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Cholescintigraphy with the Tc-99m iminodiacetic
(Tc-99m IDA) agents is nowa standard technique for
the evaluation of hepatobiliary disease. It is one of the
procedures of choice in the diagnosis of acute cholecys
titis (1 ,2), bile leakage (3), and enterogastric reflux (4).
It is a similarlyusefuladjunct in the diagnosisof chronic
cholecystitis (5) and in distinguishing medical from
surgical jaundice (6).

Several technetium-based pharmaceuticals were de
veloped for imaging the hepatobiliary system between
1970 and 1975 (7â€”10).Of these, Tc-99m HIDA
(dimethyliminodiacetic acid), along with the more re
cently developed agents, PIPIDA (para-isopropylimi
nodiacetic acid), and DISIDA (di-isopropyliminodia
cetic acid) have proved to be the most effective in this
service.

Biokinetic data and estimates of radiation burden for
these agents in animals and humans are available in the
literature (11.-i7). There are somediscrepanciesamong
the reported data, but the differences are mostly within
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experimental error. The major controvÃ³rsylies in the
estimates of radiation burden to the gallbladder wall.
Authors have reported that this dose,per injected mCi
of HIDA,wasas lowas 110mrad (15) or as highas 1880
mrad (1 7) for normal subjects without gallbladder
stimulation. Whereas an underestimation of the radia
tion burden will subject the patients to unexpected risks,
an overestimationwillcompromiseboth the quality and
diagnostic value of this procedure.

The present work applied a recently developed method
using a buildup-factor correction (18) to resolve the
differences and to measure more accuratel@@the biok
inetic behavior of HIDA in vivo for normal subjects and
forpatientswitha varietyof hepatobiliarydisorders.The
approach indicatesimprovedaccuracyof the measured
biological half-times of Tc-99m HIDA in various organs,
and has led to the revision of previously published
pharmacodynamic and dosimetric estimates (11).

MATERIALS AND METHODS

Following an overnight fast, an intravenous heparin
lock was inserted in one forearm, and Tc-99m HIDA was
administered in the opposite antecubital vein in an ac
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The pharmacodynamics of Tc-99m dlmethylimlnodiacetic acid were studied for
normal subjects and for patients wfth a variety of hepatobiliary disorders. It was
determined that, in normal subjects, â€œ45%@ the gallbladder agent bypassed the
gallbladderand was excreted directlyfrom the liver Intothe small IntestIne.This
bypassing of the gallbladder was even higher In patients with cystic-duct or corn
mon-ductobstrUction.Theradiationburdensto thegallbjadderwall andothercritl
cal organswere calculatedusingthe dynamicdata obtainedfrom patientswfth a
variety of gallbladderdisease.Thedoseto the gallbladderwall was foundto be
significantly lower than previously reported. Gallbladder ejection and clearance
characteristics when stimulated by food intake were studied for normal subjects.
Dosimetrycalculationsdemonstrateda fivefold reductionof absorbeddoseto the
gallbladderwall when the gallbladderwas stImulatedto contract usinga fafty
meal. Accordingly,a fafty meal Is recommendedfor patientsat the end of all gall
bladder imaging studies.
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TABLE1. DEMOGRAPHICDATAONSUBJECTSBilirublnlevelGroup

Subject Sex Diagnosis mg%
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laandlb 1 M Normalvolunteer 0.4
2 M Normalvolunteer 0.5
3 M Normalvolunteer 0.6
4 M Normal volunteer 0.6
5 M Normalvolunteer 0.7
6 M Normalvolunteer 0.5
7 F Nohepatobiliarydisease,normalpatient 0.3
8 F No hepatobiliary disease, urinary tract infection 0.6
9 F Bilereflux,pyloricchannelulcer 0.8

10 F No hepatobiliary disease, esophagftis 0.6
2 11 F Acutecholecystitis,completeobstructionof commonduct 0.6

12 M Alcoholiccirrhosis,ctwoniccholecystitis,pancreatitis,noobstructionprovenbysurgery 0.5
13 F Chroniccholecystftis,possiblegallstone 0.2

3 14 F Chroniccholecystitis,gallstone.commonbileductobstruction 4.5
15 M Clwoniccholecystitis,cirrhosis 2.5

tivity of 0.07 mCi per kilogram of body weight, or ap
proximately 5 mCi per patient. Sequential blood samples
of 1 ml each were drawn through the intravenous can
nula at 1, 3, 5, 15, 30, 60, 90, and 120 mm.

