatse van de laesie. Differentiatie tussen een zeer
aktieve infiltratieve ontsteking en een abces was op de scintigrafische beelden niet mogelijk. Deze ontstekingsfasen resulteren in een zo gelijke mate
van leukocyten infiltratie dat eenzelfde mate van aktiviteitsaccumulatie
wordt verkregen.
In deze klinische studie gaf de lagere specificiteit, die werd veroorzaakt
door de aspecifieke (niet infektieuze) leukocyten accumulaties in de praktijk geen grote beoordelingsproblemen. Een lagere specificiteit beïnvloed
bovendien niet in negatieve zin het aantonen en lokaliseren van akute ontstekingsprocessen met Indium-111 leukocyten scintigrafie.
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Stellingen behorende bij het proefschrift van M. H. Rövekamp.
I
Scintigrafie bij de diagnostiek van akute ontstekingsprocessen waarbij gebruik wordt gemaakt van radioaktief gelabelde granulocyten, is gezien het
histologisch substraat van de akute ontstekingsreaktie een rationele
methode.
II
Scintigrafie met Indium-111 oxinaat gelabelde leukocyten is een meer specifieke methode bij de diagnostiek van akute ontstekingsprocessen dan
scintigrafie met Gallium-67 citraat.
III
Bij de verdenking op een geïnfekteerde arteriële vaatprothese is de
Indium-111 leukocyten scintigrafie het onderzoek van eerste keuze.
IV
Bij komplikaties na het inbrengen van een heupprothese is de scintigrafie
raet Indium-111 oxinaat gelabelde leukocyten niet zinvol bij de differenüatie tussen een mechanische of infektieuze oorzaak van de komplikatie.
V
De in vitro gemeten chemotaxie van radioaktief gelabelde humane granulocyten is een goede maat voor het vermogen van deze cellen om zich in
vivo bij akute ontstekingsprocessen te concentreren.
VI
Het gebruik van een gelabeld gemengd celpreparaat bij het scintigrafisch
aantonen van akute ontstekingsprocessen heeft de voorkeur boven het gebruik van een zuiver granulocytenpreparaat.
Bij de akute ontstekingsreaktie als aspecifiek host-defense mechanisme
wordt de rol van de trombocyt als ontstekingscel onderschat.
VIII
Jiij de scintigrafische diagnostiek van subacute intermitterende tractus
digestivus bloedingen verdient het gebruik van in vitro met Technetium99m gelabelde erythrocyten de voorkeur boven Technetium-99m colloid.

IX
Ter preventie van een stress ulcus bij een patiënt op een intensive care afdeling is de toediening van uitsluitend H2-antagonisten onvoldoende.
X
Bij de behandeling van fissura ani met manuele dilatatie wordt ten onrechte
de externe sfincter musculatuur betrokken.

xi
De noodzakelijke hulp voor een pasgeborene met ambigue genitaliën
draagt een spoedeisend karakter; deze hulp moet worden verleend door
een deskundig team op een neonataal-chirurgische afdeling.
XII
Bij de congenitale galwegatresie is het verrichten van een HIDA scan voor
de differentiaal diagnostiek tussen intra- en extrahepatische cholestase niet
zinvol.
XIII
Bij de bestudering van granulocyten functies bij patiënten met recidiverende infekties moet rekening worden gehouden met het feit dat verschillende stimuli langs verschillende wegen tot aktivatie van het oxidase
systeem leiden.
XIV
Een goede arts-patiënt relatie dient zich ook in de wondbehandeling te manifesteren.
XV
Bij het kiezen voor de zogenaamde matrix struktuur als organisatie principe
voor een ziekenhuis dient het principe van de medische eindverantwoordelijkheid te worden verlaten.

xvi
Zeezeilen is een essentieel onderdeel van een goed chirurgisch curriculum.
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