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USE OF SHORT-LIVED POSITRON EMITTING RADIOPHARMA-
CEUTICALS FOR THE DISTRIBUTION STUDY OF EXTRAVAS-
CULAR LUNG WATER IN THE DOG. B. Ahluwalia,

D. Kanarek, T. Jones, B. Hoop Jr., G.L. Brownell,
and H. Kazemi. Physics Research Laboratory and
Pulmonary Unit, Massachusetts General Hospital,
Boston, MA 02114

Cyclotron produced short-lived radiopharmaceu-
ticals labeled with oxygen-15 and nitrogen-13 are
used to obtain distributions of blood volume, to-
tal lung water, extravascular lung water (EVLW),
perfusion and ventilation. Measurements are
carried out in anesthetized dogs and isolated
lurg preparations before and after the induction
cf pulmonary edema. Positron scintigrams are
obtained with a multicrystal positron camera and
are processed using a multiprogrammable interac-
tive computer system. Intravascular blood volume,
and total lung volume distributions are obtained
with C150 labeled hemoglobin and H3150 respec-
tively. Scintigraphic data are taken at a steady
state, which is achieved by continuous infusion
of radioactive labeled blood for a predetermined
time. The scintigram is normalized to the speci-
fic activity in an arterial sample which is with-
drawn duringthe time the scintigram is taken.

The EVLW distribution is obtained by the subtrac-
tion of €150 distribution from the H150 distri-
bution. Also, the regional distribution of per-
fusion and ventilation are obtained with nitrogen-
13 molecular N; dissolved in saline and with
gaseous Np respectively. This method provides
comparative information on the distribution of
EVLW and other physiological parameters at vari-
ous stages of edema.

COMPARISON OF CARDIAC OUTPUT DETERMINATIONS BASED ON RADIO-
NUCLIDE ANGIOGRAPHY AND INDICATOR DYE DILUTION. Naomi P.

Alazraki, Heinrich R. Schelbert, John W. Verba, Gary W.
_grocli H1|Ham L. Ashburn. VA Hospital, San ﬁiego and

niversity o ornia, San Diego.

The purpose of this study was to compare cardiac outputs
derived from radionuclide cardiac angiography and computer
data processing to those obtained by dye dilution techniques
in the cardiac catheterization laboratory.

20 patients were injected intravenously with 8 mCi 99mTc
albumin immediately following the green dye study and imaged
in the RAO view with a scintillation camera while still in
the cardiac catheterization laboratory. The data was re-
corded on video tape and later transferred to digital mag-
netic tape for processing by a mini-computer. An area-of-
interest was placed over the left ventricle (LV) and a per-
imeter ring area was placed around the ventricle for back-
ground determination. Curves of time vs. counts were gener-
ated and cardiac output was derived by the computer based
on E x BV/A, where E was the equilibrium counts/second in
the LV area-of-interest 10 minutes after injection, BV the
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patient's blood volume, and A, the integration of counts
under the LV curve.

Blood volume was determined using 99mTc-albumin. 1251
albumin gas also used in 6 patients to check the reliability
of the 9 Mc-albumin determinations.

The results of this study showed a high degree of corre-
lation between' radionuclide cardiac output determinations
and the green dye results (r = 0.95; p < .001). One impor-
tant application of cardiac output may be in calculating
the stroke volume: stroke volume = cardiac output/heart
rate. The end diastolic volume can then be derived if the
ejection fragtion is known, according to the formula: end
diastolic volume = stroke volume/ejection fraction.
riont Lin BRELAENS, REICET RIS, CREAee CUIRYE o8

Smina-
nuclide cardiac angiography.

QUANTTTATIVE ASSESSMENT OF RBEGIONAL VENTILATION AND PERFU-
SION IN HOMOZYGOUS ALPHA-1 ANTTTRYPSIN DEFICIENCY. Philip
0. Alderson, Thomas Dew, and R.H. Secker-Walker, Washington
University School of Medicine, St. Louils, Mo.

133%e ventilation studies have been reported in patients
with alpha -1 antitrypsin deficiency, but the regional
lung function of these patients has not been quantitatively
analyzed. A digital computer interfaced to a gamma camera
has been used to assess the regional fractional exchange
of air and relative regional ventilation-perfusion ratios
in 8 patients with homozygous alpha -1 antitrypsin
deficiency. The bases of the lung demonstrated the lowest
fractional exchange of air, with a mean of 0.82% per sec.
The exchange in the mid zones was well below normal at
1.36% per sec, but the upper zones had a normal mean frac-
tional exchange of 2.46% The whoie lung mean fractional
exchange of the 8 patients was 1.54% per second. The
relative distribution of lung volume was not significantly
different from normal, but there was a redistribution of
perfusion away from the lower zones. This resulted in an
abnormal lower to upper zone perfusion ratio of 1:1. The
mean relative ventilation-perfusion ratio in upper zones
was 1.34, while in middle zones it was 0.97. The lower
zone ratio was 0.73. These values are not significantly
different from normal. In addition, analog images of the
relative ventilation-perfusion ratios demonstrated a
fairly uniform regional distribution. Although the overall
air exchange of patients with homozygous alpha -1 anti-
trypsin deficiency is reduced, the fractional exchange of
the upper zones of the lung may remain normal. The re-
distribution of perfusion increases the blood supply to
normally exchanging regions and results in the maintenance
of nearly normal regional ventilation-perfusion ratios.

A NEW °9pc (Sn) TRACER FOR RENAL SCANNING.
Jorge Alvarez, Roberto Maass, and Catalina Arria-
ga. Instituto Nacional de Energia Nuclear and Hos
pital "20 de Noviembre", Mexico City, Mexico.
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Among the many radiopharmaceuticals proposed
for kidney imaging, various technetium-99m cam-
pounds offer several advantages on account of its
decay characteristics. Although most of these cam
pounds have proved to be useful for kidney func-
tion studies, not all of them have been generally
accepted. This cammunication reports on a new
agent for renal scanning. The product is a complex
of tin, dextrose and technetium-99m which can be
prepared by mixing the camponents of a kit with
pertechnetate in solution. The nature of the prod
uct has been studied by means of 14c-glucose and
radioactive tin. The amount of pertechnetate in
the radiopharmaceutical as determined by Sephadex
filtration, has been 5-6%. A high kidney uptake
was found in rats by organ distribution studies.
A predaminant localization of the tracer in the
renal cortex was demonstrated by means of auto-
radiography and scintigraphy of slices of rat kid
neys. This radiopharmaceutical is now being em-
ployed in our hospital for routine use in renal
scanning and over 200 patients have been studied.
It has been observed that part of the activity is
retained by the parenchima and part is excreted
into the urine. The obtained images give at the
same time, useful information about the renal
parenchima and the upper urinary tract.

ENDOLYMPHATIC ISOTOPIC THERAPY TREATMENT OF
MALIGNANT LYPHOMAS.Irving M. Ariel.Pack Medical
Foundation, New York, N.Y.

Malignant lymphomas above the diaphra are

eated by orthodox radiation therapy I or

P areinjected into the lymphatics of both
feet. The procedure is both diagnostic for the
presence of subdiaphragmatic lymphoma and ther-
peutic in as much as 50-100 thousand rads Beta
are delivered to the pelvic and periaortic
lymph nodes. Twenty patients have been treated
with good results.

RESOLVING TIME OF SCIRTILLATION CAMERAS. John E. Arnold
A. Sidney Johnston, Steven M. Pinsky. Michael Reese
Medical Center, Chicago, Il1linois.

The observed counting rate of radioactive sources was
monitored under different scatter conditions and window
width settings by Pho/Gamma III and HP cameras while ac-
tivity was increased stepwise to high levels. As source
strength rose, observed counting rate (R) increased to a
maximum (Rpax) and then decreased. Thus the camera behaves
as a paralyzable detector, Its resolving time (T) can_be
estimated from T=(eRpax)-! and used in equation R=Ne-NT to
predict observed from true counting rate (N). By use of
this paralyzable instrument model T does not vary with
counting rate for constant scatter and window width condi-
tions, whereas T varies markedly with N if the paralyzable
model is used. Available data from cameras of several dif-
ferent manufacturers was found to conform closely to the
model. However, variation in window width setting or in
the degree of scatter in and around the source was found
to alter T by changing the photopeak fraction (F) of de-
t$ﬁ;able events which fall within the pulse height analyzer
window.

By replacing T with the term (K/F) where K represents
the true resolving time of both photopeak and nonphotopeak
events occurring in the crystal, equation R=Ne-NK/F is
obtained and this depicts reasonably accurately the depen-
dence of observed counting rate on factors N,K and F. Un-
less F can be accurately measured during a study this model
cannot be used for clinical deadtime corrections since F
varies with different scatter conditions and window set-
tings. Clinical deadtime corrections are more easily
performed by monitoring either a fixed source in the field
of view or pulses electronically injected into the camera.

Values of F measured in patients for lung,liver, brain,
and bone scans are usually between .20 and .33.
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NEW COMPLEXES OF “9™c FOR RENAL IMAGING. R. W. Arnold
G. Subramanian, J.G. McAfee, M.E. Rosenstreich and M,E.

Gebhardt, Upstate Medical Center, Syracuse, New York

Freeze-dried kits of the saccarides lactobionate, gluco-
nate, glucoheptonate, and mannitol were fornula&ed with
stannous chloride for "instant" labeling with 79MTc genera-
tor eluate.

Tissue distribution of these agents was determined by
radioassay after intravenous injection at varying intervals
in rabbits, and one hour after injection in dogs. Two
commercial kits, glucoheptonate (NEN) and 2-3-dimercapto-
succinate (DMS) (Mediphysics) were tested similarly. In 6
normal volunteers, urinary clearance, blood, and plasma
clearances were measured at 24 hours. The agents were then
used in Timited clinical trials for renal imaging with a
scintillation camera.

Al; of the agents reached a higher renal concentration
than 99mTc pertechnetate or DTPA complex. In both the
rabbit and dog, the highest renal concentration was
obtained with labeled DMS. Its concentration in the renal
cortex was relatively high, and in the medulla, exception-
ally low, compared to the other agents. In the dog,
there was 7% of the administered dose in the kidney at 1
hour. The distribution °3 the other complexes resembled
that of the older agent, IMTc-Iron-Ascorbate complex. In
clinical studies the renal images obtained with the various
agents were qualitatively similar. Unfortunately, all
agents evaluated showed some concentration in the liver.

QUANTIFICATION OF MYOCARDIAL INFARCTION BY SCINTI-
GRAPHY: AN AUTOPSY CORRELATION STUDY.A.B.Ashare*+,
D.W.RomhiltX,V.J.Sodd+,N.I.LevensonX,R.J.AdolphX,
E.L.Saenger*,and L.S.August®. NML+, BRH, FDA,
DHEW, Cinti.,0. Radioisotope Lab.* and Cardiac
Research Lab.X Univ. of Cinti. Medical Center, O.,
and Naval Research Lab.®, Washington, D.C.

Myocardial infarction can be identified and
localized by scintigraphy with a high degree of
accuracy. However, to be of a therapeutic bene-
fit, information on the size of the infarcted
area is needed. Myocardial infarction was induc-
ed surgically in dogs after control scintigrams
were obtained with intravenously injected Cesium-
129. Four views were obtained with an Anger type
gamma camera with pinhole collimator. Myocard-
ial scintigrams were obtained two days after
surgical induction of infarction. The animal
was later sacrificed and the size of the infarc-
tion estimated at autopsy and expressed as a per-
centage of the total myocardium. Without know-
ledge of the autopsy findings, four readers
interpreted the post infarction scintigrams with
comparison to the control scintigrams. Readers
quantified the lesion in each view. Then a com-
posite percentage involvement of myocardium
(CPIM) was made from the four views. CPIM was
analyzed using a two-way analysis of variance.
Differences between readers were not found to be
significant (F=1.337,D.F.=3,78). Also, differ-
ences between readers and autopsy findings were
not found to be significant (F=1.337,D.F.=4,104).
This present study indicates that we can quantify
the size of the infarction from scintigrams and
that this technique may be useful in quantifying
the size of myocardial infarction in humans.