Total urine excretion was collected for 24 hr in sepa
rate pooled samples from 0-30 and 30-60 mm, and 1-2,
2-8, 8-16, and 16â€”24hr. Blood chemistry determina
tions were obtained within 48 hr before and after each
study.

The method for the measurement of activity in the
organs of interest follows the two-view (anterior and
posterior) technique described by Fleming (19), im
proved upon by introducing the buildup factor in order
to account for the considerable contribution of scatter
to measured gamma-camera count rates (18). The
method was shown to result in less than 1% error for
activity quantification at depths of clinical interest. The
patient was placed under the diverging collimator of a
gamma camera using a 30% window centered at 140
keY. The camera was interfaced to a digital computer
in which data were stored for subsequent analysis. Cot
ton patches of known activity were placed in a phantom
of tissue-equivalent material at known depths, and im
ages were obtained to provide a calibration reference in
cpm/@sCiso that the absolute activity in a region of in
terest could be calculated from the recorded camera
count rate. The activity on the patch was chosen to give
counts of the same order of magnitude as the counts from
the radiopharmaceutical in the organs studied. 1-mm
images for the subjects were obtained over the liver and
abdominal areas of interest at 5, 15, 30, 60, 90, 120, and
180 mm, in the supine position for all the patients and
also in the prone position for most of the normal subjects.
The anteroposterior thickness of the abdomen was
measured for all normal volunteers and patients.

Fifteen subjects were studied, including six normal
volunteers. Demographic data on these subjects are
shown in Table 1. Group I consisted of the six normal
volunteers and four patients with mild gastrointestinal
dysfunction, all having normal bilirubin levels. One had
a pyloric ulcer and bile reflux, and the other three had
normal hepatobiliary functions. In order to study the
gallbladder contraction and the subsequent changes in
gallbladder clearance when the gallbladder is stimulated
by food intake, two normal volunteers were given a glass
of protein-vitamin-mineral liquid at 1 hr after injection.
This group of two subjects is identified as Group lb.
whereas those without gallbladder stimulation are re
ferred to as Group la. Group 2 consists of patients with
moderate hepatobiliary dysfunctions, and Group 3 with
more severe dysfunctions. The three patients in Group
2 were suffering from either acute or chronic cholecys
titis but all had normal bilirubin levels (0.2 to 0.6 mg%).
Of the two patients included in Group 3, one had com
mon-duct obstruction and the other had cirrhosis. Both
had chronic cholecystitis and elevated bilirubin levels
(4.5 and 2.5 mg%). No gallbladder stimulants were given
to Group 2 and Group 3 patients.

RESULTS

Although the number of patients examined in this
study is small, the results are from patients who were
specifically selected to be representative of the three
patient groups described.

Bloodpool.Thetime-activitycurvefor thebloodpool
was obtained by counting the blood samples in a well
scintillation counter. The results are shown in Fig. 1.
There is only a slight difference in blood clearance rates
among patients in Groups 1 and 2, whereas for patients
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blood-pool component. In Groups 1, 2 and 3 it was found
to be 2.2 Â±1.2, 3.1, and 4.3 mm, respectively. T@ is the
biological half-time of the slow component, and was
determined to be 50 Â±7 mm for patients with mild
hepatobiliary disease (Groups 1 and 2) and 1.5 hr for
patients suffering from severe disease (Group 3). Pf and
PS were 0.93 and 0.07, respectively, for patients in Group
1, 0.89 and 0.1 1 for patients in Group 2, and 0.8 and 0.2
for patients in Group 3.

Essentially, 80â€”93%of the injected tracer clears the
blood pool very quickly with a half-time of 2 to 4 mm,
while the remaining 7â€”20%clears with a longer haLf-time
of 50 mm to 1.5 hr. depending on the bilirubin level and
the degree of hepatobiliary dysfunction. The exponential
equations, which are represented by the three curves in
Fig. 1,agree very well with the measured data. The curve
for normal subjects is in good agreement with that of
Loberg et al. (15). The decreased blood-clearance rates
with elevated bilirubin levelshave been found by Jansholt
et al. (12) in animal studies.

