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THE IMPACT OF 123I-META-IODOBENZYLGUAMDINE SCINTIGRAPHY IN
DIAGNOSING, AND FOLLOW-UP OF NEUROBLASTOMA

Jan Abrahamsen1, Bente Lyck2, Jon Helgestad3, Poul Biichler-Frederiksen2 N O 9 6 0 0 0 0 2

'Department of Clinical Physiology and Nuclear Medicin, Hvidovre Hospital, DK-2650 Hvidovre,2 Department
of Clinical Physiology and Nuclear Medicin, Odense University Hospital; 'Department of Pediatry, Odense
University Hospital, DK-5000 Odense C, Denmark.

Abstract
The present investigation is a retrospective study including all children suspected for having
neuroblastoma, admitted to Odense University Hospital in the period: 1.September 1984-
31 .december 1993. Thirty six children at the age range of 1 month to 14 years and 10 month
were investigated with 123I-metaiodobenzylguanidine (MIBG). Nineteen children had
histologically verified neuroblastoma. Several MIBG scintigraphies were performed to all but
one of these 19 children. Nosologic sensitivity and specificity at the time of diagnosis were
100 %. Positive MIBG scintigraphy strengthened the diagnosis and indicated the volume and
location of the tumour at diagnosis and during the treatment period. Conflicting findings were
found between results obtained with MIBG scintigraphy and standard investigations as CT-
scanning or ultrasonographic investigations in only a few patients. MIBG scintigraphy in all
cases turned out to be the most sensitive modality. Three children were treated with 131I-
MIBG; one is still alive. The present results with 131I-MIBG therapy is too limited to draw
any conclusions.
We conclude that MIBG scintigraphy is very valuable in establishing the diagnosis and for
the staging of neuroblastoma. We found that there was partially agreement with CT-scanning
and ultrasound investigations. Therapy can not be stopped v/ithout a negative MIBG
scintigraphy.

Key words: neuroblastoma, 123I-metaiodobenzylguanidine scintigraphy, diagnosis
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llC-METHIONINE POSITRON EMISSION TOMOGRAPHY
IN HYPERPARATHYREOmiSM

A Sundin1, P Hellman2, H Ahlstrom1, C Jnhlin2, M Bergstrom1,
G Akerstrom2 and J Rastad2

1Uppsala University PET-centre and 2Department of Surgery,
University Hospital, S-751 85 Uppsala, Sweden

Preoperative localization of parathyroid tissue was assessed using
positron emission tomography (PET) in comparison to computed tomogra-
phy (CT), ultrasonography (US) and technetium-tallium scintigraphy (TT).

Before operation (n=8) or reoperation (n=15) 23 patients with
hyperparathyreoidism (HPT) were examined by PET (General Electric 4096)
following i.v. injection of L-methyl-11C-methionine. After a 10 min transmis-
sion scan a dynamic sequence was started and an average image (14-45
min) created. With the aim of increasing the uptake of methionine in the
parathyroid tissues, Na2-EDTA was infused intravenously in 6 patients be-
fore or during a second PET examination. Contrast enhanced CT (Siemens
Somatom Plus) using 4 mm contiguous slices was carried out in 19, US
(Acuson 128, 5-7 MHz) in 15 and TT in 11 patients.

Sugery revealed 25 findings of enlarged parathyroid tissue. PET was true
positive in 80% with no false positive results. CT was true positive in 58%,
US in 53% and TT in 45%.

It is concluded that PET may provide novel possibilities for preoperative
parathyroid imaging in HPT especially in reoperative cases.



Specific targeting and quantification of amyloid deposits with 123I-labeled
serum amyloidprotein P (123I-SAP)

NO9600004
Rootwelt K1. Hartmann A2, Eld jam A1, Farstad B3.
X)Section of Nuclear Medicine and 2* Department of Medicine B,
Rikshospitalet, N-0027 Oslo, 3>Institutt for Energiteknikk,
N-2007 Kjeller.

Background. Amyloidosis is characterized by typical fibrillar
proteinaceous deposits that exhibit a red-green birefringence
when viewed under polarized light after staining with Congo red.
Different types of amyloid contain specific fibrillary proteins
formed from different precursor proteins (e.g. serum amyloid
protein A in AA-amyloidosis; kappa or lambda light chains in AL-
amyloidosis). Systemic amyloidosis is a progressive disease, and
no effective drug treatment is known. Diagnosis is made by
biopsy. In 1988 a group from Hammersmith Hospital reported that
systemic amyloidosis could be monitored by scintigraphy with
i23j_SAp ^i], because SAP is a normal circulating plasma protein
that is deposited on all types of amyloid fibrils. We have used
i23j_SAp ^ n a prospective study to evaluate if immunosuppression
might be of benefit in systemic amyloidosis.

Material and method. Fourteen patients (11 AA-, 3 AL-
amyloidosis) were studied after renal transplantation for renal
failure secondary to amyloid kidney deposits. So far 3 patients
have been restudied after 1 year. The control group consists of
3 renal transplant patients without amyloidosis. SAP has been
purchased from Hammersmith Hospital and labeled with 123i
locally. We have injected approximately 125 MBq 123I/90 /xg SAP
per study. Plasma elimination rate and excretion of
radioactivity in urine have been followed for 48 h, and whole
body scintigraphy performed at 1, 24 and (occasionally) 48 h
after the i.v. injection.

Results. 123I-SAP was localized rapidly in amyloid deposits. In
both AA and AL patients the spleen was usually most affected,
the liver coming second. Specific uptake was also seen in
remaining kidneys (6 patients), renal transplant (3), adrenal
glands (l) and tarsal region (1). With the exception of gastric,
salivary and thyroid gland activity caused by liberated iodide
in one, there was no focal uptake of the 123I-SAP by the control
patients. Extravascular retention of 123I-SAP at 48 h was the
parameter that discriminated best between patients and controls;
retention more or equal to 45% of the dose being pathological.
In the 3 patients followed up after one year of
immunosuppressive therapy extravascular retention was unchanged
in 2 and had progressed in 1.

Conclusion. 123I-SAP scintigraphy combined with plasma samples
and urine collection is well suited for noninvasive detection,
quantification and follow-up of amyloid deposits. Extravascular
•^I-SAP retention at 48 h is the single best quantitative
parameter. Preliminary results suggest that immunosuppressive
therapy is unable to make amyloid deposits regress, but may
inhibit progression.

[1] Hawkins PN, Myers MJ, Lavender JP, Pepys MB. Diagnostic radionuclide
imaging of amyloid: Biological targeting by circulating human serum amyloid
P-component. Lancet 1988; 1: 1413-8.
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RADIONUCLIDE THERAPY OF BONE METASTASES WITH RE-186-HEDP.

Peter P. van Rijk, John M.H. de Klerk, Bernard A. Zonnenberg, Tycho M.T.W. Lock, Anne

Hoekstra, Alfred D. van het Schip, Jacques M.S.P. Quirijnen and Aalt van Dijk.

University Hospital Utrecht, The Netherlands.