NEW CYCLOTRON NUCLIDES FOR RADIOPHARMACEUTICALS: TITANIUM-
45 AND LEAD-203.H. L. Atkins, P. R. Bradley-Moore, R. M.
Lambrecht, J. C. Merrill, S. Packer, and A. P. Wolf.
Brookhaven National Laboratory, Uptom, N. Y.

Lead and titanium are two elements that are potentially
useful as radiopharmaceuticals, either as inorganic coordi-
national compounds or in the relatively unexplored area of
organometallic radiopharmaceuticals. Certain heavy metals
are known to have tumor specificity. We have developed the
cyclotron production parameters for obtaining high-purity,

carrier-free titanium-45 (Ty = 3.1 hr, 8%), and lead-203
(Ty = 52.1 hr, vy = 279 keV, '95%). The preferred nuclear
reactions are: 4SSc(p,n)l‘s'ri, = 12,5 MeV; and the

20371(d,2n)203pb, Ep = 22.7 MeV. The thick target produc-
tion yields (at EOB) after chemical separation were 3.5 t
0.5 mCi/uAH, and 241 * 50 uCi/uAH, respectively.
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4514 was prepared in the carrier-free form as 451102,
45Ti-citrate and 45Ti-lactate. Significant differences were
noted in the tissue distribution in mice at times up to 23
hrs.; e.g. at 2 hrs. the uptake in the lung was 146 t 23,
6.2 £ 0.7 and 9.7 ¢ 1.2%/gm, respectively. By comparison,
the uptake in the spleen at 2 hrs. was 4.4 ¢ 2.3, 5.2 ¢ 0.5
and 11.7 t 3,4%/gm, respectively. Variations in tissue
specificity with chemical form are interesting, since high
concentrations of titanium have been reported to be found in
cerss%;btypco of lymphomas.

was studied as the nitrate complexed with tro-
methamine, in mice with adenocarcinoma of breast tumor, and
in Syrian hamsters with skin and eye melanomas. The tumor
uptake in mice at 24 hrs was 4% (2.5%/gm). In the hamster
model, the ratio of the uptakes for skin melanoma/normal
skin was 7.2. The eye melanoma/normal eye ratio was 2.5.
The choroid/lens ratio was 22.6.

The pharmacodynamic and tissue specificity results sug-
gest that 203pp may potentially be a good nuclide in tumor-
localizing radiopharmaceuticals. The results with 4511
illustrate the need to systematically examine the chemical
form of inorganic radiopharmaceuticals.

99m’1’c—PYRIDOXYLIDENEGLU’1‘AMATE: A NEW RAPID
CHOLESCINTIGRAPHIC AGENT.Richmond J. Baker, John
C. Bellen, and Peter M. Ronai. Inst. Med. & Vet.
Sci., Adelaide, South Australia.

A new radiopharmaceutical,99”Tc—pyridoxylidaur
glutamate, undergoes rapid biliary excretion in
experimental animals and9 an. The complex
prepared by autoclaving mTc04‘, pyridoxal and
sodium glutamate at pH 8-9, was found to be
sterile, free of pyrogens and non-toxic up to
doses of 1,200 mg/kg in mice (5,000 times the
human dose). In mice, the gall bladder was
visualised scintigraphically 10 min after IV
injection, at which time the gall bladder to
liver concentration ratio was 9:1, increasing to
80:1 by 60 min.

In human controls, the hepatic parenchymal
phase was seen within the first 5 min after IV
injection, the common bile duct and duodenum
within 10 min and the gall bladder within 15 min.
The gall bladder was not visualised in patients
with acute cholecystitis, cystic duct obstruction
or complete obstruction of the common bile duct,
or in some patients with chronic cholecystitis.
Pooling of tracer in a dilated common duct and
delayed excretion into the duodenum were seen in
partial extrahepatic obstruction. Marked renal
excretion of tracer was a feature of both severe
hepatocellular disease and complete extrahepatic
obstruction, but appearance of tracer in the
small bowel at 15 hours after injection was found
only in the former situation.

This radiopharmaceutical promises to be of
real value in the diagnosis of biliary tract
disorders and concentrates in the biliary tree
more rapidly than previously described agents.

UPTAKE OF RADIOLABELED DIPHENYLHYDANTOIN (DPH) IN
ISLET CELLS. Suppiah Balachandran, Ung Y. Ryo,

William H. Beierwaltes, Michael J. Shaw, Rodne
D. Ice. University of Michigan Medical Center,

Ann Arbor, Mich.

Diphenylhydantoin (DPH) suppresses insulin re-
lease. We have investigated the uptake of radio-
labeled DPH in islet cells with the aim of devel-
oping a gamma emitting radiolabeled medicinal
that would allow preoperative detection of insu-
linomas. Mature toadfish (islet cells are separ-
ate from acinar cells) weighing about 1 kg were
given a tracer dose of 1.3-5.0 uCi of 1l4c DPH
into a gill arch vein via a 26-gauge needle. A
minimum of 3 fish were sacrificed at each of the
following intervals by a blow on the head: 10
minutes, 30 minutes, 1, 2, 6, 24, 48 and 72
hours. Radioactivity assay of 13 different
tissues with a liquid scintillation counter re-
vealed that the highest radioactivity concentra-
tion appeared in the islet cell tissue at 10
minutes after the tracer = 7.8% dose/gm of tissue.
At this time, the radioactivity concentration in
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islet cell tissue was 6 X >acinar tissue, 7 X
>blood, 20 X >liver and 27 X >muscle. From 30
minutes to 2 hours after the dose, radioactivity
concentration was highest in the brain = 6.6%
dose/gm. l4C DPH uptake in one patient 17 min-
utes before a 2/3 rds. pancreatectomy delivery of
tissue was similar to that in the toadfish at

30 minutes. DPH has now been labeled with 1251
DPH at the para position (sp. act. = 100 uCi/mg)
and the uptake in toadfish islets and in 3 humans
with insulinomas is currently being evaluated.
The % dose/gm uptake in islet cells observed
here, and the target:non-target ratio in islet
tissue is the highest reported to date.

THYROIDAL RADIOIODIDE ‘‘TURN( " IN HYPERTHYROIDISM,
Julian Baner{i, Richard P. Spencer. Section of Nuclear
Medicine (Radiology), Yale Univ. School of Medicine;
New Haven, Conn.

One of the variables in treatment of hyperthyroidism by
radioiodide is the rate at which the administered dose is
"turned over" by the thyroid. The effective half-time of
radioiodide in the gland is usually assumed to be about 6
days, based on studies reported in the 1940's and 1950's.
To obtain data on this pretreatment value in hyperthyroid
individuals in the present population, 100 consecutive
patients about to undergo radioiodide treatment were
counted at 24 and (usually) 48 hours after a drink of
1311 Na. FProm the net counts at these times, the effec-
tive T 1/2 was calculated. Of the 100 hyperthyroid
patients, 85 were women with a mean age of 49 years. In
the 15 men, the mean age was 53 years. The effective
T 1/2 for all cases was 5.0 days (close to the value re-
ported by Blomfield in 1959). In the males it was 4.9
days and in the females 5.0 days. Eliminating 21 cases
in which the T 1/2 approached that of radioiodide (little
biological turnover between 24 and 48 hours), T 1/2 for
women was 4.3 days and for men 4.1 days. There was no
correlation between the 2 hour uptake of radioiodide and
the turnover T 1/2. Similarly, there was no correlation
between the 24 hour uptake and the T 1/2. Even in 10
patients with uptake values over 50% at 2 hours, there
was no clear correlation between uptake and turnover. A
plot of turnover T 1/2 versus surface area of the thyroid,
also revealed no correlation. The turnover rate thus
appears to be biologically independent of uptake and gross
gland size. This is of particular interest, since present
uptake values (in the normal population) are somewhat
lower than those of past decades. Studies are underway
on the effects of therapy on the turnover T 1/2.

IN VIVO STUDY OF THE EFFECTS OF TISSUE INFLAMMATION ON THE

UPTAKE OF BONE~SEEKING RADIONUCLIDES. e Bautovich,
K. Genant, Paul B. Hoffer, Paul V.
. la . versity cago, cago, .

Bone scanning is being used increasingly to detect
osteamyelitis. The purpose of this study is to determine
whether inflammation in soft tissues will increase radio-
nuclide uptake in the adjacent bone and lead to the false
impression of osteamyelitis.

Tissue inflammation has been produced by the I.M. injec-
tion of turpentine (0.05, 0.1, 0.2 ml) in the knee region
(right) in rats. Following the I.V. administretion of a
radionuclide, external counting and imaging of a selected
region was perfoarmed using the Nuclear Chicago Phogamma
Camera with pinhole collimation. Quantitative data were
recorded and retrieved using the Chio-Nuclear 150 Data
System. The uptake in the region of interest (knee) was
calculated after tissue subtraction, and a ratio
between the right and left knee cbtained. In vivo quanti-
tation has been corrcborated by the use of well-counting
techniques and autcrudiogra;hy:

Inflammation developed within 2-4 days and was con-
firmed the increased uptake in the turpentine-injected
limb of 9MTc-pertechnetate, used to demonstrate the
intravascular and extravascular fluid spaces. Preliminary
results using 3¥MTc-EHDP, 2 howrs after I.V. administration,
have demcnstrated no significant difference in the bone
uptake between the limbs. The uptake of 99Tc-EHDP by the
inflamed soft tissue, however, is increased when compared
to the normal side. These preliminary results suggest
that soft tissue inflammation, adjacent to bone, should
not result in a false interpretation of osteamyelitis.
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LEFT VENTRICULAR VOLUME FROM ECG GATED COINCIDENCE IMAGES

OF 1100. George Buutovich: Paul V. EEE§E§§ Bruce Mock,
Nick Lembares . versity
of Chicago, 6’30&80’ TITinois.

Coincidence counting of positron annihilation radiation
eliminates the effects of attenuation and scatter in
tissues, thus allowing direct comparison of a source
inside the body with one outside the body. Using a
previously described gamma camera configuration with a
parallel hole tungsten collzmatar looking at a coincidence
detector array of seven 2" x 2" NaI(Tl) crystals U0 inches
from the collimator face, prelnnuﬁuy measurements have
been made of the heart chambers using inhaled !1C0 as a
blood pool labeling agent. Using an ECG gate, 16K digital
images were collected in systole and diastole over
40 min. Numbers were integrated in regions of interest
containing the left ventricle (LAO) and an external refer-
ence source of 11C0. These were carrected for adjacent
background, as well as nonuniformity and variable tissue
attenuation using a 511 keV transmission image. After
about half of the counts had been collected, a blood
sample was drawn and subsequently campared to the reference
standard g;v1ng the equivalent number of milliliters of
blood. §ave the diastolic ventricle volume.
Using 5-10 mCi of !TCO permits collection of ~ 1000 net
counts in the ventricle region of interest.
values for end diastolic volume, ejection volume and
cardiac output (assuming campetent valves) were within
expected range. While the effects of chance coincidences
on the ratios of net counts in the regions of interest
were small, additional shielding of the coincidence
detector should improve performance.

TREATMENT OF DISTANT METASTASES FROM DIFFERENTI-
ATED THYROID CARCINOMA. W.H. Beierwaltes, J.K.

Harness, N.W. Thompson, J.C. Sisson. University

of Michigan Medical Center. Ann Arbor, Mich.

A 75% mortality rate at 5 years after diagnosis
is reported for patients with papillary and fol-
licular carcinoma of the thyroid gland metastatic
to lung and/or bone. Using 1311 after surgery,
our patients in this category have a mortality
rate of 27.8% at 15 years after diagnosis.

In the 26 year period of 1947-1973, 333 pat-
ients with papillary and follicular carcinoma of
the thyroid gland were treated with 1311 after
surgery. Six weeks after surgery and off thyroid
hormone, a tracer dose of 300 uCi of 1311 was
given and neck, lung and bone scans were perform-
ed with a dual 5" crystal rectilinear scanner.