Kidneys. The urine samples and gamma images of the
kidneys taken in the prone position showed that the
kidneys excrete about 15%of the tracer, with a biological
half-time of 20 minutes in normal subjects. The uptake
increases with the bilirubin level and the degree of oh
struction of the biliary tree, in agreement with the lit
erature (13,14). For patients in Group 2, the kidneys
clear about 30% of the injected activity, and for Group
3, about 65%. The biological half-times in both groups
are normal.

Liver. Images were obtained with the patient lying
prone and supine. Regions of interest were drawn man
ually to obtain the anterior- and posterior-view count
rates. The activity in the liver was then determined,
based on the buildup-factor scheme developed by our
group (18).

The liver excretes between 35% to 85% ofthe injected
activity, depending on the bilirubin level and the degree

of obstruction. About 85% of the injected activity clears
through the liver in Group 1 subjects with a biological

S Groupl

â€”-...-â€” Groupfl
---&--- Group@

Â£
Â£

0
0
0
-J

z

>

C)
4
I-z
w
C)

w
a.

Â£

Â£

Â£
Â£

I 2
HOURS

FIG.1. Time-activitycurvefor Tc-99mHIDAin bloodpool,as
percentageof injecteddose,for all 3 patientgroups.Curvesare
least-squaresexponential fits.

with severe disease (Group 3), the activity clears the
blood pool at a slower rate. The decay-corrected activity
in the blood pool at various times A(t) may be approxi
mated by a double exponential curve with a fast and a
slow component:

A(t) = @@P@â€”O.693t/TBf+ PseO693t/T@S),

where the subscripts f and s represent the fast and slow
components, respectively, and A@is the injected activity.
TB@is the biological half-time of the rapidly clearing
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FIG.2. InstantaneousactivityofTc-99m
HIDAin liverat varioustimesafter injec
tion, for all 3 patient groups. Curves
(least-squaresexponential fits) are based
onbiologicalparametersshowninFigs.4
to 6. MINUTESPOSTINJECTION
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ance characteristics of a typical Group la subject. The
biological half-time of the nuclide in the gallbladder is
about 4 hr. However, when a glass of protein drink was
given at 1 hr after injection, the results as shown in Curve
2 for two patients (Group ib) were quite different. The
gallbladder ejected about 10 to 30% of its contents im
mediately, then excreted the remaining contents with a
biological half-time ofâ€•@20mm. The fourth subject was
given a 250-cc glass of 2.5N NaCl, which caused the
immediate ejection of about half of the gallbladder
contents (Curve 3). The remaining radioactivity was
excreted with a biological half-time of4 hr, the same rate
as the subject who did not receive any gallbladder
stimulation.

The tracer uptake by the gallbladder for patients in
Groups 2 and 3 is very low, so we assume no gallbladder
uptake in the dosimetry calculations.

Intestine. The tracer was found to leave the small in
testine with a biological half-time of about 2â€”3hr, which
is consistent with the data of Eve (20), who concluded
that the mean transit time through the small intestine
was 4 hr. assuming that the bolus of food material goes
through the GI tract at a constant rate. This value cor
responds to a biological half-time of 2.8 hr (21 ) if the
radiotracer clears the small intestine in an exponential
pattern. This result is obtained by setting the cumulated
activity integral equal to the 4-hr transit time reported
by Eve. In our dosimetry calculation, we used this value
of2.8 hr.

The mean transit times in the upper and lower large
intestine, according to Eve (20), are 14 hr and 24 hr.
respectively, corresponding to half-times of 10 hr and 17

hr, in an exponential excretion model.
Summary of pharmacodynamics.The uptake and

clearance patterns for the three groups are summarized
in Figs. 4 to 6. The radiopharmaceutical is assumed to
leave each organ exponentially, with the biological
half-time indicated. Whenever there are two possible
pathways (e.g., the gallbladder or small-intestine path
ways in Fig. 4, upper), the fraction of the radiophar
maceutical clearing into each pathway is the indicated
percentage (35% and 65%, respectively) of the activity
in the originating organ (liver) at that moment, except
in the case of the blood clearance. In the case of the blood
clearance, we assume that a fraction Pf of the injected
activity clears with a biological half-time of TB@and the
remaining fraction clears with a biological half-time of
T@,as described by Eq. (1).