Rhenium-186-1,1-hydroxyethylidene diphosphonate (Re-186-HEDP) is used for the palliative

treatment of metastatic bone pain. The short physical half-life of Re-186 (89.3 h) allows high

dose rates and repeated treatments. Urine collection of the patient in a controlled area during the

first 6 to 8 hours guarantees a safe procedure for nursing staff and the family. Moreover,

problems of radioactive waste handling and storage are reduced. At the University Hospital

Utrecht a phase I/II study was conducted. Forty-six (46) hormone resistant prostate cancer

patients with multiple painful bone metastases were treated with doses ranging from 35 to 95

mCi. Escalation of administered dose was implemented in increments of 15 mCi. Several

patients received multiple doses (up to 5 times) at intervals of at least 8 weeks. This resulted in a

total of 110 therapies. Toxicity was mainly limited to bone marrow suppression, which was

confined to a reversible thrombocytopenia (nadir at week 4). Two patients, who received a

95mCi dose, showed a grade 3 toxicity (platelet count 25-50x10^/1), defined as unacceptable

toxicity. This meant that the maximum tolerable dose was determined as 80 mCi. After

treatment alkaline phosphatase levels decreased in all patients (26±10 %, range: 11-44 %).

Prostate specific antigen (PSA) values showed a decline in about 30% of the patients (46±16%,

range: 28-69%). Seventy percent of the evaluable patients showed a reduction of at least 25% in

pain intensity. A placebo controlled trial is underway to measure the true efficacy of this

treatment.

In conclusion, these results indicate that Re-186-HEDP is a safe and effective treatment for

metastatic bone pain and suggests effects beyond palliation.
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Somatostatin Receptor Scintigraphy
in GEP tumors
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Department of Nuclear Medicine, Catholic University of i.ouvain
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I n tr oduct-ion

Somatostatin receptors have been identified on many cells of
neuroendocrine origin, but also on non-neural and non-endocrine
cells, such as activated lymphocytes or the vasa recta of the
kidney. The somatostatin analogue octreotide compete* with
somatostatin binding to the somatostatin receptor subtype 2
(SSTR2) in the low nanomolar range (0.1 - 1 nM), in contrast to
higher values (lower affinity) for types SSTR3 and SSTR5 (10 -
100 nM), and SSTR1 and SSTR4 (> 1000 nM) - Besides normal
tissue, a wide variety of human tumors express somatostatin
receptors. One of the groups identified as having the highest
incidence of somatostatin receptors in vitro are gastro-entero-
pancreatic (GEP) neuroendocrine tumors.

f11!In-DTPA-D-Phe1]-octreotide scintigraphy in GEP
neuroendocrine tumors: The European Multicenter Trial (EMT)
experience

Fifteen institutes (see acknowledgments) participated in the
trial between August 1991 and May 1993. A total of 399 patients
were enrolled in the study. Three hundred and fifty patients
met the inclusion criteria and were retained for the analysis
of efficacy- Tumor locali2ations found by [^In-DTPA-D-Phe* ]-
octreotide scintigraphy were compared t.o thft results of
conventional imaging methods including US, CT, MRI, angiography
and, when available, with biopsy or surgical findings. The
impact of [ ̂ In-DTPA-D-Phe1 ]-octraotide scintigraphy on
patient management was evaluated through a questionnaire
completed by the investigators within one year after the end of
t:he study.
In the EMT tumor sites were detected by convfint.iona3 .i nag ing
methods in 38% of the patients whereas [^In-DTPA-D-Phe1 ] -
octreotide scintigraphy was positive in 80% of the natients.
The highest success rates of [^In-DTPA-D-Phe^j-octreotide
were observed in patient with glucagonomas .(100%), vipotaas
(33%), carcinoids (87%) and nonfunctioning islet ceil tumors
(82%). The low detection rate (46%) noted for insuli.nomas is in
accordance with the results generally reported for this type of
tumor and is related to the low incidence of subtype IT
sonatostatin receptors on insulinona cells. However, the
overall 80% sensitivity found in this trial is lower than,
though comparable to, the 82 - 88% sensitivity obtained at the
University Hospital Rotterdam in patients with GEP
neuroendocrine tumors. Differences in results may bfi related to
differences in patient selection, scanning procedures, such as
the am.ount. of radiopharmaceutical administered (minimal <Jnse of
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In of 200 MBg in Rotterdam), the duration ot the acquisition
arid the use of SPECT imaging (with a triple head camera in
Rotterdam). Abdominal SPECT is particularly useful for the
detection of tumors localized in the upper abdomen where their
presence may be masked on planar views by physiological
radioactivity accumulating in kidneys, liver, spleen and bowel.
The fact that abdominal SPECT was not systematically performed
in all patients investigated in the EMT may explain that only
73% of gastrinoma patients had a positive scan compared tot the
90-ioo% sensitivity reported in other studies.

A total of 388 sites, suspected to be tumors, were visualized
with conventional imaging methods in 308 patients. In addition
to 297 k£own localizations, [ ̂ in-DTPA-D-phe1 j-octreotide
scinrigraphy revealed another 166 unsuspected lesions that were
'initially considered as false positive results. However, 40% of
these unsuspected lesions were subsequently confirmed as true
positive findings based on the results of additional imaging
procedures or histology obtained during the follow-up period.
The clinical relevance of detecting additional tumor
localizations is very much dependent on the clinical status of
the patient. The demonstration of an unsuspected lesion in a
patient with known metastatic spread usually has little impact
on the management. In contrast, the detection of unsuspected
tumor localizations in patients with a single known lesion or
without any known lesion is important in that it may affect the
selection for curative surgery. In the cohort of 350 patients
studied, 4 2 had no lesion detected by conventional imaging
methods and 17 8 were known to have a single tumor localization
prior to the study. [^tn-DTPA-D-Phe^-octreotide scintigraphy
was positive in 11 of the 42 patients (25%) without any
previously known tumor and 12 of the 16 lesions revealed by
scintigraphy were further confirmed as true positive findings.
f1 in-DTPA-D-Phe^-octreotide scintigraphy demonstrated
multiple turner sites in 62 of the 17S patients (35%) with a
solitary known lesion; 60% of these lesions were confirmed hy
foilow-up procedures.

A reply to the impact questionnaire was obtained for 23 5
patients from 13 of the 15 participating institutes. The
information provided by the [ -^In-DTPA-D-phe1 "j-octreotide
scintigraphy had an impact on the surgical decision in 29
cases: surgery was performed in 21 cases and cancelled in
eight. Therapy with octreotide was initiated ir; 47 patients,
and the dose was codified in IS patients based en the
soiaatostatin receptor status characterized by the [ ̂ Tn-ryrPA-
D-Phe1;-octrectide scintigraphy. Overall, the scintigraphic
bindings led to management changes in 40% of the 235 patients
for whom these data were available.



Somatostatin receptor imaging will provide importanr
information concerning the extent of spread and thus help in
selecting the patients most likely to benefit from surgical
therapy. A recent report from the Bich&t hospital in Paris
demonstrated that in 72 patients with metastatic carcinoid or
islet cell tumors who had undergone conventional imaging
methods and were thought to be candidates for liver surgery,
scmatostatin receptor imaging modified the therapeutic approach
in 19 patients (26%). The demonstration of extra-hepatic
netastases resulted in not performing planned partial
hepatectomies in 17 patients and not performing planned liver
transplantation in 2 patients.

Conclusion:
The majority of the GEF neuroendocrine tumors can be visualised
using [-^In-DTPA-D-Fhe^-octreotide scintigraphy. Therefore,
octreotide scintigraphy can be of great value in localizing
tumor sites in this type of patients, also in those cases where
surgery is indicated but no tumor localization can be found
witn conventional imaging modalities.
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Specific internalization of "^n-DTPA-D-Phe^octreotide
in cultured neuroendocrine tumour cells

-a way to radiation therapy?