36 of 330 patients (10.9%)had metastases remote
from the neck and/or mediastinal region. In 28
patients the neoplasms were classified as papil-
lary and 8 as follicular. 1In addition to pul-
monary metastases, 6 of 28 (21%) of patients with
papillary carcinoma also had metastases to bone.
One half of those with follicular carcinoma had
demonstrated concomitant lung and bone metastases
at the time of the first 131I therapy. The aver-
age follow-up period from diagnosis was 14.9
years (1-40 years). The average follow-up period
from the first therapeutic-dose of 1311 yas 11.4
years, 15 years for survivors. Twenty of 28
patients with papillary carcinoma have been fol-
lowed a minimum of 10 years and half of these
have been followed a minimum period of 20 years.

Our use of 131 therapy after surgery appears to
prolong life in these patients.

SINUS IMAGING WITH VENTILATION DYNAMICS USING
133 Xe. b

2a tas, a . VA Hospital and
University of Kentucky Medical Center, Lexington,
Ky.

The purpose of this study was to visualize the
paranasal sinuses and to evaluate the dynamics of
sinus ventilation.

The 133 Xe was inhaled using & modified Medi-
Physics Xenon ventilation system. The modifica-
tion included separate nasal canulas using a T
connector and tygon tubing linked to the 133 Xe
source and storage bag. For data collection, an
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Anger camera with the high sensitivity low energy
collimator was used. The data was observed live
and also stored in a computer. All subjects used
in this study were in the anterior position.

Subjects were comfortably inhaling and exhal-
ing through the mouth until the 133 Xe was re-
leased. At this time one nasal inhalation allow-
ed 5-10 mCi of 133Xe to be drawn through the nas-
al passage. The subjects were instructed to
begin breath holding for about 10 sec in order to
permit time for the static image to be taken,
after which normal mouth inhalatiomr with nasal
exhalation permitted washout data to be acquired.

Results indicate visualization of the max-
illary and sphenoid sinuses. Differences in pat-
ency are apparent from the static images. Normal
washout for each maxillary sinus has been cal-
culated to be about 20-30 sec with a longer T#
in subjects with sinus disease.

From this preliminary study, it has been con-
cluded that maxillary sinuses can be easily vis-
ualized. Ventilation dynamics indicate the ex-
change rate of 133 Xe to be an aid in evaluating
ostia patency.

OPIMLTDEFORI“I'IVIALK)DYMDGTOWW-
STATIC THYROID CARCINOMA. Carlos Bekerman, Alexander
Gottschalk, and Paul B. HofTer, -Uhiversity of Chicago, Ill.

No universal technique exists for whole-body imaging
with 1311 to detect metastases in a patient with thyroid
carcinama who has had total thyroadectany Many workers
have advocated different optimal 1magzng times fram 24 to
72 hours, but we are unaware of any series which compares

1311 body images at sequential intervals. The purpose of
this study was to determine the relative accuracy of de-
tecting thyroid metastases at various imaging times.
Twenty-four patients with carcinama of the thyroid were
studied. A total of 58 body 1ma§ were penﬁ:und follow-
ing administration of 1 mCi of 131I. All views were
obtained using a gamma camera with medium energy diverging
collimatar and a 5 minute exposure time. The 58 body
images were obtained in a sequential mode.

Of the 58 scans performed: (a) 9 (16%) had definite le-
sions at 48 hours ar later that were not seen at all at 24
hours. (b) 11 (20%) had definite lesions at 48) hours or
later which were questionable at 24 hours. (c) 6 (11%)
showed questionable activity at 24 hours which was shown to
be physiologic uptake on the delayed (48-72 hours) scans.
(d) None of the scans demonstrated an area of abncrmal up-
take at 24 hours that was not seen at 48 ar 72 hours.

(e) 48 cases had both 48- and 72-hour scans. The 72-hour
scan detected 5 more lesions than the 48-hour scan.

(f) 8 cases had both 72- and 96-hour scans. No new lesions
were seen at 96 hours.

From these data we conclude that a potential errar rate
of 36% of metastases might have been missed if only the 24-
hour scan was employed. In addition, 11% of our cases had
physiologic uptake which might have been erronecusly over-
d1agnosed at 24 hours. These data indicate that 72 hours
is the optimum time for whole-body imaging to detect
thyroid cancer metastases.

NORMAL CRITERIA FOR EARLY BONE DYNAMICS OF 99mrc-
DIPHOSPHONATE. Gerald Berd, Frank Castronovo, Ken-
neth McKusick, Henry Pendergrass, Ronald Callahan,
Majic Potsaid. Mass. General Hospital, Boston, MA.
The early dynamics of 99“Tc—dxphoephonate were
measured in normal patients to form a basis of
comparison for similar studies in patients with
bone pathology and disorders of mineral metabolism.
Sequential quantification of radionuclide distri-
bution was carried out for one hour after I.V. in-
jection of 20mCi of 99Mrc-diphosphonate (0.4-0.6
mg diphosphonate carrier) utilizing an Anger cam-
era interfaced with a HP5407A computer. Regions of
interest were selected to include kidneys, lumbar
spine, pelvis and background. Patients studied
had normal renal function and no evident metasta-
tic or metabolic bone disease. The bone time-ac-
tivity curves were similar in all of those patients
with an initial dominant peak at 15-30 seconds fol-

477



. PROCEEDINGS OF 21st ANNUAL MEETING

lowed by a later peak at 20-45 minutes. Activity
declined gradually for the remainder of the 1 hour
period. Blood clearance was biphasic with an ini-
tial rapid phase (26.215.1% remaining 5 minutes
after injection) followed by a more gradual clear-
ance (8.7%1.6% remaining at 1 hour, 2.0%1.1% re-
maining at 4.5 hours) . Peak renal activity occurred
at 20 minutes; approximately 30% of the dose was
excreted in urine by 4.5 hrs. Chromatographic ana-
lysis of plasma and urine demonstrated the absence
of free pertechnetate with all activity at the
99mPc diphosphonate peak. This data suggests that
the early accumulation of 99mTc diphosphonate in
normal bone occurs in a characteristic pattern.

HIGH RESOLUTION SCINTIGRAPHY OF CARDIAC SYSTOLE
AND DIASTOLE. Daniel S. Berman, Gerald L. DeNardo,
Antone F. Salel, Robert Zelis, Dean T. Mason, H.
W. Strauss, and Hugo G. Bogren. University of Ca-
Tifornia, School of Medicine, Davis, California

Radioisotopic methods of evaluating regional
myocardial pump performance have been limited by
poor resolution of images. A technique which pro-
vides high resolution images of the heart in sys-
tole and diastole has been developed. The results
in 33 patients were compared with radiopaque left
ventricular cineangiograms (LVC) obtained within
48 hours of the radioisotopic study. The follow-
ing modifications of standard RAO gated blood pool
imaging using the scintillation camera were made:
a 15,000 hole high resolution collimator was used;
500,000 count images of systole and diastole were
obtained; all margins of the left ventricle, in-
cluding the aortic and mitral valve planes, were
determined by simple inspection of the gated im-
ages; a phonocardiogram was employed to more ac-
curately determine end-systole than was possible
with EKG timing; in selected patients LAO images
were obtained for observation of septal and pos-
terior wall motion. Three of the patients were
eliminated from statistical analysis; 2 because
marked right ventricular enlargement prevented
radioisotopic definition of the left ventricle,
and 1 because LVC was inadequate. In the remain-
ing 30, the correlation coefficient for the ejec-
tion fraction was .92 (p < .001); the regression
equation was y=.82x + .12 with SD .065. A11 17
cases of regional abnormality on LVC were detec-
ted on the radioisotopic study. This radioisoto-
pic method yields high resolution images of the
heart which lead to accurate determination of
regional and overall myocardial pump performance.

NON-INVASIVE RADIOISOTOPIC DETERMINATION OF CAR-
DIAC OUTPUT UTILIZING A SINGLE PROBE AND A COMPU-
TER MODEL. Daniel S. Berman, Antone F. Salel,
Gerald L. DeNardo, Dean T. Mason, and Robert
Zelis. University of California, School of Medi-
cine, Davis, California. Paul 0. Scheibe, Peter
E. Jackson, George B. BelT, Cupertino, California
Cardiac output (CO) was measured in 17 patients
by a constant infusion radioisotopic method (CIRM)
and compared to simultaneous dye dilution (16) and
Fick (1) measurements. An injection over 4 minu-
tes of In-113m was made into a peripheral vein.
Activity over the great vessels was detected by a
single probe and was recorded on punched paper
tape for transmission over telephone lines to a
digital computer. The CIRM is based upon modeling
the circulation as a closed hydraulic system con-
sisting of two in-series sets of parallel differ-
ing transit times, representing the pulmonary and
extra-pulmonary vascular plexuses. Each of these
sets are characterized by a frequency distribu-
tion of transit times whose global mean is the
mean circulation time. CO was calculated by div-
iding measured blood volume by the computer esti-
mate of mean transit time. One value was excluded
from statistical consideration because it deviat-
ed 45% from the line of identity, whereas the re-
maining 16 were within 20% confidence intervals.
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The correlation coefficient was .76 (p < .001);
the paired t test was accepted at p=.60. In one
case where the dye method was uninterpretable be-
cause of aortic insufficiency, comparison with
simultaneous Fick measurement was 4.5 to 4.7 L/
min. This case suggests a special use of the CIRM
where the dye dilution method is invalid. The
CIRM appears to be as accurate as the standard
more invasive methods for measuring CO.

RADIOPHARMACOKINETICS COF ANTINEOPLASTIC PLATINUM COMPOUNDS:
EVALUATION OF 195m-Pt CIS-DICHLORO-BIS~CYCLOPENTYLAMMINE-
PLATINUM(II) ("A").Jeffrey A. Berman, Francis K.V.Leh and
Walter Wolf. Univ. of ﬁ%ﬁm Calif.,los Angeles, CA.

Previous work of this laboratory on the radiopharmacoid-
netics of cis-dichlorodiemmine platinum(II) suggested an
"in vivo" nuclear medicine technique that would assist in
evaluating this new antineoplastic agent, now in phase II
clinical studies as NSC-119875. A major problem in its uti-
lization is its severe nephrotoxicity. Other platinum ana-
logs are significantly less toxic; in particular the title

"A" has a therapeutic index 200 times greater than

NSC-119875. The present study was undertaken to evaluate
"A" utilizing a 195m-Pt labeled radiopharmaceutical. Rats
bearing Walker 256 carcinosarcama were injected at 1,5,50
and 100 mg/Kg and scamned serially. Excreta were collected
over a 7 day period, after which the animals were sacrifi-
ced. No significant tumor localization was detectable, but
significant activity was measured in kidney, liver and
spleen. Because "A" is highly insoluble, it was administe-
red I.M. Nome of the factors influencing mobilization of
insoluble drugs (hyaluronidase, diathermia or fractioned
dosage) affected the rate of mobilization to any signifi-
cant extent. The most dramatic result is the fantastically
high degree of kidney retention, which even after 7 days
ranged from 26-60% of the total drug administered,and
which does not appear to be dose dependant in the 5-100 mg/
Kg range. The mobilization of the drug thus appears to be
kinetic, rather than concentration, dependant. Urinary ex-
cretion has a fast phase, followed by slow, sustained re-
lease. The major excretion product is urmetabolized "A",
accampanied by at least three other also poorly soluble me-
tabolites. The present results illustrate once more that
external monitoring of radiolasbeled pharmaceuticals is a
significant tool in their clinical evaluation. For "A", it
1s suggested that the extremely high renal retention seve-
rely questions its possible clinical usefulness.

OCULAR SCINTIGRAPHY. Paul Blanquet, Philippe Vérin, Bernard
Basse—-Cathalinat, and Nour Safi. I.N.S.E.R.M. Unité 53,

Domaine de Carreire, rue Camille Saint-Saéns, 33000
Bordeaux and Hopital St André, laboratoire des isotopes,
1 rue Jean Burguet, 33000 Bordeaux.