Among the first group of ten subjects with normal
hepatobiliary function, eight did not receive galibbladder
stimulation, two were given a fatty meal at 1 hr after
injection. Their corresponding uptake and clearance
patterns are shown in Fig. 4.

Figures 5 and 6 outline the uptake and clearance
patterns for Group 2 and Group 3 patients, showing a
small difference in blood clearance but significant dif
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half-time of 45 mm, in agreement with reported values
(13,14). The time-activity curve is represented by the
solid curve in Fig. 2. In Group 2 patients the liver takes
up less of the injected activity (70%), but the clearance
rate is about the same. For patients suffering from severe
hepatobiliary dysfunction (Group 3), the liver uptake is
reduced to 35% and the biological half-time in the liver
becomes much longer (2 hours). The percent uptake
values shown in Fig. 2 refer to individual curve peaks for
each of the three patient groups, and are seen to be less
than indicated above due to simultaneous liver clear
ance.

Gallbladder. The tracer uptake and clearance char
acteristics for the gallbladder have been studied carefully
in order to obtain a more accurate estimate of the ra
diation dose to the gallbladder wall. In our earlier pre
liminary work, we reported that 20% of the Tc-99m
HIDA that passes through the liver will enter the gall
bladder on its way to the intestine (11). Later, when
more patients were included in the study, we found that
this value varied from 20% to 50%. In the dosimetry
calculation that follows, we assume an average value of
35%, in contrast to the value of 50% used by Brown et al.
(5). We feel that the lower figure is more realistic for
dosimetry calculation purposes. We have been able to
determine the tracer activity in the gallbladder to within
10% by refining the measurement technique (18).

Figure 3 shows the time-activity curves for four nor
mal subjects. Curve 1 represents the uptake and clear

HOURSPOST INJECTION

FiG. 3. Instantaneousactivity of Tc-99m HIDA in gallbladder in
c@'oupI sub@, @itt@@ @vittcutgallbladderstimulation. Curves
I and 2 are basedon biological parameters summarized in Fig. 4.
Curve3 Isempirical.(Allare least-squaresexponentialfits.)
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@URINE

FIG. 4. Pharmacodynamlcs of Tc-99m
HIDA in &oup la (upper) and Group lb
(lower) sub@, showing biological half
livesInv&Iousorgans.

DOSIMETRYMODELFORTc-99m-HIDA

URINE

FIG. 5. Pharmacodynamics of Tc-99m
HIDAin @â€˜oup2 patIents,showingblolog
Ical half-lives in various source organs.

Fig. 6. Pharmacodynamics of Tc-99m
HIDAin c@@oup3 patients, showing blolog
ical half-lives In various source organs.

FECES

FECES

ferences in liver retention and in the amount excreted
through the urinary tract and the liver-GI tract.

Dosimetry calculation. The cumulated activities in
various source organs for each of the three groups were
calculated using the uptake and clearance parameters
as summarized in Figs. 4 to 6. For the bladder we assume
that the biological half-time of the tracer is 2 hr. this
being shortened if the subject voids more frequently. The
activity in each organ as a function of time was first
obtained by computer processing of the pharmacodyn
amic data. The cumulated activity was then obtained by
numerical integration, and was also calculated analyti
cally by the method of Bernard and Hayes (22). The
values are in agreement in all cases. Numerical inte
gration was necessary for the case of gallbladder stim

ulation (Group ib). The results are listed in Table 2.
The dose to the target organs per unit administered

activity can be expressed, following the MIRD method
(19) as:

Dk.â€”h Sk.._hAh,

where Dk-h denotes the absorbed dose (mrad) to target
organ k due to source organ h, Sk._h is the S-factor for
organ h to organ k (mrad/zCi-hr), and Ah is the cu
mulated activity in organ h (mCi-hr).

The S-factors for the various source and target organs
of interest were taken from MIRD Pamphlet No. 11
(23), with the exception of the S-factors for the gall
bladder (24). These S-factors, shown in Table 3, are
different from previously reported values, e.g., S (liver
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Organ Group la @1ouplb soup 2 Group3

Targetorgan Sourceorgan
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TABLE2. RESIDENCETIMES(hr) IN VARIOUSORGANS

Liver

Gallbladder
Small intestine
Upper large

intestine
Lower large

intestine
Kidneys
Bladder
Total body

0.81
0.90
1.8

0.81
0.18
2.0

0.66
0
1.7

0.72
0
0.69

2.4 2.7 2.2 0.92

1.2
0.07
0.30
0.12

1.0
0.07
0.30
0.12

1.0
0.13
0.60
0.18

0.41
0.28
1.3
0.42

4â€” gallbladder contents) has been reported as 25

mrad/mCi-hr (17), whereas we find a value of 10.1
mrad/mCi-hr (24).