Viktor Johanson1, Peter Andersson2, Eva Forssell-Aronsson2, Martha Fjalling3, Ola

Nilsson4, Hakan Ahlman1. Departments ofl Surgery, 2Radiation Physics, 3Nuclear

Medicine and 4Pathology, Sahlgrenska University Hospital, S-413 45 Goteborg, Sweden

Neuroendocrine tumour cells have a large number of high affinity surface receptors for

somatostatin. Octreotide is a somatostatin analogue with long biological half-life which is

clinically used for symptomatic treatment of neuroendocrine tumours, as it has an

inhibitory effect on hormone secretion from these tumour cells. '"In-DTPA-D-Phe1-

octreotide (Octreoscan) is used clinically for scintigraphy of neuroendocrine tumours. The

handling of the receptor-ligand complex by the tumour cells is not known. In an attempt to

investigate a possible internalization of the complex into the cells, the binding and

intracellular uptake of '"in-DTPA-D-Phe'-octreotide in primary culture of cells from

human carcinoid and glucagonoma tumours were studied.

Our results show that the tumour cells bound '"in to a varying degree. This is partly due

to varying tumour cell density in the cultures, and partly to biological differences between

the tumour types. The amount of specifically bound lnIn was 61% - 93%. Most of this

bound luIn was not detached by trypsin treatment (which is supposed to remove surface

bound molecules) and probably represent internalized luIn-octreotide. This fraction was to

55% - 65% proteinbound (TCA-precipitable) and was only slowly released from the cells,

so that after 24h about 50% of the internalized luIn was still maintained intracellularly.

We have earlier observed very high concentrations of ulIn in tumour tissue compared to

normal tissue, up to several days after injection of "'in-DTPA-D-Phe'-octreotide. This

observation could be explained by internalization of the receptor-ligand complex, probably

via receptor-mediated endocytosis, a process well described in other hormonal effector

systems, '"in emits a large number of Auger electrons which can be highly cytotoxic if

emitted intracellularly (especially in the nucleus). If'"in-DTPA-D-Phe'-octreotide is

internalized and '"in is retained intracellularly, as our results suggest, '"in-DTPA-D-Phe1-

octreotide may be of interest for radiation therapy of neuroendocrine tumours.
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INTRAOPERATIVE SCINTILLATION DETECTION OF min-DTPA-D-PHe1-OCTREOTIDE IN
PATIENTS WITH NEUROENDOCRINE TUMOURS
Eva Forssell-Aronsson*, Peter Andersson^, Martha FjaUing-̂ , Viktor Johansson**, Bo Wangberg4> Ola
Nilsson^, Lars-Erik Tisell^, HSkanAhlman^, Deptof ^RadiationPhysics, ^NuclearMedicine, ^Pathology
and ̂ Surgery, University of Goteborg, Sahlgrenska University Hospital, Sweden

With guidance from scintigraphic findings 21 patients with neuroendocrine tumours underwent
curative surgery, or surgical tumour reduction. A scintillation detector was used for intraoperative
localization of tumour sites. Clinically suspect tumour lesions were measured in situ, and ex vivo after
excision. The mean number of counts from the lesion and adjacent normal tissue was expressed as a ratio
(R) and was compared with histopathological findings. After excision, the tissue: blood activity
concentration ratios (TUB) were calculated. The patients investigated received 20 u,g m In-DTPA-D -Phe * -
octreotide iv. (190-350 MBq) 24, 48,72 or 120 hrs before surgery.

Pat No

1
2
3
4
5

6
7
8
9
10
11
12
13
14
15

16
17
18
19
20

21

Disease

MC
MC
MC
MC
MC

MTC
MTC
MTC
MTC
MTC
MTC
MTC
MTC
MTC
MTC

Gastric carcinoid
EPT
EPT(MENI)
EPT (MEN I)
EPT (MEN I)

Neuroendocrine
carcinoma
(cervix)

Time after
inj

24 h
24 h
48 h

120 h
120 h

24 h
24 h
48 h
4 8 h

120 h
120 h
120 h
120 h
120 h
120 h

24 h
48 h
48 h
72h
48 h

48 h

Srintigr31 Probe measurements
preop postop vs. histopathology

Kinsitu

+ - 1 FN(8)
+ + 1 FN*(5)
+ - 1FN+ 1 FP(5)
+ + Correct (3)
+ - Correct (2)

+ + Correct (10)
Neg probe findings
1 FN (2)

+ - Correct (5)
+ - 2 FN(2)

Neg probe findings
+ + 1 FN1 (2)
+ - 1 FN (8)
+ - Correct (1)
+ + Neg probe findings

+ - Correct (2)
Neg probe findings

+ - -
+ - Correct (1)

Neg probe findings

Neg probe findings

Rex vivo

1 FP(8)
Correct (4)
Correct (3)
-
Correct (4)

Correct (5)
(no tumour)
-
Correct (3)
Correct (2)
(no tumour)
1 FN1 (2)
1 FN(1)
Correct (1)
(no tumour)

Correct (2)
(no tumour)
Correct (1)
Correct (1)
(micro-
adenomas)
(no tumour)

Ti/B
(range)

80-170
loi-ioo
51-220
100
46-270

4-39
-

9
31-32
11-24
-
15-18
3

36
-

71-214
-
1500
650-910

-

-

MC=midgut carcinoid
MTC=meduliary thyroid carcinoma
EPT=end ocrine pancreatic tumour
MEN I=multiple endocrine neoplasia type I

1, microscopic tumour growth
* related to the surgically treated region
FN=false negative
FP=false positive

Probe measurements could not detect microscopic growth. In situ measurements of macroscopic
lesions gave erroneous results in 7 out of 56 lesions; ex vivo in 2 out of 37 lesions. In situ measurements
were helpful in the localization of tumour in individual patients, especially in the neck and pelvic region. Ex
vivo measurements served as a rapid complement to frozen tissue biopsy. Very high tissue :blood activity
concentration ratios at all time intervals studied in all patients with carcinoid tumours and in individual
patients with endocrine pancreatic tumours indicate a potential role for radiation therapy with radiolabelled
octreotide in these patients.



Myocardial perfusion measurement using MRI.

H.B.W.Larsson, T.Fritz-Hansen, E.Rostrup, L-Sradergaard, P.Ring, O.Henriksen.
Danish Research Center of Magnetic Resonance, Hvidovre University Hospital, Denmark.

Department of Clinical Physiology and Nuclear Medicine, Glostrup University Hospital, Denmark.

During the last few years the time and spatial
resolution of MRI has increased considerably,
making it possible to acquire physiological
information of dynamic processes. We have
previously presented a simple model and method
for measuring myocardial perfusion using an
inversion recovery turbo-FLASH sequence (IR-
FLASH) and Gd-DTPA (1). Here is presented a
new model of myocardial perfusion enabling us to
calculate myocardial perfusion (K,), the vascular
volume (Vb), the extravascular volume (Ve) and the
time delay (d) through the coronary arteries. The
model was evaluated by computer simulation and
applied in seven healthy volunteers.