The technology of ocular scintigraphy has been recently
improved. As previously, the detector is an Anger camera
coupled with a multiparametric analysis system or a small
computer which enables to obtain quickly isodose curves.

At the origin, the pin-hole collimator with two stenopoeic
apertures in front of each eye, presented an invariable
interpupillar distance. It has been recently modified to
render this distance variable, by the adaptation of two
rotating Tungsten pieces with excentric apertures. In such
conditions, the interpupillar distance can vary between 50
and 80 millimeters (65 * 15 millimeters). The overall defi-
nition is now 2.5 millimeters, such a high value being due
to the use of the pin-hole system and equally to the small
diameter of the apertures (2.5 millimeters).

1317 piiodofluorescein is still used for the study of
hypervascularisation (generally associated with the tumor),
but Technecium is more advantageous because of its physical
and dosimetric characteristics.

1317 jodinated chloroquine has been equally employed for
selective detection of malignant melanomas. Statistics con-
cerning the results of 300 cases are presented (double
scintigraphy 1311 Diiodofluorescein or Technecium and iodi-
nated chloroquine).

The difficulties arisen by the interpretation of the
images and the main indications of our method are discussed.

RADIONUCLIDE IMAGING OF THE KIDNEY IN TUBEROUS

SCLEROSIS. Charles J. Blatt, David B. Hayt and
Leonard M. Freeman. Fordham and Misericordia
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Hospitals and Albert Einstein College of Medicine
Bronx, New York.

Multiple space occupying lesions of the kidney
are common in patients with tuberous sclerosis.
They are angiomyolipomas with an abundant vascu-
lar supply. Commonly confused with angiomyoli-
pomas are polycystic kidneys. These two diseases
have a similar urographic appearance distinguish-
ed only with angiography. Two related patients
with tuberous sclerosis were found to have space
occupying kidney lesions on urography. Static
scintigrams with 197Hg chlormerodrin demonstrated
the lesions well. Subsequent vascular flow
studies with intravenous 99mrc pertechnetate
revealed these lesions to have a rich blood
supply. Because of their known high association
(50-80%) with tuberous sclerosis the presumptive
diagnosis was angiomyolipoma. This was confirm-
ed at angiography. Similar radionuclide studies
in patients with proven polycystic kidney disease
clearly demonstrated the avascular nature of the
lesions in sharp contrast to the angiomyolipomas.
Radionuclide renal imaging studies are a useful
diagnostic aid in evaluating space occupying
kidney lesions in tuberous sclerosis. The find-
ing of multiple vascular lesions is good evidence
of angiomyolipomas. Conventional angiography
is not necessary. Avascular polycystic or multi-
Ple cyst disease of the kidney also is easily
documented on such scintiphotographic studies.

A NEW METHOD FOR IMAGING MYOCARDIAL INFARCTS.
Frederick J. Bonte, Robert W. Parkey. The University of
Texas Southwestern Medical School, Dallas, Texas

Several investigators have shown that the calcium ion which
enters myocardial cells in an infarct localizes in a crystalline
structure which forms within mitochondria, tentatively identi-
fied as hydroxyapatite. We have utilized this phenomenon to
visualize experimental infarcts in a number of 20 kg mongrel
dogs using a member of the family of bone-imaging agents,
99MTc stannous pyrophosphate (PYP). Imaging studies show
that an experimental infarct becomes visible on scintillation
camera images in from 12 to 16 hours following infarction, and
in from 30 to 60 minutes after injection of 99MTc PYP. Locali-
zation persists unchanged for about 4-6 days, but begins to
fade thereafter and usually disappears by the fourteenth post-
infarction day.

Accompanying tissue distribution studies show the establish-
ment of a 10: 1 ratio of 99MTc¢ activity of infarct to normal myo-
cardium within 12 to 24 hours of infarction which is in accord
with the results of imaging studies. Other favorable ratios in-
clude infarct/liver (6:1) and infarct/aerated lung (20:1). An-
ticipated high concentrations are observed in bone, but maxi-
mum bone uptake has not occurred at the optimum imaging time,
30-60 minutes after injection.

Possible adverse effects such as arrhythmias due to chelation
of calcium ion by PYP have been ruled out by obtaining appro-
priately controlled EKG studies in 6 dogs before and after in-
farction, and before and after administration of repeated 5.0 mg
imaging doses of PYP. Results obtained in this study indicate
that bone-imaging agents such as 99MTc PYP, polyphosphate,
etc are probably the agents of choice for the demonstration of
recent myocardial infarcts.

THE ROLE OF NUCLEAR MEDICINE IN HUMAN LIVER TRANSPLANTA-
TION. S.E. Bostrom, D.W. Brown and G.L. Nelson. Denver
Veterans Administration Hospital and University of
Colorado Medical Center, Denver, Q0

Since 1963 more than 80 human hepatic homografts have
been performed at our institution. Although anly 10
remain alive and the longest surviver has lived 4 1/2
years, great improvements in technique and long-term care
have occurred so that recent patients, most of whom suffer
from biliary atresia or post necrotic cirrhosis, are doing
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relatively well. Nuclear Medicine has played an important
role in the preoperative evaluation of these patients and
in their long-term follow-up. This routinely involves a
99m-Tc sulfur colloid scan in combination with a 20 minute
1-131 Rose Bengal retention and 24 hour Rose Bengal ab-
dominal scan. In general, these procedures are performed
preoperatively, postoperatively and then at any time a
clinical change occurs. One of the first signs of rejec-
tion is an increase in liver size and rise in Rose Bengal
retention. As rejection subsides, the liver returns to
its previous size. Over the years, an amazing variety and
number of complications has occurred. These have included
brain, lung, liver and abdominal abscesses; pulmonary em-
bolism, pneumonia, hepatorenal syndrome, various infarc-
tions, various types of biliary obstruction and recurrence
or spread of hepatoma in cases where this was the under-
lying disease. In addition to liver scans; lung-liver,
brain, lung, and renal scans and renograms have been used.
Recently, Ga-67 abdominal scans have been used success-
fully in a number of cases complicated by abscesses. Com-
plications, Nuclear Medicine procedures used, and
interesting findings will be tabulated and shown.

DOSIMETRY OF SEVERAL DTPA RADDPHARMACEUTICALS

IN CISTERNOGRAPHY, Valerie A, Brookeman, Richard L. Morin
and Lawrence T. Fitzgerald. University of Florida College of
Medicine and VA Hospital, Gainesville, Fla.

Following intrathecal administration of 169Yb-DTPA to nine
patients, spinal counts were obtained from 2 to 48 hours with a
gamma camera/computer system, Utilizing computer outputs
the length of the spine was divided into 6 equal segments. The
counts in each segment at each time were corrected for sur-
rounding blood background and converted to percent of adminis-
tered activity by reference to a standard, Cumulated activity in
each segment was determined by graphic integration of mean
activity-time curves, Absorbed radiation doses were computed
for cylindrical geometry utilizing appropriate reduction coef-
ficients for the dose contribution from electrons. Maximum
doses to the surfaces of the cord and nerve roots are 31 + 18 and
46 £ 20 rads respectively, for 1 mCi 169Yb-DTPA administered.
By 0.01 cm depth, the thickness of the pia, these dosés decrease
to the average values of 5 + 3 and 8 + 3 rads respectively,
Surface and average doses to the cord and nerve roots from
intrathecal administration of 0,4 mC1 189Yb-DTPA are about the
same as those from 0.1 mCi 13l[-IHSA. Electron dose reduction
ooefficients for cylindrical geometry were computed for 5 other
radionuclides which also may be easily chelated: 99™Tc, U3my,
Mg, 67Ga, Slcr, Absorbed radistion doses at various depths
within the spinal cord and nerve roots were calculated, utilizing
the biological distribution and clearance data obtained with
169yh-DTPA. Doses decrease rapidly with distance from the
cord surface and by about 0,01 cm reach their average values of
about 0.2, 0.2, 2,5, 1.4 and 0.7 rads respectively, for 1 mCi
of the DTPA radiopharmaceutical administered.

COMPARISON BETWEEN BONE MARROW SCANS AND BIOPSIES.
D.W. Brown, M.H. Block, S.F. Wallner, J.W. Backhaus and
T.W. Ryerson. Denver Veterans Administration and
Oniversity of Colorado Medical Center, Denver, (O

Intravenously administered radioactive colloids are
deposited in the reticuloendothelial system (RES) and in
bone, this distribution generally corresponds to the
presence of erythropoietic marrow (EM). Many authors have
used colloidal RES scans clinically to assess changes in
EM distribution. Nelp (1970), Van Dyke (1967) and others,
however, have noted discrepancies between functioning RES
and EM distributions in patients suffering from hemato-
logic disorders. More recently, Lilien (1973) and others
have suggested that intravenous ionic indium is trans-
ferred into the marrow reticulocytes and suggest that bone
marrow images obtained with this material should reflect
more faithfully the true EM distribution. We have per-
formed iliac and trochanteric biopsies in 27 patients and
compared these with 99m-Tc sulfur colloid bone marrow
scans in 8 of these patients, 113m-In colloid scans in 11
and 24 hour ionic 111-In marrow scans in 8. All of these
patients suffered from hematologic disorders including
various types of leukemia, aplastic anemia, thrombocyto-
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penia and polycythemia vera. The presence or absence of
EM shown by biopsy at these sites and on scanning was
compared. Correlation was surprisingly poor in the
colloid scans, primarily in the greater trochanters. RES
uptake was present in the absence of EM in 4 trochanters
and absent in 3 trochanters with increased EM. In the
first 8 ionic indium patients, one patient showed only mye-
lofibrosis in his trochanter and a patient with chronic
lymphocytic leukemia (CLL) had no myeloid but 70% lymph
tissue and 30% fat in his trochanter. Each showed exten-
sive RES uptake in the trochanter area. Another patient
with CLL had no trochanteric RES uptake but his biops
calllgtained 70-80% lymph tissue, the rest scattered myeloid
cells.

A METHOD FOR THE PREPARATION OF A 99mTc-HEMATO-
PORPHYRIN DERIVATIVE AND ITS TISSUE DISTRIBUTION
PATTERNS. Andrea D. Browne and Henry N. Wellman.
Indiana University Medical Center, Indianapolis,
Ind.

Selective localization of the acetic acid-sul-
furic acid derivative of hematoporphyrin (Hp-d)
has been demonstrated in a variety of neoplasms
by Hp-d fluorescence when activated by light of
approximately 4,000 A. The practical usefulness
of this method has been limited by physical fac-
tors and the necessity for destructive testing.

To overcome some of the difficulties associa-
ted with the fluorescent detection techniques, a
99mTc labeled Hp-d has been prepared. Electroly-
s8is 18 effected in 60 seconds (1.5 Coul) with 1.5
ml of Hp-d using a tin anode and platinum cathode.
Addition of Na99mTco, (0.9% saline) after elec-
trode removal results in labeled Hp-d of 982
radiochemical purity by chromatography (0.92 sa-
line developer). Activity corresponds with
fluorescence and the minimal free pertechnetate
band is easily discerned. Precipitation tests
have also indicated that 99mTc is bound to the
Hp-d molecule in vitro. Decrease in tag was
demonstrated following treatment of the prepara-
tion with a dilute H303 solution. In vitro sta-
bility is at least five hours. Normal animal
distribution studies in the rat and rabbit indi-
cate in vivo stability. Uptake is imaged mainly
throughout the reticuloendothelial system and
kidneys. Studies of localization patterns in a
variety of tumor bearing animals, especially
those with lymphosarcomas, are under way and will
be reported.

ISOTOPE DISTRIBUTION RECONSTRUCTION FROM MULTIPLE GAMMA
CAMERA VIEWS.Thomas F. , Grant T. Gullberg, James
McRae, Hal O. A_L\g\Ier. Donner Laboratory, University of
California, Berkeley, Calif.