The total dose to target organ k (Dk) is given as:

Dk@ Dk@h.
h

The results are shown in Table 4 and are in good
agreement with previously published dosimetry values
(11-15).

DISCUSSION

We have found that the dynamic behavior of Tc-99m
HIDA depends on several factors, including the bilirubin
level in the blood pool, the degree of obstruction in the
cystic duct and the common bile duct, and the degree of
hepatobiliary dysfunction. The tracer initially clears the
blood stream at roughly the same rapid rate among the
different groups of patients, but after about half an hour,
the remaining activity clears much more slowly, with the
slowest rate found in patients with the highest bilirubin
levels.

The tracer normally clears into the liver-GI pathway,
with only a small fraction clearing into the urinary tract.
However, in patients with higher bilirubin levels, more
activity is observed in the urinary tract and less in the
liver. The result is an increasing radiation burden to the
kidneys without the benefit of a decrease in radiation
burden to the liver, because the rate of excretion from
the liver is much slower in patients with hepatobiliary
dysfunction.

For normal subjects who do not have fatty-meal
stimulation, the radiation burden to the gallbladder wall
is 490 mrad/mCi. This value is higher than the 110
mrad/mCi reported by Loberg et al. (15), but is con
siderably lower than the 1880 mrad/mCi value reported
by Brown et al. (17). The reasons for the higher value in
the Brown report are threefold (1 ). They assumed that
56% of the activity from the liver goes to the gallbladder,
whereas we used a figure of 35%, based on in vivo mea
surements using the buildup-factor correction. The
scatter contribution, if not corrected, tends to exagger
rate the activity localized in an organ like the gallbladder
(2). The S-factor (SGBW @â€”GBC) derived by Brown et al.

is about 33% higher than the value used in this work,
which was obtained by Bernard and Chen (24). The
calculation was based on the Monte Carlo transport code
using a mathematical phantom including the gallblad
der, which is the same method by which all the other
S-factors were obtained. Brown et al. calculated the
S-factor of the gallbladder using the tabulated absorbed
fraction for the liver as an approximation (3). The bio
logical half-time of the agent in the gallbladder used in
this work is 4 hr. This was obtained from measured data
shown in Fig. 3, and is in agreement with the literature
(13,14,16). Brown et al. (17) used a higher value of 6.8
hr, thus finding a higher cumulated activity and ab
sorbed dose in the gallbladder.

The radiation burden to the gallbladder wall is con
tributed mainly by the quantity of the radioactivity
collected in the gallbladder itself, and therefore is in
general quite low in patients suffering from cystic duct
or common duct obstruction. For other patients, the

TABLE3. GALLBLADDER-TO-ORGANS
VALUES FOR Tc-99m IN ADULTS(mrad/mCi
hr) (24) (SOURCEORGAN GALLBLADDER

CONTENTS)

Liver
Gallbladder
Small intestine
Upper large intestine
Lower large intestine
Kidneys
Bladder
Ovaries
Testes
Uterus
Totalbody

10.1
506.0

4.4
6.7
0.74
5.4
0.45
1.3
0.10
1.2
2.0
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TABLE4. ESTiMATEDORGANDOSE(mrad) PER mCi OF INJECTEDTc-99m HIDA, FOR ALL
PATiENTGROUPS

Liver
Gallbladderwall
Small intestine
Upper large

56.4
490.0
194.2

50.3
125.3
215.8

40.5
31.0

182.3

39.1
19.6
80.0

intestine 363.0 405.2 340.7 144.5
Lower large

intestine
Kidneys
Bladder
Ovaries
Testes
Uterus
Total body

214.0
41.1

113.2
68.7

6.1
45.8
14.5

223.0
34.2
65.8
70.7
4.8

43.7
16.4

251.5
32.1
67.8
78.6
5.2

47.7
16.5

96.4
62.8

210.8
36.9

8.0
36.4
10.1

absorbed dose to the gallbladder wall is 0.49 rad per
administered mCi if the content of the gallbladder is not
drained after the camera images are obtained. The ra
diation burden to the gallbladder wall is reduced by a
factor of five if a glass of protein drink is taken by the
patient at 1 hr after injection. For this reason, we rec
ommend that a fatty meal be taken by patients at the
completion of gallbladder imaging studies whenever
induced emptying of the gallbladder is not part of the
study.