Theory
The basic principle is to dynamically monitor the
enhancement of the myocardium after a bolus
injection of Gd-DTPA. The obtained myocardial
MR signel (StM) is then converted to myocardial
concentration of Gd-DTPA (C^) after correction
for the vascular contribution (Sb). The MR signal in
the decending aorta (S^) was also converted to
concentration and represents the input function (CJ.
In the concentration domain the Kety's formalism is
applied. The total myocardial MR signal and the
genuin myocardial signal is related by SM(t)=
Sb(t)+8,^(1), where t is time (sec). We assume
that Sb(t) can be obtained from the descending aorta
after appropriate weighting, i.e. Sb(t)=Vb« SM(t-d).
Therefore we get S^t)=S^Q-V,, • SJt-d). SM and
S,o are measured before and during Gd-DTPA
enhancement in the myocardium. The following
calibration constants are also estimated: MK and
M.o i.e. the maximal obtainable signal
corresponding to fully relaxation of spin in tissue
and aorta Mroyo = Mlo,-Vb

>MM. The signal
expression for S,,,,,, is:

s ^ d ) = slol(t) - v .s j t -d) =
M^O^expC-TKR,""*0 +00^(0)) ) eq.I

TI: inversion time between the initial non-selective
7T pulse and the FLASH sequence proper; R,"*0 is
the myocardial relaxation rate in absence of Gd-
DTPA. R,"5'0 is measured before Gd-DTPA
injection also using the IR-FLASH sequence by
varying TI; /3 is the relaxivity of the myocardium
taken from the literature (4 s'mM"1 at 1.5 T);
C ^ t ) is the convolution of the input function and
the residue impulse response function:

C ^ t ) = K,C,(t-d) * exp(-K,t/Ve) eq.II
K, is the unidirectional influx constant for Gd-
DTPA diffusion over the capillary membrane and is

an expression of the perfusion. The model was
programmed in MATLAB and in TurboPascal and
by the simplex least square method K,,Vb,Ve, and
d were estimated. Using the model simulated
enhancement curves for different set of parameters
(K,,Vb,Vc,d) were generated with Gaussian
distributed noise added. Retrivel of the parameters
was then performed using the fitting procedure.

Method and Results
The healthy volunteers all had one catheter placed
in each brachial vein, one for injection and one for
venous blood sampling. The study was carried out
using a wholebody MR Siemens SP 63/84
Magneton (1.5T). By means of a surface coil an
axial slice through the left ventricle and the
descending aorta was obtained using an ECG-
triggered IR-Flash sequence, TE=3 ms,TR=6.5
ms, <p= 6°, FOV=300 mm, slice thickness =10
mm. Venous blood samples were taken about 15
min. after Gd-DTPA injection for calibration of the
input function. The results of the seven volunteers
for an ROI placed in the anterior wall were
(mean±SD) K,= 63±15 ml/lOOg/min, Ve= 32±6
ml/lOOg, Vb= 9 ± 4 ml/lOOg, d = 2.6±1.9 s. The
computer simulation showed that the coefficient of
variation of the parameters was below 10% for a
relevant noise level.

Discussion
The model presented here takes into account that
slow water exchange probably exist between the
vascular and extravascular space. A fast exchange
is likely for water between the cellular and
extracellular space. The model is therefore more
consistent with known MR theory then the
previously model. Incorporation of a time delay (d)
considerably improved the fit. This entity may be
even more important in patients with coronary
arteria disease. K, is equal to extraction times
perfusion and the extraction for Gd-DTPA is about
50%. Thus the average perfusion was 126
ml/lOOg/min which seems a little higher than data
from PET studies. A vascular volume around 10-
20% is most reasonable for the human myocardium
as is a interstitiel volume of 30%. In conclusion,
MRI can be used to obtaine physiological
information similar to SPECT and PET and has
advantages in temporal and spatial resolution.

References
1 .Larsson HBW et all. JMR1 4.433-440 (1994) .
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Factorial designs with applications in Nuklear Medicine

Mats Stenstrom1, Stefan Ekberg1, G6ran Granerus2, Pia SSfstrem3 and Karin Sparring-
Bjfirksten4

1) Dept of Radiation Physics, 2)Dept of Clinical Physiology, 3 ) Dept of Diagnostic Radiology,
4)Dept of Phychiatry; University Hospital, Linkfiping, Sweden.

Experiments are frequently performed to measure the effect of one or more
variables on a response. Factorial designs are extremely useful for this
purpose. Valuable information on active variables and interactions are easy
obtained. We have implemented factorial designs in a rCBF study with 99nrrc.
HMPAO. The variance in between a block and between different blocks are
investigated.

Method: The factors selected for study were reconstruction algorithm
(Filtered back projection, Nowak), filter (Hanning filter, Butterworth), with or
without attenuation correction, with or without scatter correction and manual
or automatic region of interest draw. A two-level fractional factorial designs
(25-2) w e r e performed. Totally eight experiments per patient. Five patients with
cerebral stroke and teen from a normal material were involved in the study.
The image projections and reconstruction's were made on a Starcam
3000XR/T gamma camera (General Electric). The variance in the normal
material and the difference between patient and normal material were
calculated for the different experiments.

Result: The variance dependent variables were identified. Using factorial
designs compared to one-at-the-time factor experiment, 8 experiment per
patient instead of 32 were performed.
Conclusion: With more than one variable affecting the result, factorial
designs is an effective analyse method. Active variables and interactions can
be separated in a minimum of experiments. The ineffective and time-
consuming one-at-the-time factor experiment can be reduced by a systematic
method.



EFFECTS OF ATTENUATION IN SPECT OF THE LUNGS """ fJogeOOOtO

Agnetha Karlsson**, Åke Johansson*, Michael Ljungberg#, Michaela
Moonen*, Eva Forsell-Aronsson**, Lars Jacobsson**, Björn Bake* Klinisk
Fysiologi* och Inst, for Radiofysik**, Sahlgrenska Sjukhuset, Göteborg,
respektive Inst, för Radiofysik#, Lund.

Quantification of ventilation and perfusion in small volumes of
lungtissue with SPECT requires knowledge of uniformity and spatial
resolution in reconstructed tomographic slices. In previous studies
we found nonuniformity in SPECT-images of normal lungs and of a
thorax/lungphantom with uniform distribution of activity. One
probable explanation is inadequate correction for attenuation in the
lungs and chest wall. The purpose of the present study has
therefore been to develop a method for correction of attenuation in
SPECT studies of the lungs.
M e t h o d s MonteCarlo calculated projections have been obtained
from simulated homogenous distribution of Tc9 9 m in the lungs with
and without effects of attenuation. Tomographic slices have been
reconstructed by backprojection with and without first order
correction for attenuation according to Chang. The coefficient of
variation has been calculated within reconstructed slices. A
gradually more complex correction of attenuation shall be
implemented.
R e s u l t s The coefficient of variation within slices without
attenuation and in attenuated slices without and with first order
correction of attenuation were 2,o%, 5,5% and 7,o% respectively.
Effects of attenuation were obvious particularly in the apical parts
of the lungs. Results of more complex correction methods are being
analyzed.
Discuss ion The present results confirm that effects of attenuation
substantially deteriorate uniformity in reconstructed SPECT slices of
the lungs. First order correction results in further deterioration of
uniformity.
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Regional pulmonary perfusion and density in healthy man; studied
using single photon emission and transmission tomography and

attenuation correction

H Almquist, J Palmer, B Jonson, P Wollmer*
Department of Clinical Physiology, University Hospital, Lund

•Department of Clinical Physiology, University Hospital MAS, Malmo

Introduction Perfusion and density in the normal human lung are
inhomogeneus. It is generally accepted that perfusion increases in the
direction of gravity. Gravity independent perfusion gradients have been
reported in studies using single photon emission computed tomography
(SPET). SPET-studies are affected by attenuation and by the limited
resolution of the scintillation camera, resulting in false regional distribution
and undistinct organic borders. Regional and mean lung density are of
interest in a wide range of lung diseases. Lung density has previously been
measured using X-ray computed tomography and positron emission
tomography.