Digital reconstruction of the distribution of isotope in
patients has been made using gamma camera images taken at
miltiple angles. Of 13 algorithms investigated we chose 4
methods for patient and phantom comparative studies: back
projection, SIRT, iterative least squares, and Fourier
techniques including back projection of filtered projec-
tions. Back projection is transverse section scanning and
filtered back projection techniques are attempts to decon-
volute the true image from its convolution with l/r. Iter-
ative techniques such as SIRT, least squares, and the EMI
algorithm involve solving for the best estimate in a pixel
A of the transverse section by minimizing the difference
between the measured ray sum Px(g) and the estimated pro-
Jection Ry(g). For our technique, after iteration n:

ntl n G} 2 C] 2
A = A+ [gf (Pk(e)‘ Rﬁ(e)/ok(e)lg(f /Ok(e))

where fe 1s the attenmation coefficient e ** and ux is
evaluated for each pixel relative to each projection using
an algorithm that establishes the boundary of the object
after a few initial iterations where £ is given an initial
value of 1.0. The patient is positioned before the scin-
tillation camera an hour or more after injection of
99mTcOy=. The head is fixed by a mouthpiece bite holder.
On 64 X 64 frames 50,000 counts are digitized at 10° incre-
ments in 30 sec.

The filtered back projection technique is superior in
speed; however, for quantitative results that take into
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account both nolse and attenuation, our iterative least
squares method is appropriate for nuclear medicine quanti-
tative studies. Resolution is 1.25 cm for detection of
holes in 20-cm diameter objects.

MYOCARDIAL IMAGING WITH ®'Rb.Thomas F. Budinger, James
McRae, Yuldo Yano, William G. Myers. Donner Laboratory,
University of California, Berkeley, Calif.

For myocardial imaging with the properly collimated cam-
era, *'Rb has an ideal half-life of 4.6 hrs and abundant
photons: S11 keV, 67%; 446 keV, 23.5%; and 190 keV from
daughter *V¥ir (T},Z =13 sec). The reaction ’*Br(“He,2n)
*1Ry gives good yields of 500 uCi pA-l hr-1, but about 30%
contamination by **"Rb (777 keV, 83%; and higher energy
gammas) make other reactions such as *°kr(d,n)®*'Rb or ®*Rb
(p,5n)*'sr->*'Rb desirable if yields are reasonable.

From 3 to 6 mC1 were injected I.V. into 12 patients.
Five views (LPO, LA, LAO, AP, RAO) of 3-min duration with
300,000 counts were taken with a pinhole collimator having
a platinum insert of 8-mm aperture. Studies included 190
keV vs. 440-511 keV energy windows; gated images of end
systole and end diastole; regional sequential changes in
isotope uptake and disappearance; and comparison to }2°Cs
and *’K. Seven patients with symptoms of anglna pectoris
had demonstrable lateral and inferior wall defects. One
patient with 3 hospitalizations for presumptive myocardial
infarction had normal uptake. Coronary angiogram in this
patient was normal, and the final diagnosis was upper G.I.
disease. Images with the window at 446-52L were better
than at 190 keV. Gating shows myocardial movement differ-
ent than expected from change in intercavitary volume. An-
terlor and LPO views show significant amplitude of base
rather than apex silhouette change. Sequential whole-body
quantitative scans show initial distribution and redistri-
bution similar to gotass:lum. The whole-body dose is 100
mrad/mCi for pure 'Rb and about 200 mrad/mCi if contami-
nations from *2™Rb and ®°Rb are included. Target-to-non-
target ratios of 2:1 for the heart images require the good
statistics obtainable with *!Rb, which can be given in
amounts 6-10 times that of *’K and !2%Cs. The limitation
is the need for better high energy collimation than is
generally available.

EVALUATION OF A NEW LYOPHILIZED 99mTc-PYRO-
PHOSPHATE KIT FOR SKELETAL IMAGING. J. A.
Burdine, N. Anderton, J. Soin, and M. Calderon. Baylor
College of Medicine, Houston, Tex.

99mTc-labeled polyphosphates for skeletal imaging
have demonstrated considerable instability both in vitro
and in vivo, producing inconsistencies in labeling effi-
ciency and image quality. This report summarizes an
evaluation of 99MTc-stannous pyrophosphate (PyP)
which offers improved stability and easy labeling with
an average of 99% efficiency.

In clinical trials, 253 patients referred for skeletal
imaging received 10 mCi intravenously (5-10 mg PyP com-
plex) with no cardiovascular, respiratory, central ner-
vous system or other changes noted. In 15 patients moni-
tored before and 24-48 hr after injection, no significant
differences were found in CBC, alkaline phosphatase,
SGPT, total bilirubin, BUN, creatinine, or urinalysis.

To investigate comparable clinical efficacy, 20 patients
were scanned with 85Sr in addition to PyP. Fourteen of
the 20 had abnormal PyP scans with 50 abnormal areas
noted. Fifteen had abnormal strontium scans with a total
of 32 abnormal areas. However, two of the abnormal
strontium scans proved to be false positives due to gastro-
intestinal retention of activity. In addition, one normal
strontium scan was a false negative. Overall lesion-to-
bone contrast was judged to be good in 85% of the PyP
scans, and 62% of the strontium scans. These results
suggest that 99mTc-PyP should prove to be an effective
new agent for skeletal imaging.

67GA CITRATE IN CANCER DIAGNOSIS. L. Caldarola
P.G. De Filippi, R, Polloni, and F, Badellino. Istituto
di Oncologia, Torino, ltalia
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The reliability, significance and repeatibility of dia-
gnosis with i,v. 2.5 mC 67Ga citrate were assessed 48—
120 h after Injection with a linear scanner and occasional
ly with a scintillation camera in 403 patients (313 with
tumours).

Repeated enema and vescical catheterisazion were:*
used in examination of abdominal structures.

The window included the first three energy peaks and
discarded the 4th (£ 10% emitted energy). Calibration
were naturally varied to fit patients with recent histories
of radioisotope examination,

A 90% (lung diseases) and an approximately 84% fit
with the intraoperative or autoptic findings (lymph node
and bone) were observed.

Results were also good (60% though on a limited seri-
es) In thyrold and G. E. cancer, but disappointing for the
breast and the male and female G.U. apparatus.

Repeated examinations proved of value in the progno-
sis of spread by the primary tumour and metastases,

Uptake intensity also offered an indirect criterion for
assessing the stage of the disease and the effectiveness
of treatment.

RESUL TS WITH INTRA-ARTERIAL INJECTION OF
RADIOACTIVE MICROSPHERES IN 21 ADVANCED
TONGUE CANCERS. Leonardo Caldarola and Fausto -

delllno. Istituto di Oncologia, Torino, ltalia.

A series of 10 previously untreated and 11 recurrent
cases of advanced (T3, Ta) cancer of the tongue were
treated by intra-arterial injection of 2, 5-12 mC 329 on
8-12, 000 resin microspheres (diameter 30u % 5) over the
period 1963-70. Site doses of 15-20, 000 rads were deli-
vered.

Tumour sites were 8/10 and 2/10 and 5/11 and 6/11 In
the anterior two thirds and posterior one-third of the
tongue respectively. Regional nodes were no palpable
(NO) in only 2 cases. 14/21 patients were subjected to
neck dissection. Lymph node metastases were found in 4
and 6 patients respectively in the two groups.

10/10 and 6/11 regressions with mean durations of 19, 9
and 4 months respectively were observed.,

Mean survival in the 1st group was 2.3 yr and 2 patients
are still alive after 5 and 8 yr,

Overall survival in the 2nd group was 8. 5 months (10. 6
months in the 6 cases where regression was obtained).

THE LEFT UPPER ABDOMEN IN CHILDREN.
Marcos Calderon and John A. Burdine. Baylor College of
Medicine, Houston, Tex.

Space occupying lesions in the left upper abdomen occur
as a result of certain pediatric diseases and trauma.
Palpation is a simple, direct technique for evaluation, but
has a low order of sensitivity and specificity. Plain
abdominal radiographs and gastrointestinal series may
provide indirect information of gross changes. Selective
celiac angiography constitutes the only non-nuclear tech-
nique which may demonstrate considerable architectual
detail of the liver and spleen, but this procedure is not
universally available and has a known incidence of serious
complications.

We have utilized several radiopharmaceuticals labeled
with 99MT¢ and a scintillation camera to study such
abdominal masses, and have found the information pro-
vided very helpful. Mass lesions of the left hepatic lobe
and spleen can usually be differentiated, and displacement
of the liver and spleen by renal masses may be deter-
mined. The static image pattern plus assessment of
lesion vascularity with a sequential blood pool study in
some instances may lead to a specific or near specific
diagnosis. In the frequent case of abdominal trauma in
our children's hospital, imaging of the spleen has proven
to be invaluable, saving wasted hours of observation and
appropriately directing surgical intervention.
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We anticipate increased utilization of such techniques
because of the unique and accurate information which they
provide, and because of their simplicity and virtual
absence of complications.

RADIOMETRIC DETECTION OF M. TUBERCULOSIS AND M. LEPRAE-

pdica 8 a e, Maryiand.
Laboratory identification and study of important human
pathogens of genus Mycobacterium is difficult because myco-
bacteria are slow R ous organisms. We have
developed a radiometric te ue based on the use of ioni-
zation chamber to measure the %00, produced by the bac-
terial metabolism of !“C-substrates. We found that 5 ml.
of liquid Middlebrook 7H9 (ADC additive), containing two
microcuries of !“C-acetate or !*C-glycerol permitted detec-
tion of significant bacterial metabolism of M. tuberculosis
within 18 hours (10 arganisms innoculum). M.-l_eg@ﬁr?
was also studied as a model far M. rae (Ieprosy).
M. lepraemurium (Hawaiian strain), p: readily detect-
able innoculated into 10 ml. of a simple buffer
medium (K-36) ar a camplex nutrient medium (NC-5). The
(K-36) medium supported metabolism of Eir%’cﬁle_" raemurium for
only 7 days with subsequent decline to C02
production by 27 days. The NC-5 medium with !“C-acetate
ar with !*C-glycerol allowed cantinued !*CO; production at
peak levels until 20 days or 50 days, respectively. Although
M. lepraemurium does not divide in these media, we have
shown that it is metabolically active. In both media,
about 7 days were required for the organisms to achieve
peak metabolic activity. The metabolisms of M. tubercu-
losis and M. E?ywmmuriuname similar in that™?*C—glycerol
and T*C-acetafe are metabolized to !*C0; more rapidly than
1%C-glucose. The rate of metabolism for M. lepraemurium is
much slower than for M. tuberculosis. The ometric
technique shows pramiSe as a rapid and efficient system for
detecting and determining drug sensitivities of M.
tuberculosis and M. lepraemurium.

A STUDY OF HGH SOLID PHASE RADIOIMMUNOASSAY.Gino
Cappelli,Franco Grandonico,Alessandro Brocchi.Nu-
clear Medicine Centre,Florence University,Italy.

Authors have tested antiserum characteristigs
and selected the best working dilution(1:32x107).
They have determined which polystyrene tubes give
the best results.They have demonstrated that the
antiserum/tubes binding is fast even if not istan
taneous,and it barely depends on temperature,
achieving the maximum in 4h.at 4 as at 37C°;its
decrease at 37C° is closely connected to the in-
cubation time increase.Temperature affects antigen
antibody binding being higher at 37C° than at 4C°
and in 24h.achieves about 80Xmaximum.Blank check
proves a constant value at each cold-antigen con-
centration.To have a high binding capacity,a rem:
cent labeled antigen preparation is important but
a purification by gel filtration increases the
binding capacity of a previous preparation.It has
been proved that the binding capacity in the ran-
ge 30-5% does not affect the reliability.The check
of buffer(pH and molarity),washing solution,etc.,
has been proved to be important.The binding capa-
city of antiserum/coated tubes slowly decrease
when at-20C°;the tubes may be used-at least for
5-~6 months.Authors propose a standardized HGH so=
1id ~phase method according to the above data,and
they prove,by comparison with another separation
method,a high sensibility,precision,accuracy and
repetibility;on these characteristics there is a
reduction in time,cost and handling.