Due to the lower uptake and delayed clearance by the
liver in Group 3 patients, the cumulated activities in the
intestines are significantly lower, resulting in lower ra
diation burdens to the intestines as well as to the ovaries
or testes.

The radiation burden to the kidneys and bladder in
creases with the bilirubin level because of increased
HIDA clearance through the urinary tract, but the levels
are quite low (Table 4). The urinary bladder dose may
be further decreased if the patient is instructed to void
frequently, particularly within the first 2 hr after injec
tion.

The radiation burdens to the whole body and other
reproductive organs are very low.

REFERENCES

1. WEISSMANN HS, FRANK MS, BERNSTEIN LH, et al:
Rapid and accurate diagnosis of acute cholecystitis with
99mTCHIDA cholescintigraphy. Am J Roenigenol 132:
523â€”528,1979

2. CHENGTH, DAVIS MA, SELTZERSE, et al: Evaluationof
hepatobiliary imaging by radionuclide scintigraphy, ultra
sonography, and contrast cholangiography. Radiology
133:761â€”767,1979

3. WEISSMANN HS, CHUN KJ, FRANK M, et al: Demon
stration of traumatic bile leakage with cholescintigraphy and
ultasonography. Am JRoentgenol 133:843â€”847,1979

4. MALMUD LS, TOLIN R, MENIN R, Ct al: Detection and
quantitation of bile reflux following Bilroth II surgery: In
Proceedings ofihe World Federation ofNuclear Medicine
and Biology, Second International Congress, Washington,
DC, 1978, p 123 (abst)

5. EIKMAN EA: Radionuclide hepatobiliary procedures: when
canHIDA help?JNuclMed 20:358-361,1979

6. KLINGENSMITHWC, JOHNSONML, KUNICC, et al:
Complementary role of Tc-99m-diethyl-IDA and ultrasound
in large and small duct biliary tract obstruction. Radiology
138:177â€”184,1981

7. HARVEYE,LOBERGM, COOPERM: Tc-99m-HIDAa new
radiopharmaceutical for hepato-biliary imaging. J Nucl Med
16:533, 1975 (abst)

8. KRISHNAMURTHY GT, TUBIS M, ENDOW JS, et al:
99mTc..p@nici1lamine A new radiopharmaceutical for
cholescintigraphy. J Nucl Med 13:447, 1972 (abst)

9. STADALNIKRC, MATOLONM, JANSHOLTAL, et al:
Technetium-99m pyridoxylideneglutamate (P.G.) choles
cintigraphy. Radiology 121:657â€”661,1976

10. EIKMAN EA, CAMERON JL, COLMAN M, et al: A test for
potency of the cystic duct in acute cholecystitis. Ann Intern
Med 82:318â€”322,1975

11. WU RK, REILLEY J, APPLEGATE G, et al: Tc-99m-HIDA
dosimetry in patients with various hepatic disorders. J Nuci
Med 21:P87, 1980 (abst)

12. JANSHOLTAL, VERA DR, KROHN KA, et al: In vivo ki
netics of hepatobiliary agents in jaundiced animals. Pro
ceedings of the Second International Symposium on Ra
diopharmaceuticals, Radiopharmaceuticals II. New York,
Society Nuclear Medicine, 1979, pp 555-564

13. WISTOWBW, SUBRAMANIANG, GAGNEGM, et al:
Experimental and clinical trials ofnew Tc-99m-labeled hep
atobiliary agents. Radiology 128:793-794, 1978

14. BROWN PH, KRISHNAMURTHY GT, BOBBA VR, et al:
Dosimetry of Tc-99m-HIDA based on quantitative data in
normal subjects. J Nucl Med 21:P87, I980 (abst)