Method Regional pulmonary perfusion and density was studied in 10
supine healthy volunteers. Single photon transmission tomography (SPTT)
was used for determination of density and for attenuation correction of the
SPET-studies. The effect of this correction was investigated. To avoid edge
effects, the lungs were carefully delineated, using density data. Perfusion
and density gradients were calculated for the right lung using both an
operator dependent 2-D-analysis of selected data and an automatic,
operator-independent 3-D-analysis over the whole lung.

Results In data uncorrected for attenuation, artefactal perfusion gradients
appeared in the horisontal direction and the ventrodorsal gravity dependent
gradient was underestimated. Corrected data showed a gradient only in the
gravitational direction. Perfusion in the ventral lung zone was half of that in
the dorsal lung zone. Mean lung density was 0.28 ±0.03 gx rnl-1 with 2-D-
analysis. In 3-D-analysis density was shown to vary with lung size. Density
increased in the gravitational direction with 0.007 g x ml~l x cm"*.

Conclusion Attenuation correction and 3-D-analysis are needed for
quantitative analysis of regional lung function using SPET.



AN EXTERNAL MARKER SYSTEM FOR THE LOCALIZATION OF MR,CT
AND SPECT CROSS SECTIONS

NO9600012
Rune Sylvarnes, Arne Skretting and Karsten Eilertsen
Department of Medical Physics and Technology and Department of Nuclear Medicine,
The Norwegian Radium Hospital, Oslo

An external marker system, rigidly fixed to a vacuum matress that immobilizes the patient, has been developed.
The markes are five exchangable tubes filled with material that makes them visible in images obtained by
means of MRI, CT and SPECT. Simulations and experiments indicate that if the image coordinate of the
markers can be determined with an accuracy of 0.5 mm, the postion and orientation of a cross section may
be determined with a standard deviation of 0.9 mm and less than 0.7 degree, respectively. With the actual
immobilization system, the patient position relative to the reference frame constituted by the markers could
be reproduced to within 3.0 mm. The system is intended as an aid to merge images from different imaging
modalities. It is thought to be important in the abdominal region where the use of anatomical landmarks
is difficult, especially in some applications of SPECT, for example in immunoscintigraphy.
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DYNAMIC HEPATO-BILIARY SCINTIGRAPHY WITH "-Tc-
MEBROFENEV IN PATIENTS AND ANIMALS.
Jesper Mortensen and Niels Olsen, Department of Clinical Physiology and
Nuclear medicine, Aahus University Hospital, Denmark.

The high liver extraction together with the fast excretion into the bile and
the minimal excretion through the kidneys makes Technet ium labeled
trimethyl-bromo-iminodiacetate ("""Tc-mebrofenin) to one of the preferred
T c - I D A agents for hepatobiliary scintigraphy. The short transit time
through the liver parenchyma and the high specific activity of hepatic bile
results in excellent delineation of even the smaller "intrahepatic" bileducts.
With dynamic hepato-biliary scintigraphy and computer acquisition of the
data it is also possible to make quantitative functional analysis of both the
liver parenchyma and the gallbladder. In evaluating the liver parenchyma
most interest had focused on parameters like T^u, Tm, HEF and MTT,
estimated from time-activity curves and deconvolution analysis. Since the
introduction of Tc-mebrofenin in 1993 in Denmark, we had tried to
implement these parameters in the routine assessment of some patients
with hepatobiliary diseases (14 patients after liver transplantation, 15
patients with cholestasis of different origin and 3 children suspected of
having biliary atresia). In several cases the quantitative methods provided
us with additional global and regional "functional" information and
sometimes before any abnormality had appeared in liver blood tests, or had
been shown by ultrasonography or by computer tomography. As a result of
these initial experiences we have started a series of animal studies, with the
purpose of examining the farmacokinetic characteristics of 99mTc-
mebrofenin and to evaluate its usefulness as an indicator for the function of
the hepatocyte.
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Precision in split renal function assessment from

99mTc-DTPA renography

Michaela Moonen1 , Lars Jacobsson2

Dept of Clinical Physiology1 , Dept of Radiation Physics2 ,
University of Gb'teborg , Sahlgrenska Hospital, Goteborg

Split kidney function from gamma camera renography with 99m'pc_
DTPA is often assessed by the integral-, slope- or uptake-index-methods.
The precision of each method was calculated in this study by evaluating
the dependence of each method on the regions of interest (ROI's), the
chosen time interval for calculations and the statistical noise.

Methods: Three patients, two with unilateral parenchymal disease
and one with normal function were studied with gamma camera
renography using 100 MBq 99mTc-DTPA. The effect of variations induced
by operator-interactions and the statistical noise on the calculated split
kidney function from each renographic study was evaluated for each of
the three methods. Renal ROI's were created on six different occasions
for each patient (exp. 1). Start and duration of the uptake interval were
altered to get six different uptake intervals for each patient (exp. 2). The
impact of the statistical noise on the calculation of each method was
evaluated from 30 simulated studies with randomised noise (exp. 3).
Precision is given in terms of standard deviation of each calculation set.

Results: The precision of each method regarding the ROI drawing
(exp. 1) was 0.8%, 1.5% and 0.7% for the integral, slope and uptake index
methods, respectively. The precision regarding interval length (exp. 2)
was 0.4%, 1.2% and 0.7% for the integral, slope and uptake-index
methods, respectively. The precision regarding the statistical noise (for
these patients and 100 MBq) was 1.2%, 5.6% and 2.8% for the integral,
slope and uptake-index methods respectively (exp. 3).
Total precision was calculated to 1.5%, 5.9% and 3.0% respectively.

Conclusion: The present study shows that the precision of each of the
three commonly used methods for split kidney function assessment is
slightly affected by the operator-interactions. The statistical noise is the
major error source in all three methods and severely affects the slope
method.



Parathyroid scintigraphy with "Tc-sestamibi

Jan Fjeld1, Christian Fossum2, Jens Bollerslev2

and Kjell Rootwelt1

'Section for Nuclear Medicine, Dept. of Clinical Chemistry
and 2Section for Endocrinology, Dept. of Medicine,
Rikshospitalet, N-0027 Oslo, Norway

99mTc-sestamibi (MIBI) was developed to obtain a technetium-labelled
radiopharmaceutical for myocardial studies, and is today established
as an alternative to 2O1T1 for myocardial perfusion imaging.

Taillefer et al. (JNM, 33,1801-07,1992) presented results with 99mTc-
MIBI in parathyroid scintigraphy, as an alternative to the commonly
used dual radioisotope procedure with 201Tl and 99mTcO4.
99mTc-MIBI gave excellent uptake in both the normal thyroid gland
and the parathyroid adenomas few minutes after the injection. The
basis for detection of the parathyroid adenomas was a difference in
the washout time for the two tissues: The focal uptake in the
parathyroid adenomas persisted on late images 3 hours after the
injection, when the normal thyroid gland was not visualized.

We have evaluated this method with an i.v. dose of 900 MBq "" re -
labelled MIBI, taking anterior planar scintigrams of the neck and
upper thorax after 2 minutes, 15 minutes, and 3 hours after the
injection. If ectopic adenoma was suspected after inspection of the
early scintigrams, tomography was performed. Our study includes 21
patients with hyperparathyroidism, 15 women and 6 men, age 22 to
79 years. In addition to parathyroid scintigraphy, all patients were
examined with ultrasonography, whereas x-ray computerized
tomography were performed on 14 of the patients.