COMPARISON OF COMPUTER AND VISUAL INTERPRETATIONS OF LIVER
FLOW STUDIES. icente aride hamed A tar, Richard
P, Spencer. Sect. Nuclear Medicine (Radiology), Yale Univ.
School of Medicine; New Haven, Conn.
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To search for quantitative bases for interpreting liver
flow studies, 50 consecutive patients had the procedure
performed under a gamma camera which was coupled to a
magnetic tape system and a minicomputer. Following intra-
venous injection of Tc~Sulfur colloid, data points were
obtained at intervals of 2 seconds. Polaroid films were
also pulled at intervals of 4 seconds, after an 8 seconds
delay. From the taped data, analysis was carried out over
an area on the right lateral portion of the liver and an
equal area at the lower part of the heart. The time inter-
val between peak cardiac counts and the crossing of the
liver and heart activity curves was determined. When plot-
ted on probability paper, a break occurred at 50 seconds.
For the 36 patients on the first part of the line, the
mean time for crossing was 32 + 9 seconds. In the next 13
cases, the crossing time was 77 + 38 seconds (and in 1
instance, the curves did not cross). The initial slope of
rising hepatic activity was used to calculate the half-
time for accumulation, from A = Ag(l - exp At). Result-
ant half-times, plotted on probability paper, showed a
break at 30 seconds. For 38 cases on the first part of
the line, the value was T 1/2 = 19 + 5 seconds. In the
remaining cases it was 45 + 14 seconds. In 5 of the 50
cases, there was an early peak of activity over the liver
(nearly coincident with the aortic flow), detected by the
computer data. The early peak was followed by a fall,
and then a steady increase in counts. The visual readings
of the flow pictures showed agreement with the computer
data in 81% of the interpretations. False positives were
due mainly to renal activity. Computer aided detection
of early flow (not seen in 9% of the visual readings) may
be a useful adjunct.

A RAPID RADIOIMMUNOASSAY FOR TRIIODOTHYRONINE
IN UNEXTRACTED SERUM. Gary W.Carpenter and
Andrea S.Blum. University of California,San
Francisco Medical Center, San Francisco, CA.

The method of Gharib et.al. for the radio-
immunoassay of triiodothyronine has been modi-
fied from 96 hours at 4°C to an overnight sys-
tem combining both room and 4°C temperatures
with polyethelene glycol precipitation.

Results of the overnight assay, a three day
4°C polyethelene glycol precipitation, and the
Gharib method are compared. For this comparison
accuracy was determined by recovery of measured
amounts of triiodothyronine added to samples
and by sample dilution while reproducibility
was measured by within and between assay vari-
ation of selected samples.

Based on four months of clinical use in a
large thyroid practice mean values for euthyroid
hypothyroid, and hyperthyroid states were 145
(s.pn.28), 77(s.n.12), and 602(S.D.323) nano-
gram percent respectively.

The assay has proved both accurate and re-
producible in its assessment of thyroid status
in the patients studied and has the distinct
advantage of immediate results.

THE USE OF I-125 FIBRINOGEN IN THE DIAGNOSIS OF
DEEP VEIN THROMBOSES.R.F. Carretta,S.J.DeNardo,A.L
Jansholt,G.L.DeNardo,Sacramento Medical Center of
the University of California School of Medicine.

The use of I-125 labeled fibrinogen as a
screening procedure for deep vein thrombophlebitis
in high risk patients has been delayed in the U.S.
since the product has not received FDA clearance.
We have purified and tested a chemically suitable,
biologically active, and safe fibrinogen prepara-
tion at Sacramento Medical Center.An ongoing study
is presently being conducted to determine the ef-
ficacy of this I-125 labeled fibrinogen in the
early detection of deep vein thrombosis of the
lower extremities, and to determine the biological
stability of the labeled fibrinogen. Serial blood
samples were drawn to determine disappearance
curves and the amount of circulating labeled fi-
brinogen. Serial serum samples were evaluated for
total clottable fibrinogen.At least 90% of the la-
beled fibrinogen was present in the clot specimen.
The remaining 10% was divided between serum pro-
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teins and plasma.The stability of the labeled fi-
brinogen was also examined,and it remained stable
over a period of 4-6 days.50 patients have receiv-
ed I-125 labeled fibrinogen with the following re-
sults:44/50 patients had no clinical evidence of
thrombophlebitis in the lower extremities. A1l 44
patients had negative I-125 fibrinogen studies. 6
of the remaining patients had convincing clinical
evidence of wunilateral thrombophlebitis. Six pa-
tients had positive 1-125 fibrinogen tests. 5 of
the six abnormals were confirmed by venography.
This preliminary data suggests that the use of la-
beled fibrinogen as a screening procedure for low-
er extremity thrombophlebitis is both feasible and
clinically useful.

STUDIES OF RENAL UPTAKE KINETICS OF TRIIODOTHYRONINE (T3)
IN MAN USING A SCINTILLATION CAMERA. Ralph R. Cavalieri,
Charles Moser, Peter Martin, and Victor Perez-Mendez. VA
Hospital and University of California, San Francisco, Cal.

T3, the more important of the thyroid hormones, is
largely intracellular in distribution. Animal studies
show high T3 concentration in liver and kidneys. We have
devised a method to quantitate the kinetics of renal up-
take of T3 in man using a scintillation camera and compu-
ter. Following a localizing dose of 99mTc-Kidney Scinti-
graphin (MPI) , an iv infusion of 131I-T3 is given at rates
calculated to maintain a constant plasma level of 1311 for
60 to 90 min. A posterior camera view of the left kidney
is obtained during the infusion. Digitized data within
selected areas-of-interest (AOI) are collected from tape
playback. Cpm within the AOI over the entire kidney minus
cpm within an equal AOI over a nearby background region
yields an activity-time curve, Rpet(t), describing the
equilibration of 1311-T3 between plasma and kidney and
approximated by the function:

Rnet = A(1 - e-kt) + C

where A+C = the final asymptotic value approached by Rpet,
C = the time-zero value of Rpet, in cpm, and k = the rate
constant of equilibration, in min-l1. The above function
is fit graphically to the observed values of Rpet to ob-
tain estimates of A and k. The extravascular renal T3
space, V, in ml, = A/P x F, where P = the plasma concen-
tration of 1311-T3, in cpm/ml (a constant), and F = a
calibration factor determined from phantom measurements at
the proper skin-kidney distance for each subject. Uni-
directional plasma-to-kidney T3 clearance, Cl, in ml/min,
is given by V x k. Six subjects with normal renal func-
tion and various thyroid states have been studied to-date.
V varied from 110 to 360 ml, and Cl ranged from 4 to 37
ml/min (per kidney), correlating well with thyroid func-
tional status. These results are probably the first
quantitative data in humans on renal uptake of T3.

A COMPARATIVE STUDY OF CONTRAST DACRYOCYSTOGRAM (DCG) AND

NUCLEAR DCG. Tapan K. Chaudhuri, Gerald R. Saparoff,
Kenneth D. Dolan, and Tuhin K. Chaudhuri. University of

Iowa Hospital, Iowa City, Iowa.

The purpose of this paper is to present a comparative
study of conventional radiographic contrast DCG and radio-
isotope scanning of the lacrimal drainage system (hence-
forth called "Nuclear DCG"). A total of 17 contrast DCG and
24 nuclear DCG were performed in 12 patients. About 200 uCi
of Tc-99m-pertechnetate in 0.01-0,.05 ml sterile normal sa-
line vehicle was used as eye drop followed by sequential
scanning using a modified pinhole collimator which resulted
in excellent resolution of canaliculi, sac and the naso-
lacrimal duct. Eleven studies demonstrated obstruction in
the lacrimal drainage system in both contrast DCG and nu-
clear DCG. Three studies were normal in both techniques., Of
two patients who had dacryocystorhinostomy (DCR), one dem~-
onstrated patency of DCR and the other revealed unsuccess-
ful operation by isotope study which fitted well with fluo-
rescein dye test. Two studies were normal in contrast DCG
but abnormal in nuclear DCG. The reason for this discrepan-
cy is that x-ray DCG is performed under manual injection
pressure while the nuclear DCG is a physiological study mi-
micking normal state of tear drainage. With contrast DCG,
normal and extreme pathological obstruction can be demon-
strated., However, in functional block (e.g., abnormal "lac-
rimal pump" or partial stenosis of duct) where the system
irrigates freely, the nuclear DCG would be abnormal whereas
the contrast DCG would be normal. We, therefore, feel nu-
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clear DCG is superior to contrast DCG because (a) atrauma-
tic procedure, (b) better diagnosis of functional block,
and (c) smaller radiation dose to the lens. DCR is indica-
ted if the system does not irrigate and nuclear DCG shows
evidence of obstruction. In conclusion, nuclear DCG should
be a routine screening procedure to evaluate suspected lac-
rimal block. A postoperative nuclear DCG would also be a
valuable tool in assessing the success of DCR.

MEASUREgE:T OF GASTRIC EMPTYING TIME (GET) OF SOLID MEAL
USING 99™Tc-DTPA. Tapan K. Chaudhuri, Robert C. Heading,
Alan Gr 1d, and Tuhin K. Chaudhuri. University of Iowa
Hospitals, Iowa City, Iowa.

The purpose of this study is to test the suitability of
99WT._DIPA for use as an agent for determining GET of a
solid meal and to determine the normal gastric emptying T
value for a solid meal. In addition to its property of be-
ing nonabsorbable and nonadsorbable to the gastric mucosa,
Tc-DTPA also has the property of fair adsorbability to
solid meal, particularly corn flakes. This property was re-
vealed by in vitro studies involving centrifugation of a
mixture of cornflakes, gastric juice, milk and 99“Tc-DTPA,
and counting the supernatant. Using a standard solid meal
of 20 gm corn flakes with 15 gm sugar in 150 ml of milk
containing 500 uCi of 99mTc-DTPA, GET was determined in 8
normal volunteers each having three studies on three dif-
ferent days. None of the subjects were taking anticholiner-
gic drugs or had undergone previous gastrointestinal sur-
gery. The subjects were fasted overnight. Smoking was for-
bidden during this period. After consuming the meal (which
took about 2 min), the subjects were positioned supine un-
der the gamma camera. Sequential gastric scintiphotos were
collected every minute on a magnetic tape (using a PDP-8
computer interfaced with the camera) over a period of 30-60
‘min. At the end of the study, a dynamic readout of the (in-
tegrated count over the flagged gastric area) was obtained.
The GET curve was found to be monoexponential at least for
the first 60 min. The disappearance half-time:of Tc-DTPA
from the stomach in this group was found to be 37+5 min.
The T) values obtained by previous investigators are 33,70,
64, and 56 min. This difference may be explained by dif-
ferences in the technique, meal composition etc. For this
reason, each laboratory should set its own normal value us-
ing standard technique and then apply the same technique in
patients. In couclusion, 77®Tc-DTPA seems to be a suitable
marker for determining GET for solid meal.

SYNTHESIS OF RADIOIODINATED TETRACYCLINES: EVALUATION AS
TUMOR SCANNING AGENTS. Deg$! M. Chauncey, Samuel E. Halpern,
Naomi P. Alazraki. VA Hospital, San Diego, an versity
of California, San Diego.

Te?g?cycline and chlorotetracycline have been labeled
with I. Unusually high tagging efficiencies have been
obtained by careful control of the temperature and acidity
of the reaction medium. The antibiotic was heated at 65°
in acidic methanol for 2-3 hours. Upon termination of the
reaction, the solution contained less than 15% inorganic
jodide. Anion exchange produced a solution containing less
than 5% iodide. The stability of the labeled product was
determined under conditions applicable to the practical
clinical situation. The chemistry and synthetic procedure
will be discussed in detail.