15. LOBERG MD, BUDDEMEYER EU: Application of phar
macokinetic modeling to the radiation dosimetry of hepato
biliary agents. In Proceedings Third International Radio
pharmaceutical Dosimetry Symposium, FDA # 81-8166,
Bureau of Radiological Health, Rockville, MD, 1981, pp
318â€”332

Volume 25, Number 8 911



WU, SIEGEL,RAUNER, AND MALMUD

16. BROWN PH, KRISHNAMURTHY GT, BOBBA VVR, et al:
Radiation dose calculation for Tc-99m HIDA in health and
disease.JNuclMed 22:177â€”183,1981

17. BROWN PH, KRISHNAMURTHY GT, BOBBA VR, Ct al:
Radiation dosecalculationfor fiveTc-99m IDA hepatobiliary
agents.I NuclMed 23:1025â€”1030,1982

18. WU RK, SIEGELJA: Absolutequantitationof radioactivity
using the build-up factor. Med Phys 11:189-192, 1984

19. FLEMING iS: A technique for the absolute measurement of
activity using a gamma camera and computer. Phys Med Biol
24:176â€”180,1979

20. EVE IS: A review of the physiology of the gastrointestinal
tract in relation to radiation dosesfrom radioactivematerials.
HealthPhys12:131â€”161,1966

21. SIEGEL JA, WU RK, KNIGHT LC, et al: Radiation dose

estimates for oralagents used in upper gastrointestinal disease.
JNuclMed 24:835â€”837,1983

22. BERNARDSR, HAYES RL: Doseofvarious segments of the
GI tract. In Medical Radionuclides: Radiation Dose and
Efftcts, Proceedings ofSymposium, U.S. Atomic Energy
Commission,1970,pp 294-314

23. SNYDER WS, FORD MR. WARNER GG, Ct al:@@
sorbed dose per unit cumulative activity for selected radi
onuclides and organs, MIRD Pamphlet No. 11. New York,
SocietyofNuclearMedicine,1975

24. BERNARD SR. CHEN SM: Dose to the gallbladder from a
@â€œTclabeledgallbladderagent. In ProceedingsThird In

ternational Radiopharmaceutical Dosimetry Symposium.
FDA #81-8166, Bureau of Radiological Health, Rockville,
MD, 1981,pp546â€”553

New Orleans, Louisiana

The SouthwesternChapter of the Societyof Nuclear Medicinewill hold its 30th Annual Meeting March 28-31, l985@Sheraton
New Orleans Hotel, New Orleans, LA.

The program will include submitted papers, invited speakers and teaching sessions covering areas of current interest in
nuclear medicine.The programwill be approvedfor credft towardthe AMA PhysiciansRecognitionfr@ardContinuing Medical
EducationCategory1 throughthe Societyof NuclearMedicine.

Scientificand CommercialExhibitswill be shownat this meeting.

The Southwestern Chapter annual nuclear medicine refresher course will be held March 28@29, 1985.The course will
include reviews of basic science, instrumentation, radiopharmaceuticals and in vftro and diagnostic imaging techniques.
Nuclear medicine scientists, technologists and physicians interested in a state of the art review are invfted to attend.

For further information contact:

SouthwesternChapter
1209Lair Avenue

Metairie, LA 70003
Tel: (504)733-0063

October 11â€”14,1984 Monterey,California
Doubletree inn and Monterey Convention Center

The 9th Annual Western Regional Meeting will be held at the MontereyConventionCenter and the Doubletree Inn Thursday,
October 11 to Sunday, October 14, 1984.

Drs. William Beierwaltes, Philip Alderson, Leon Kaufman, and Michael Goris will head a group of invfted presentations.
Dr.Beierwaftes will deliver the Taplin Lecture and Dr. Markus Schwaiger has been selected as the recipient ofthe Norman
D. Poe Award. Frances Neagley is the recipient of the Technologist Award. Dr. John Max Wgel will receive the @stern
Regional Chapters, Society of Nuclear Medicine Distinguished Contributions to Nuclear Medicine Award and Dr. Richard
Wasnichwill makethe presentation.Therewill be ten refreshercourses;and 66 contributedpapershavebeenselected
for presentation. Commercial exhibfts are invfted.

For further information or registration materials, please contact: Justine J. Parker,P.O.Box 40279,San Francisco, CA94140.
Tel: (415)647-1668or 647-0722.
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