Eleven of the patients were scheduled to undergo surgery; 9 of these
have been operated, and 2 are still waiting. In the group of 9
operated patients, 7 had histologically verified parathyroid adenomas,
3 of which were ectopic in the mediastinum. The last 2 patients had
parathyroid hyperplasia. Both patients with hyperplasia had negative
scintigraphy, while all 7 adenomas were correctly localized. There
were no false positives.



A METHOD FOR AUTOMATIC DETECTION OF PERISTALTIC WAVES
IN THE SMALL INTESTINE.

Tove L Tennvassas1 and Arne Skretting2

'institute of Mathematical and Physical Sciences, University of Troms0
department of Medical Physics and Technology, The Norwegian Radium Hospital, Oslo

A method has been developed for automatic detection of peristaltic waves propulsing radioactivity
through the upper intestinal tract. The method has been successfully tested on a dynamic dataset obtained
during a hepatobiliar study with """Tc- Mebrofenin in a patient who, due to servere lack of nutritional
uptake, had been submitted to the department of nuclear medicine, Regional Hospital in Troms0.
The patient had been fasting overnight. Images were stored in a 64 x 64 pixels image format every 10 s
during one hour after injection of 200 MBq "mTc -Mebrofenin. The camera (Sophycamera) was positioned
over the abdomen so that its field of view covered the liver, the stomack and the upper part of the intestines.

The dataset was written on floppies and transferred to a Unix environment (DEC) were the program
language IDL (interactive data language) was extensively used to process the data. The automatic
procedure was based on detection of the appearance of radioactive bile in the intestines. By subtracting
the image acquired in the preceding time interval from the actual image, regions with significant increase
in counts were detected. This procedure was repeated for all images, starting with image 2. The regions
were processed to remove single pixels or subregions less than a specified size. The remaining pixels
formed a region of interest that was kept in memory. If, during this prosessing, an overlap occurred between the
actual region of interest and any of the previously detected regions, the overlapping pixels were excluded
from the actual region. In a further processing step, the sequence of the regions were, if indicated, reordered to
reflect the order of appearance of the radioactivity in new image regions.

The results were presented as a region activity versus time matrix (peristaltogram). Each horisontal line
of the peristaltogram represents the variation of activity with time for one of the automatically detected
regions. The following lines represent the corresponding variations in regions where the activity appears
later in the study. If the regions are ordered correctly, a bolus of activity travelling through the intestine,

will be seen as a line that has a negative slope with respect to the time axis. As successive boluses contain
higher activity than the previous (the excretion from the liver take some time to reach a maximum), a
histogram equalisation procedure was used to improve simultaneous visualization of successive waves.
In the resulting peristaltogram it is easy to perceive the waves. The mean time interval between the
waves were detected by the use of an autocorrelation along the time axis. The interval between waves
in the actual patient ranged from 180 to 280 s.
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DIAGNOSTIC USE OF BONE SCINTIGRAPHY IN SPORTS MEDICINE

Hans J Nerdrum, Department for Clinical Chemistry and Nuclear Medicine,
Central Hospital of Akershus

Bone scintigraphy is a sensitive method for the demonstration of bone injury as the cause of
painful conditions in man. Applied to sports medicine scintigraphy has proven to be a very
valuable aid with its ability to demonstrate injury when traditional modalities - X-ray - is
negative due to its lack of sensitivity.
The number of patients having bone scintigraphy to evaluate painful conditions thought to be
related to physical activity, has increased rapidly in our department. During the first 6 months
of 1994 a total of 170 patients were received from on center alone, constituting about 40% of
the total number of bone scintigraphies done on outpatients during this period. This is
significantly up from approximately 24% in 1993. Planar scintigraphy dominates but was
supplemented by perfusion imaging in 20% of the patients in 1994. Tomography is done more
rarely but has proven very valuable in selected patients with lower back pain and injuries to the
vertebrae arc.
Recent demonstration of the extremely beneficient effect of physical activity on morbidity and
mortality, will hopfully bring new groups into an anctive lifestyle. The other side of the coin is
that this in all probability will increase even further the number of patients needing bone
scintigraphy to evaluate stressrelated injuries.

Skjelettscintigrafi er en sensitiv metode for pavisning av skjelettskade som arsak til smertefulle
tilstander. Brukt i sportsmedisin har skjelettscintigrafi vist seg a vaere av betydelig verdi ved sin
evne til a pavise skade ogsa i de tilfeller hvor rentgenundersekelser er negative.
Antallet pasienter hvor det gjeres skjelettscintigrafi for a vurdere smertetilstander med
sannsynlig relasjon til fysisk aktivitet, har 0kt raskt i var avdeling. I de fferrste 6 manedene av
1994 mottok vi 170 pasienter bare fra ett senter; dette utgjorde 40% av det totale antall
pasienter til poliklinisk skjelettscintigrafi i denne perioden. Dette er kraftig opp fra de ca. 24%
vi hadde i 1993. Planare scintigrafier dominerer, men ble supplert med perfusjonsregistrering i
20% av pasientene i 1994. Tomografi gjeres mer sjelden, men har vist seg av betydelig verdi
hos utvalgte pasienter med lumbale ryggsmerter og skade av arcus vertebrae.
Den seneste tids demonstrasjon av den store betydning fysisk aktivitet har for sykelighet og
dodelighet, vil forhapentligvis bringe nye grupper over i en mer aktiv livsstil. Baksiden av
medaljen er at dette med all sannsynlighet vil gi en ytterligere akning av det antall pasienter
som vil trenge skjelettscintigrafi for vurdering av belastningskader.



Sports injuries in standardised horses identified by scintigraphy

Per Eksell, Carin Strand, Peter Lord. Mieth Berger
Department of Clinical Radiology, Box 7029
Swedish University of Agricultural Sciences "" NO9600018
S-750 07 Uppsala, Sweden

A gamma camera was installed at the department in 1992. The
prevailing examinations are of the horse skeleton for injuries related to
competition. We reviewed the examinations of 91 standardbred horses
to determine the frequency, location, type of injury and the
relationship to any radiological findings in association with the
scintigraphic lesion. Horses were examined with a Picker 300 SX
camera mounted on a hydraulic lifting table moveable by air casters.
The extremities were examined with the horse standing on a platform.
A dose of 80 mB of Tc 99m-HDP was injected i.v. 2-3 hours before the
examination. All horses were sedated. The examination was limited to
the clinically indicated region because of the time involved for a more
complete examination. Some examinations were more encompassing
than others because the clinical localisation was less specific. We
related the frequency of positive scans to the specificity of the
localization.The abnormal uptake was graded as mild, moderate or
severe and as focal, diffuse or generalised.
Results. The average age was 4.1 years, and more than half the horses
were 3 or 4 years old, the peak period of competitive activity. 90% of
the examined horses had an abnormal scan. Of the total examined
horses, 54% had a positive finding in the phalanges, 26% in the carpus,
3% in the proximal front legs, 19% in the proximal hind legs, 23% in
the tarsus, and 10% in the axial skeleton. 85 regions were also examined
by radiography because the scintigraphic or clinical evidence was
strong enough to suggest that radiographic lesions may be found. In
only 36% of these, a lesion was found. The more severe the
scintigraphic lesion, the higher were the percent of radiological
positive examinations. Conversely, of 63 areas radiographed that were
sdntigraphically normal, only 5 were positive. The frequency of
positive scans was directly related to the degree of clinical localisation
of the injury. The linear anterior cortical activity in the metatarsus
described in humans and horses was not seen. The uptake was mostly
focal and adjacent to a joint.
Conclusions. Scintigraphy is an excellent guide to localising lesions
that may be characterised further by radiography, and for excluding
areas to be radiographed. The scintigraphically positive but
radiographically negative lesions are probably regions of
pathologically stressed bone brought on by overtraining and stress.
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ANTIMYOSIN SCINTIGRAPHY IN PATIENTS WITH ACQUIRED AND CONGENITAL SKE-
LETAL MUSCLE DISEASE