The radiopharmaceuticals were evaluated in Buffalo rats
which had been implanted with hepatomas in their thighs.
Each rat was anesthetized with diethyl ether and the radio-
pharmaceutical injected intravenously. At varying times
post injection, the animals were sacrificed. A blood
sample was removed from a cardiac chamber through the chest
wall and the heart rapidly excised. The hepatoma was
immediately removed and samples taken from various areas of
the tumor. A tissue sample was taken from the normal thigh
for use as a control. The residual activity in each sample
was determined and the appropriate tumor to background ratbs
were found to vary widely dependent upon the particular
radiopharmaceutical and the time post injection at which
the animal was sacrificed. The most p‘qusing of the
jodinated tetracyclines appears to be I-tetracycline.
Tumor tissue to normal tissue ratios of 20:1 and greater
were found for this compound. Body distribution studies
suggest that iodinated tetracyclines may have definite
advantages as a tumor scanning agent.
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EFFICACY OF DIANABOL IN OSTEOPOROSIS AS DETERMINED BY
CHANGES IN TOTAL BONE MINERAL MASS. »
111, Wil B, Nelp and John D, Dennev. University of Wash-
ington Hospitals, Seattle, Washington

To assess the efficacy of Dianabol (methandrostenolone,
a synthetic anabolic steroid) in the treatment of osteo-
poresis, a two year double blind study was performed utili-
zing 26 post P 1 osteoporotic females - each with
radiographically demonstrated compression fractures and/or
extensive bone demineralization. Patients were treated
with either 5 mgm of Dianabol daily (treated group) or
placebo (control group). Drug efficacy was assessed pri-
marily by total body calcium (TBC) determination by
neutron activation analysis (NAA), a technique extensively
utilized at the University of Washington which essentially
measures total bone mineral mass and bone mass change
(calcium balance). NAA was performed initially and every
six months; regional bone mass measurement (RBM) by photon
densitometry was also performed.

Sixteen patients completed the 24 month study - six
placebo and ten treated. The six placebo patients over an
average 2.23 years lost an average 3.17% of their TBC
(range plus 1 - minus 9%), or =26.9 mgm/of calcium/day per
patient. In contrast the ten Dianabol treated patients
increased their TBC an average 2.0% (over an average 2.4
years) (range 0-+8%), or +17.5 mgm/day of calcium per
patient. TBC changes in the treated group were signifi-
cantly different from those in the placebo group, p value
< .005. Changes in RBM determinations performed after
initiation of therapy showed reasonable correspondence to
changes in TBC measurements.

It is concluded that the use of Dianabol in osteoporo-
sis resulted in a significant increase in total bone
mineral mass as compared to a control group, an original
and potentially valuable finding for the treatment of
osteoporosis.

59Fe-WHOLE BODY SCANNING, James H, Christie, Tuhin K.
Chaudhuri, Richard L. DeGowin, and James C. Ehrhardt,
University of Iowa, Iowa City, Iowa U.S.A.

The goals of this study were to develop an 59re scan-
ning system and to assess the usefulness of sequential
erythropoietic marrow scanning as a means of evaluating
the distribution and function of hemopoietic tissue in pa-
tients with hematological disorders, as well as in pa-
tients receiving radiation therapy for the treatment of
lymphoma. To that end, a collimator has been built which
allows whole body scanning with 10 uCi of 59Pe using a
conventional rectilinear scanner. Modulation transfer
function and line spread function of this collimator as
well as some other existing collimators have been com-
pared. Statistical fluctuations on the scan are minimized
with a large gaussian spot light shaper.

The system is useful for visualizing marrow distribu-
tion, assessing hemopoietic function, determining sites of
red cell sequestration and evaluating hepatic storage iron
deposition. Concomitant clinical, morphologic and ferro-
kinetic studies confirmed the findings obtained from 59Fe
whole body scanning. This technique distinguishes be-
tween focal and generalized hemopoietic insufficiency.
Thus, normal, hemolytic anemia, hemachromatosis, myelofi-
brosis, extramedullary hemopoiesis and ineffective ery-
thropoiesis can be distinguished from each other. Focal
ablation of erythropoiesis in the bone marrow following
radiation therapy can be easily demonstrated with 59Fe
whole body scanning. Preliminary studies suggest that
doses of irradiation commonly employed in the initial
treatment of malignant lymphoma may prevent repopulation
of bone marrow in radiated areas for at least 8 - 12
months.

STUDIES USING NITROGEN-13 AMMONIUM AND GLUTAMINE
AS TUMOR LOCALIZING AGENTS IN DOGS. Thomas R.
Christie, W. Gordon Monahan, Alan S. Gelbard,
Laurence P. Clarke, and John S. Laughlin.
Memorial Sloan-Kettering Cancer Center,New York.

Previous studies in mice have suggested that
13N-labeled ammonium and L-glutamine may be
applicable as tumor localizing agents. Sponta-
neously occurring tumors in dogs provide an
excellent model for their further evaluation.
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Approximately 10 millicuries of 13N-ammonium
chloride or 13N-labeled glutamine compounds were
given intravenously under sedation but not
anesthesia. 15 dogs were evaluated with the
ammonium, 9 with glutamine. All dogs had histo-
pathologically confirmed spontaneously occurring
neoplasms, 20 of the 24 studies were followed by
complete post-mortem examination. U4 mammary
adenocarcinomas, 3 lymphosarcomas, 2 osteogenic
sarcomas, 1 thyroid carcinoma, 1 thoracic meso-
thelioma, 1 myosarcoma, 1 rhabdomyosarcoma, 1
colonic adenocarcinoma, and 1 hemangiosarcoma
were studied with the ammonium; 3 osteogenic
sarcomas, 3 lymphosarcomas, 2 mammary adeno-
carcinomas, 1 hemangiosarcoma were scanned with
glutamine. Both agents showed tumor affinity.
Eleven of 15 studies with ammonium had direct
correlation between scans and post-mortem or
biopsy findings and 8 of the glutamine studies
showed significant correlation. Some dogs were
scanned with other agents for_comparison. These
studies support reports that 13N-labeled ammonium
and glutamine may have applications as tumor
localizing agents in certain neoplastic tissue
types. Glutamine may also have potential appli-

c?tigng tY gred ct and monitor the effectiveness
of' glutamlnase therapy.

PREPARATION OF IODINE-123 LABELED ROSE-BENGAL AND
ITS DISTRIBUTION IN ANIMALS.Be i Gaylor
King, and William M. Smoak. Mount Sinai Medical
Center, Miami Beach, Florida.

The primary photon energy of 159keV and a
thirteen hour half-life with resulting low patient
absorbed dose suggest that gamma camera imaging of
1-123 radiopharmaceuticals may prove superior to
present studies utilizing the available I-131 pro-
ducts. The major deterrents to the use of the
1-123 nuclide have been its unavailability in di-
agnostic quantities for routine use and disagree-
ment over potential image degradation due to the
1-124 contaminant.

Hundred millicurie amounts of I-123 as Sodium
Iodide with less than 1% of 1-124 at E.O.B. (End
of Bombardment) have been made available routinely
at the Mount Sinai Medical Center Cyclotron using
an enriched tellurium target. The separation of
iodine and the recovery of the irradiated tel-
lurium are described. With the availability of
higher yields of I-123, clinical quantities of
high specific activity radiopharmaceuticals were
prepared.

A rapid method for the efficient incorporation
of I-123 in the Rose Bengal molecule has been
developed. The product has a specific activity
of 1-2 mCi/mg with less than 3% iodide contamina-
tion. 1-123 Rose Bengal has been tested in ani-
mals and the images obtained vividly demonstrate
the benefits in anatomic detail of the liver,
billiary tree and gall bladder.

67Cu AS A LABEL FOR BLEOMYCIN. G. Coates, N. Aspin, P.Y.
Wong, and D.E. Wood. Toronto General Hospital and
University of Toronto, Toronto, Canada.

Labelled Bleomycin has been proposed as a tumour loca-
1lizing agent. Radionuclides used as_labels include tgiie
ﬁgh poor ical characteristics (?/Co T4 270D) or **‘In
BIn and c which are unstable in vivo. Since Bleomy-
cin in its natural state contains copper, whg h is removed
in purification, we have studied the use of °/Cu as a label
for Bleomycin. The purpose of this study is to report on
the labelling procedure, and the in vitro arnd in vivo
stability of 67 Cu-Bleomycin.

Copper-67 is produced by the reaction 67Zn(np)67Cu. and
the copper extracted from the zinc by anion exchange column.
Two units of bleomycin are disgolved in 1 ml. glycine-
buffer pH 3.5 and tracer free 7 Cu is added. Using thin
layer, paper and Sephadex G10 column chromatography no free

7Cu was observed immediately after labelling or after 4
days at 4°C, Copper-67 Bleomycin was incubated with human
plasma for 30 minutes at 37°C and the ture passed
through a Sephadex G-25 column. Copper-©7 eluted in the
bleomycin peak.
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-Jected radioactivity and a slow phase

The plasma clearance of 67Cu Bleomycin was compared to
that of 1111n-Bleo-ycin after intravenous injection into 3
dogs. Radioactivity in the liver was monitored using a
NaI(T1) detector. The clearance curves were analysed using
a least squares fit program. Plasma clearance of 1llin-
Bleomycin is described by a bi-exponential curve with a
fast phase T4 of 9 minutes, representing 75% of the in-
of 5 hours, 7Cu
Bleomycin clearance is also bi-exponential with a fast TS
of 12 minutes representing 75% of the injected radio-
activity the g ow phase T4 is however 60-90 minutes. 1In
this respect “/Cu-Bleomycin clears in an identical way to

Co-bleomycin. No increase in liver activity indicating
free copper was detected. We are now determining the organ
distribution of 97 cu Bleomycin in tumour bearing mice.

ABSORBED RADIATION DOSE DUE TO RADIONUCLIDIC IMPURITIES IN
Tc-99m OBTAINED BY DIFFERENT PROCEDURES. Lelio G.
Colombetti and W. Earl Barnes. Loyola Un‘versity Stritch
School o cine, Maywood, I11., and Veterans Administra-
tion Hospital, Hines, I11.

A comparative study has been made of the radiation dose
absorbed by the patient due to radionuclidic impurities
present in Tc-99m produced by elution, MEK extraction, sub-
limation, and cyclotron bombardment.

Concentrations of radionuclidic contaminants were derived
from original and published gamma-ray spectrometric measure-
ments made with NaI(T1) and Ge(Li) detectors. For each im-
purity the total body radiation dose to the patient was cal-
culated from data in MIRD publications assuming a homogene-
ous distribution of the radionuclide in the total body.

As expected, the type and concentration of radionuclidic
impurities found in Tc-99m varied widely with the production
method. Despite these variations, the radiation dose to
patients from impurities relative to that of Tc-99m was com-
parable for elution, MEK extraction, and sublimation:
elution (0.2%), MEK extraction (0.35%), sublimation (0.1%).
In the case of Tc-99m produced in the cyclotron by the
proton bombardment of Mo-100, the extraneous radiation dose
due to impurities was 27% that due to Tc-99m using 97% iso-
topically enriched Mo-100 target material. The use of a
Mo-100 target isotopically enriched to over 99% would
achieve a higher purity product and a greatly reduced rad-
jation dose.

PULMONARY PERFUSION DISTRIBUTION IN TRANSPOSITION
OF THE GREAT ARTERIES. James J.Conway and Alex-
ander J. Muster. The Children's Memorial Hospi-
tal, Chicago, Illinois.

Certain congenital cardiac abnormalities may
have an abnormal pulmonary perfusion distribution.
Those conditions implicated include tetrology of
Fallot and valvular pulmonic stenosis. In valvu-
lar pulmonic stenosis there is a preferential dis-
tribution of blood' flow to the left lung.