K. Liewendahl, M. Lofberg, S. Savolainen, P. Nikkinen, A. Lamminen, E. Tiula, H. Somer
Division of Nuclear Medicine, Laboratory Department, and Departments of Neurology, Medi-
cine I and Radiology, Helsinki University Central Hospital, 00290 Helsinki, Finland

Radioimmunoscintigraphy (RIS) using ln-111 -labelled antimyosin monoclonal antibody is an
established procedure for detection of cardiac muscle damage in myocardial infarction, my-
ocarditis and heart transplant rejection. This antibody is also known to crossreact with ske-
letal muscle myosin, but there are only a few earlier studies on the diagnostic performance
of RIS in skeletal muscle diseases such as rhabdomyolysis, including traumatic muscule in-
jury, and polymyositis-dermatomyositis. In order to achieve more information on this met-
hod it was applied by us to the study of patients with rhabdomyolysis, polymyositis and
congenital muscular dystrophies.

Nine rhabdomyolysis patients were studied 4 -15 days after muscle injury. By the time of
imaging the creatine kinase <CK) levels in serum had dropped to about 10 % or less of the
initial peak activities. All had focal antibody uptakes of varying intensity, the target-to-non-
target uptake ratios varying from 1.3 - 7.6. Of a total of 24 RIS lesions considered clinically
significant 18 could be suspected already on clinical examination 6 lesions being localized
only by RIS. Information on lesion location, extent and severity provided by RIS shows that
this imaging modality has clinical utility in rhabdomyolysis. Further studies are required for
definition of optimal timing of imaging in order to achieve maximal clinical benefit particular-
ly in severely injured patients.

Six polymyositis patients with biopsy proven disease and raised serum CK levels were
studied prior to steroid therapy. The intensity of antibody accumulation correlated reasona-
bly well with the magnitude of edema detected by MRI. Uptake of antibody was found to be
stronger in patients with active inflammation than in cases with evidence of muscular atrop-
hy. RIS findings were mainly located in the lower extremities.

The diagnosis of Becker type muscular dystrophy in 7 patients was confirmed with DNA
analysis and/or dystrophin staining. Six patients with non-X-chromosomal dystrophy had
myopathy in muscle biopsy and normal dystrophin staining as a basis for the diagnosis. All
patients in both groups of patients had raised serum CK levels at the time of RIS. Patients
with both Becker and non-Becker dystrophy had more uptake of antibody in the calf than
the thigh muscles. MRI showed replacement of muscle tissue by fat and connective tissue
in the thighs and pseudohypertrophy rather than atrophy in the calves thereby explaning the
relatively smaller uptake of antibody in the thighs. These results provide direct evidence for
a sarcolemmal defect known to exist in Becker disease and previously suspected but not
proven in non-X-chromosomal dystrophy.

It is concluded that antimyosin RIS can be used for 1) detection of muscle damage in
both acquired and congenital muscle diseases, 2) localization of both clinically suspected
and silent lesions in rhabdomyolysis, 3) confirmation of the diagnosis in patients with clinical
and laboratory evidence of polymyositis, and 4) collection of information on disease activity
in congenital muscular dystrophies not attainable with MRI.
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A comparison between Tc-99m Technegas and Tc-99m

aerosol at ventilationscintigraphy.

Helene Brundin1, Mahlin Holmstrom1, Mats Stenstrom2 och Pia Safstrom3

1) Dept of Clinical Physiology , section for Nuclear medicine, 2) Dept of Radiation Physics, 3)
Dept of Diagnostic Radiology; University Hospital, Linkoping, Sweden.

A new nebulosator with Tc-99m DTPA areosol have been compared with a
well known Technegas equipment at our department. The question was if time
and costs could be reduced.

Method: Eight patients perticipated in the study. Day 1 started with a
ventilationscintigraphy using Tc-99m-DTPA aerosol followed by a
perfusionsscintigraphy (Tc-99m-MAA). The next day, a new
ventilationscintigraphy where taken, this time with the Technegas equipment.
Each study includes six static images obtained with a one-headed gamma-
camera (Rota-camera, Siemens Elema or Starcam 3000XR/T, General
Electric). The projections were "Posterior" (POST), "Left Posterior Oblique"
(LPO), "Left" (LFT), "Anterior "(ANT), "Right" (RGT) and "Right Posterior
Oblique" (RPO). The activity were administrated with the patient in supie
position. The total number of counts in each projection varied between 400-
800 kcounts. (To reach acceptable collection time per image, the countrate
has to be around 2 kcounts/s.) Interpretation were made from monitor and
paper-copies (Laser Master Unity 1200 XL).

Result: The preloading time for the equipment was about 60 minutes for the
Technegas unit and 15 minutes for the areosol unit. The time for
administration to the patient was the same for the two equipments, about five
minutes. For comparable results (image quality, same number of total counts
in the image) the image collection time varied between the two equipments,
even if we used the double amount of activity in the aerosol unit. With the
Technegas, the time used per image was about 3 minutes, compared to 15
minutes for the aerosol unit.
The patient were asked if it was more simple to breathe in any of the two
equipments. The answers were divided equally.
Looking at the pictures, you can se a small difference in how the activity are
distributed in the lungs (ant-post). With the aerosol unit, the activity are
smeared out over the lung, like perfusions pictures. For the Technegas unit,
more activity are seen basalt and dorsal. None of the two method showed
central deposition.

Conclusion: The time we save in preloading the aerosol equipment is lost
due to the long collection time per image. With the imaging system used today
we find the aerosol equipment to time-consuming. The aerosol equipment is
as well the expensive alternative.
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COMPARISON OF THE ABSORBED DOSE TO THE PATIENT AND
PERSONNEL FOR TWO DIFFERENT LUNG AEROSOL SYSTEMS

R Jonson
Dept. of Clinical Physiology, N:a Alvsborgs Lanssjukhus, Trollhattan, Sweden

Abstract

The absorbed dose to the patient and personnel handling the system was
compared for Tc-99m labelled DTPA aerosol (Cadema) and Tc-99m labelled
carbon aerosol (Technegas).
The Tc-99m DTPA aerosol system used about 1 GBq Tc-99m in a nebulizer and
the Technegas system about 500 MBq in a graphite crucible. The absorbed dose
to the patients were determined for 80 patients with normal or varying degree of
pulmonary function test abnormalities for both systems. The absorbed dose to
the technologists were estimated from worst case measurements of Tc-99m
aerosol in free air.
The absorbed dose to the lungs of the patients were 1.20+ 0.68 mGy for the
Cadema system and 7.16 ± 3.06 mGy for the Technegas system, depending of
the degree of lung obstruction. The absorbed dose to the personnel, when the
patient accidentally missed a breath, became for the Tc-99m DTPA system about
20 {iSv and for the Technegas system about 5 uSv. The risk for accidents are
significantly lower for the Technegas system and it delivers less absorbed dose
to the personnel.
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Pharmacokinetics and dosimetry of HUn-DTPA-Phel-
octreotide in patients with neuroendocrine tumours

Eva Forssell Aronsson*, Birgitta Lanhede^, Martha Fjälling^, Bo Wängberg^, Lars-Erik
Tisell^, Håkan Ahlman^ and Sören Mattsson4. Departments of Radiation Physics,
^Nuclear Medicine and ^Surgery, University of Göteborg, Sahlgrenska Hospital, S-413 45
Göteborg, Sweden and ^Department of Radiation Physics, Lund University, Malmö
General Hospital, S-214 01 Malmö, Sweden

The aim of this study was to investigate the uptake, retention and dosimetry of n i In -
DTPA-Phel-octreotide in humans.

DTPA-D-Phe^-octreotide and * ^ In-chloride were obtained from Mallinckrodt Medical
B.V.(Petten, Netherlands). The radiolabelling of the DTPA-D-Phe^octreotide with l u I n
was performed according to the instructions of the manufacturer. Chromatography of the
radiopharmaceutical was performed using instant thin layer chromatography (ITLC-SG,
Gelman Instrument Company, Michigan, U.S.A.) with Na-citrate (0.1 M, pH 5) as the
mobile phase. The fraction of peptide-bound ^ I n was more than 98 %.

Thirteen patients with previously verified neuroendocrine tumours were included in the
study. The patients received 200-240 MBq (20 microgram) 1HIn-DTPA-Phe-l-octreotide
by i.v. injection.

The biodistribution was followed with a gamma-camera (General Electric 400 ACT, USA)
equipped with a medium energy parallel hole collimator. Anterior and posterior whole-body
scanning (256x1024 matrix, 10-20 min/image) was performed 0.5 h, 4 h, 24 h, 48 h and
72 h after injection. Before each registration, except at 0.5 h, the urinary bladder was
emptied. Static images (128x128 matrix, 5-10 min or 500 kcounts per image) were
additionally recorded at 4 h, 24 h and 48 h after injection.

The activity in whole body and visible organs was estimated using the geometric means of
the number of anterior and posterior counts. The time-activity curve for an open one- or
two-compartment model was fitted to the measured time-activity curve for each source
organ, giving the effective half-times. Cumulated activity (MBq*d) was obtained by
integrating the resultant equation over time until infinity. The mean absorbed dose per MBq
of injected m In in whole body and various organs were estimated following the Medical
Internal Radiation Dose Committee (MIRD) formalism. The absorbed dose from each
source organ was obntained by multiplication of the cumulated activity by corresponding S
value (absorbed dose per unit cumulated activity, mGy/MBq*d).
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Renal scintigraphy with 99 Tc m-MAG3 in children with a first upper urinary tract
infection.
Hulten, B-M, Ahlberg, 6., Arvidsson-Karlsson, M, Brunkhorst, K, Carlsson, S.
Ersgard, D. Palm G, Olsson, E. och Svensson, S-E.
Departments of Clinical Physiology, Pediatrics and Radiology, Central Hospital,
Karlskrona and Dep of Radiophysics, Central Hospital, Uddevalla.
Children with a first upper urinary tract infection should be investigated to establish
the extent of renal damage and the possible cause of the infection. Obstructive
nephropathy, hydronephrosis and vesicoureteral reflux are important to detect as they
imply different handling of the patient. Renal scintigraphy with 99Tc m-DMSA is
regarded as the golden standard to detect renal scars, but gives, however, less
information on renal function and obstructive nephropathy. We here present
information on renal 99Tcm- MAG3 scintigraphy in 73 children with a first upper
urinary tract infection in comparison with results obtained with ultrasonography and
voiding cystourethrography.

Patients and methods : Seventythree children, 50 girls (mean age 22,5 months, range
1 month -175 months) and 23 boys (mean age 11.2 months, range 1 week - 53
months) were referred 3 -28 weeks (mean 22 weeks) after an upper urinary tract
infection for a gammacamera renography with 99Tcm-MAG3. The study was
performed in a way suitable for analysis with a computer program developed by
one of us (Carlsson, 1990). The child was also referred for an ultrasound
investigation of the kidneys and a radiographic voiding cystourethrography. When
possible, depending on the age of the child an indirect radionuclide cystography was
performed.

Results: In 24 kidneys of 146 evaluated there was a difference in size of the pelvis
indicated by renal scintigrapiiy. Ultrasonography detected six enlarged pelves, all
identified by renography. In 46 kidneys total or regional reduction of kidney function
was diagnosed as a reduced uptake rate. In almost half of these it resulted in a
reduction of a split function lower than 48 % on the affected side. In 20 patients with
reflux to 29 ureters or pelves renography detected diminished regional or total
function in 13 kidneys and enlarged pelves in 11 kidneys. In 20 patients with reflux
six renographies were normal. In 15 patients with normal renographic findings three
refluxes were detected. In 12 patients with enlarged pelvis without reflux renography
indicated obstruction or not. Indirect radionuclide cystography sometimes gave
valuable information on the presence of reflux.

Summary: Gammacamera renography with 99Tcm- MAG 3 seems to be a valuable
diagnostic tool in the evaluation of patients with upper urinary tract infection.. It
probably detects important renal dysfunction totally and regionally and gives
valuable information in patients with hydronephrosis with and without obstruction. It
cannot, however, detect refluxes but essential reflux nephropathy.
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REGION-OF-INTEREST DETECTION METHODS FOR VOLUME
DETERMINATION IN In-lU/Tc-99m SPET

Quantification of radionuclide volume distribution in SPET images requires an objective

and accurate ROI definition. Quantification is an important issue not least because

radioimmunotherapy and other new forms of radionuclide therapy require accurate

measurements of the activity distribution in the target and other critical regions. We

compared the fixed thresholding method (FT) with three other ROI methods: gray level

histogram method (GL), region growing (RG), and combined region growing and edge

detection (RGE). Phantom studies were performed and spleen volume was determined

from SPET images in 23 patients administered l ̂ In-labelled platelets (<37 MBq) and/or
99mTc-labelled colloids (^74 MBq).

Inside an elliptical phantom two cylinders with volumes from 8 to 360 ml were

inserted. m I n and 99mjc activity in the cylinders varied from 2.9 to 62.9 kBq/ml. Imag-

ing protocol for phantom and patient studies: 64x64 matrix, 360°, 64 views, 20 sec/view,

windows 140 keV±5% (99mTc), 171 keV±5 % and 245 keV±10 % ( m I n ) .

With these algorithms a good correlation was observed between true and

measured phantom volumes, expect for GL: l u I n : r=0.95(FT), 0.73(GL), 0.93(RG),

0.92(RGE); 99mTc: r=0.85(FT), 0.72(GL), 0.85(RG), 0.89(RGE). Volume

determination with FT and RG was not sensitive to the cutoff frequency used in image

filtering. Significant correlations were observed between spleen volumes measured with

the different segmentation methods, except for GL, when applied to SPET images from

25 patients administered ^^n-labelled platelets and 99mTc-labelled colloids.

Although the FT and RG methods can be difficult to apply clinically when the

signal to noise ratio is very low, or highly variable, according to our results they were the

most appropriate ones for ROI determination. For clinical purposes all segmentation

methods tested require phantom measurements for the determination of optimal

parameters. The volume determination with FT was not sensitive to cut-off frequency in

image filtering.