Pulmonary perfusion distribution has been cal-
culated in 41 childres with transposition of the
great arteries using 90T human albumin micro-
spheres. 1In 527 of the studies, the distribution
has been '"normal". 1In 32% of the studies, there
has been an abnormal preferential distribution to
the .right lung. The degree of perfusion abnorma-
lity has been graded, i.e. marked (82/18), mod-
erate (62/38), "normal" (55/45), and reverse
(50/50). The etiology for the abnormal preferen-
tial distribution to the right lung has been in-
vestigated and is thought to be due primarily to
the angulation of the pulmonary artery as it
arises from the "left ventricle'.

Compensatory circulation to the left lung has
been observed via the bronchiolar circulation
which can be estimated by comparing a peripheral
with a ventricular injection since the ventricul-
ar injection measures the true pulmonary distri-
bution and the peripheral injection includes the
bronchiolar contribution.
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RADIONUCLIDE DIFFERENTIATION OF A UNILATERAL
FLANK MASS IN THE NEWBORN PERIOD. James J.Conway,
Susan Luck, R. Bruce Filmer, and A.Barry Belman.
The Children's Memorial Hospital, Chicago, Il1l.

The most common renal mass lesions presenting
in the newborn period are; 1l.) multicystic kid-
ney; 2.) hydronephrosis; 3.) renal vein throm-
bosis; and 4.) renal hamartoma. The more fre-
quent lesions, multicystic kidney and hydroneph-
rosis, usually present as an incidental flank
mass. Both may appear avascular during the total
body opacification phase of intravenous urography
Some function may be observed on delayed roent-
genograms in hydronephrosis but not always. In
every instance of multicystic kidney (11) and hy-
dronephrosis (7), the lesion has appeared avas-
cular during the early phase of radionuclide
angiography. lgignificant function on delayed
studies with I Hippuran has been observed with
hydronephrosis but not with multicystic kidney.
In five instances, the removed multicystic kidney
had radioactivity within the cystic fluid but
this "function' has not been adequate to visua-
lize during imaging.

Neonatal renal hamartoma is an uncommon les-
ion which appears vascular during radionuclide
gggiography but generally does not function with

1 Hippuran.

Radionuclide studies with 99mTc DTPA and 1311
Hippuran allows an innocuous accurate differen-
tiation between these entities.

THE HOLE IN THE HEAD: AN ARTIFACT OF EARLY BRAIN
IMAGING. James J. Conway. The Children's Memo-
rial Hospital, Chicago, Ill.

Posterior brain images recorded in the supine
position immediately following radionuclide angio-
graphy will occasionally demonstrate an "avascu-
lar' area or areas just above the transverse sinu-
ses. The possibility of a cystic lesion in the
posterior aspect of the cerebrum was initially
considered but a "lesion'" was not verified. Sub-
sequently, it has been seen in at least twelve
other patients.

It was thought to be due to decreased perfus-
ion in that portion of the scalp pressing against
the camera collimator. This was proved during
two studies of ''brain death' where there was
documented absence of cerebral circulation. The
hole in the head phenomenon was pronounced since
the only circulation recorded was from external
carotid perfusion of the scalp. Images recorded
immediately after lifting the head several mm.
from the collimator resulted in disappearance
of the artifact as circulation was restored to
the compressed area of the scalp.

Awareness of this artifact may prevent con-
sternation in the interpretation of brain images.

MULTIORGAN STUDY USING PLURIRADIOPHARMACEUTICAL
LABELS. P. Czerniak and T.S. Zwas. Baruk Insti-
tute, Tel Hashomer, Israel.

Multiorgan study is developed because of the
necessity 1) To diagnose interorgan -~ space con-
ditions (phrenic, mediastinal); 2) To individu-
alize superposed or adjoining organs (liver -
spleen, skull - brain); 3) To obtain a simulta-
neous survey of several organs; 4) To shorten the
time and to reduce the exposure while more than
1 organ (system) should be examined.

The realisation is possible by: 1) Exploita-
tion of chronological and spatial changes in

localizations of a given radionuclide (99mTc02,
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K*I); 2) Use of various pharmaceuticals labelled
with the same radionuclide (TcO4 NagH, *Tc DP,

*Tc FeAA, *Tc MAA). 3) Simultaneous or sequen-
tial administration of more than one radiophar-
maceutical with various radiation energy and for
different target organs.

The performance of such studies is achieved
by rectilinear, dual or total body scanners and
scinticameras. Three technical requirements
should be observed: 1) Notification of anatomic-
topographic points on the body and on the scin-
tigraphic images; 2) Administration of adequately
calculated doses (to avoid overemanation of one
organ towards the other). 3) Establishment of
physiological sequence of organ visualization.

Several combinations were performed: Diagnosis
of space occupying lesions in the right or left
sub or overdiaphragmatic region; Pericardo-car-
dio-pulmonary and mediatinal conditions estab-
lished by a combined multiorgan simultaneous and
sequential visualization; aqueletal and soft
tissue lesions. More than 10 cases in each of the
6 clinical and laboratory combinations were col-
lected. The analysis of the cases shows the
diagnostic importance of this approach.

RADIONUCLIDE ANATOMY. Pinchas Czerniak and Hilel
Nathan. Dept. of Nuclear Medicine and Dept. of
Anatomy, Tel-Aviv University, Faculty of Medi-
cine, Sheba Medical Center, Israel.

The study of Post Mortem anatomy (PMA) is
hindered by ethic or religious reasons. The de-
veloped underground, lawless or law-abiding PM
dissections, sculptural, comparative, archaic,
museal, embalmment, experimental, filogenetic,
artistical, dye-injection anatomy are unable to
provide all the necessary anatomical information.

Anatomical patterns are different in livings
than in corpses. The physicians treat patients
of all ages, both sexes of various ethnic groups
and the in vivo anatomy (IVA) is important for
them with consideration of five parameters: mor-
phology, topography and their functional, ethno-
graphic and developmental normal variants.

IVA started with the condemned vivisection.
Practised physical examination of patients, sur-
gical and experimental anatomy constitute effi-
cient partial IVA studies. A progress is achieved
by X, 7¥-ray visualization of organs and systems.
25 years ago the roentgen anatomy began. We
started 4 years ago with teaching radioisotope
anatomy. The gammas of selective radiopharmaceu-
ticals, localized in 18 organs and 4 systems,
exhibit their morphology - topography and func-
tional, ethnic and developmental normal chrono-
logical or structural variations (a total of §
anatomical parameters).

We examined in 21,000 patients by scano-
scintigraphic methods 23,500 organs and systems.
18% or 4,140 of them were normal (2,500 thy-
roids, 990 livers, 90 stomachs, 120 kidneys, 30
subarachnoidal spaces, 40 biliary systems etc.).
The five parameters were examined and presented
to the students.

Research work is engaged in finding adequate
radiopharmaceuticals and methods for IVA of more
organs and systems.

TECHNETIUM 99 POLYPHOSPHATE BONE IMAGING IN
LEGG-PERTHES DISEASE. James A. Danigelis,

Robert L. Fisher, and Maer B. Ozonoff. Newington
Children's Hospital, Newington, Connecticut.

This investigation was undertaken to compare
the diagnostic usefulness of radionuclide bone
imaging techniques to standard radiographic
methods in the study of Legg-Perthes disease.
Pinhole images of satisfactory diagnostic quality
were obtained of both hips in the anteroposterior
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and frog lateral positions. Twenty-five patients
with Legg-Perthes disease and seven others
simulating it were studied.

In all Legg-Perthes patients a radionuclide
uptake deficiency was observed in the proximal
femoral epiphysis which we believe is related to
impaired blood supply. During later disease
stages reparative radionuclide activity was
observed in most patients at the margins of the
uptake defect. Neither size of uptake epiphyseal
defect nor extent of reparative process could be
accurately predicted from radiographic appear-
ance. There were no false negative bone image
findings in the seven non-Legg-Perthes cases.

Our image studies correlate well with publish-
ed histopathological investigations, indicating
to us that assessment of extent of pathological
involvement and disease course is facilitated by
this technique. Preliminary experience suggests
Tc-polyphosphate bone imaging has useful clinical
application in Legg-Perthes disease.

PHARMACOKINETIC STUDIES OF RADIOIODINE LABELED
ORGANIC MERCURIALS. Harold Deckart, Hermann
Herzmann, Annemarie Blottner, Horst Flentje and
Klaus-Dieter Schwartz. Klinikum Berlin-Buch (GDR)
and Academy of Science of GDR, Berlin-Buch and
Bezirkskrankenhaus Schwerin, GDR.

Pharmacokinetic studies on 131J- and/or 203Hg
labeled benzoic acid and benzene-sulphonic acid
derivatives have been performed in comparison
with 203Hg-Mersalyl with the aim to develop new
radiopharmaceuticals for static kidney scinti-
graphy.

Because of their high affinity for the kidneys
organic mercury compounds are used as radio-
pharmaceuticals for static kidney and brain
scintigraphy. The disadvantages of such com-
pounds are limited storage and low gamma-energy
in the case of 197Hg-compounds, a high radiation
dose in the case of 203Hg. The kinetic behaviour
of these mercury compounds is preserved when
they are labeled with radioiodine. The similar
chemical and pharmacological behaviour of com-
pounds containing stable mercury and radioiodine
makes it possible to label mercury compounds with
the more advantageous radioisotopes of iodine.

Examples of such benzoic acid and benzene-sul-
phonic acid derivatives are discussed: 203Hg-3-
chlormercuri-4-hydroxy-5-iodine-benzoic acid,
131J-3-chlormercuri-4-hydroxy-5-iodine-benzoic
acid, 3-131J-4-hydroxy-benzoic acid, 203Hg-3-
chlormercuri-4-hydroxy-benzoic acid. In the same
manner four benzene-sulphonic acid compounds
were labeled and their kinetic properties were
examined.

It is shown that the absence of mercury in
the aromatic ring leads to changed kinetic
behaviour. It is also shown that an affinity for
the kidneys results not only, as in the already
known aliphatic mercury compounds (chlormero-
drin, mersalyl for example), from an amino-
propyl-mercury group but also from a chlor-
mercury group in the aromatic ring. Even in
these radiopharmaceuticals we observed a partial
in vivo instability of the mercury bound.

OCOMPETITIVE RADICMETRIC ENZYMATIC ANALYSIS OF OXALIC ACID
IN URINE AND PLASMA, Frank H. Deland and Robert Tilden

Veterans Administration Hospital, Gainesville, Florida.

Unlike previous enzymatic analysis of oxalic acid,
this procedure takes advantage of competitive inhibition
under cmditioﬁ of saturation kinetics. Oxalic acid
competes with ~"C-labeled oxalic acid for a limited number
of ilable sites on a saturated decarboxylase enzyme.

(00,, released is thereby inversely related to known
cancentritions of oxalic acid. Quantitation is achieved
by means of a calibration cyrve. Evolution of CO, gas
is favored by a buffered pH 3.0 medium. The en: , oxalic
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acid decarboxylase (derived fram Collybia velutipes) is
stable and stochiometrically reactive under these same
conditions. Both liquid scintillation spectroscopy, and
§3s ionization have been adapted for quantitation of

C0,. Oxalic acid concentrations in both plasma and
uriné have been determined with this methodology. Plasma
has been analysed directly for oxalic acid with appropriate
controls and intemal standards for validation. Oxalic
acid is removed from urine by calcium precipitation prior
to analysis. Recovery of oxalic acid standards has been
found to be 100% in water and 90-95% in urine. Specificity
and technical simplicity of this radiometric method for
quantitating oxalic acid make it useful for both screening
and routine analysis. Cost of the procedure is
appreciably less than the standard chemical analysis
which requires two days to complete.

DIAGNOSTIC CRITERIA IN CISTERNOGRAPHY. Frank H. DelLand
University of Florida and Veterans Administration Hospital,
Gainesville, Florida.

In the evaluation of cerebral atrophy, NPH, and
probability of results from shunting procedures interpret-
ations of cisternograms have been generally based on
arbitrarily defined patterns which has left in doubt
a large indecisive grey zone. The purpose of this study
was: (1) correlate abnormal CSF circulatory patterns with
known physiologic principles and inferred applications
of these principles, (2) com