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Abstract. Using the specific absorbed fractions 
reported by Smith and  Warner ,  the rad ia t ion  doses 
absorbed by the embryo  in early pregnancy were cal- 

culated for various radiopharmaceut ica ls  used in the 
diagnost ic  procedures of nuclear  medicine.  Radio-  
pharmaceut ica ls  are considered which are excreted 
p redominan t ly  through ur ine and cause the doses to 
the embryo  to be 40% 90% higher than gonad 
doses. Also discussed are large differences of doses 
reported by various authors  to the embryo  by 99mTc- 
pertechnetate.  

Introduction 

A large n u m b e r  of women  of chi ldbear ing age are 
investigated using rad iopharmaceut ica ls  in the rout ine  
practice of nuclear  medicine.  Sometimes the radioac- 
tive drug is adminis tered to a w o m a n  at the beg inn ing  
of her p regnancy  before she is aware of her condi t ion.  

In  early pregnancy the embryo  is par t icular ly sen- 
sitive to i r radiat ion.  The dose to the embryo is caused 
by penet ra t ing  rad ia t ion  f rom the radioact ivi ty in sur- 
r ound ing  tissues as well as by rad ia t ion  from the 
radioact ivi ty dis t r ibuted in the embryo.  In the litera- 
ture it is usual ly assumed that  the dose to the embryo 
is similar to or equal  to the gonad  dose (Sear, 1974: 
Ellis et al., 1977). 

In  our  paper  we deal with the calculat ion of the 
rad ia t ion  dose to the embryo  by various radiophar-  
maceuticals  and with the assumpt ion  that  the dose 
to the embryo  can be approximated  by the gonad 
dose (dose to the ovaries). 

OffprbTt requests to Dlpl. Ing. V. Hu~fik, CSc., Department of 
Nuclear Medicine, Umverslty Hospital, 775 20 Olomouc, Czecho- 
slovakia 

Materials and Methods 

Our calculation of the dose to the embryo in the period of the 
organogenesls, i.e., 10-41 days after conception, is based on the 
specific absorbed fractions calculated by Smith and Warner (1976) 
for the phantom of a standard hermaphrodite weighing 70 kg. 
We shall review shortly the basic assumptions made by Smith 
and Warner The uterus is not enlarged in early pregnancy and 
the presence of a placenta could be neglected. The calculahon 
does not take into account the dose resulting from the placental 
transfer of radioactivity to the embryo. The embryo is not ~rra- 
diated by particulate radiations except when radioactivity is um- 
formly distributed in the whole body. The bladder is assumed 
to contain 200 ml of urine. 

We calculated the absorbed dose to the embryo as follows: 

D= i AkSk-~-AremSTB 
k=a 

Where Ak is the cumulated activity in the k-th source organ, $I~, 
the values of the absorbed dose to the embryo per unit of cumulated 
activity in the k-th source organ, and STB. the absorbed dose to 
the embryo per unit of cumulated activity m the whole body. 
The cumulated activity ~lre m 1S calculated as: 

Arom=~iTB-- ~ ~ik 
h - a  

Where ATB lS the cumulated activity in the whole body, a, b, 
c, d .... n denotes the source organs. 

The calculation of absorbed doses was performed by computer. 
The constants Sk for 6 radlonuclides, 99mTc, ll~In, 113mIn, 123I, 
131I, and 133Xe, are given m a paper by Smith and Warner (1976) 
For other radionuchdes, we calculated the values of Sk using the 
constants A, from tables by Dlllman and Von der Lage (1975) 
and the interpolated absorbed fractions from a table by Smith 
and Warner. The cumulated activity m indwidual organs and in 
the total whole body were taken from a report by McEwan (1974), 
MIRD Reports (1973, 1975, 1976), and the MIRD study by Lath- 
rop et al. (1972). 

For calculating the embryo dose we also used the more compli- 
cated equation derived by Roedler and Kaul (1975), but the results 
obtained differed only slightly from those yielded by the simple 
equation given above. 

The specific absorbed fractions for the first three months of 
pregnancy were also calculated by Cloutler et al. (1976) We did 
not attempt to use them in our calculations, although a comparison 
with those of Smith and Warner would be Interesting. 
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R e s u l t s  and D i s c u s s i o n  

The results o f  our  dose calculations are summarized 
in Table 1, together  with the gonad  dose taken f rom 
the literature (McEwan,  1974, M I R D  Repor ts  1972, 
1973, 1975, 1976). Fo r  a given radiopharmaceut ica l ,  
the same cumula ted  activity as tha t  used for  the calcu- 
lation of  the gonad  dose was also employed to calcu- 
late the dose to the embryo.  

I f  the calculation includes the cumula ted  activity 
in the bladder,  besides that  in individual organs such 
as the s tomach,  large intestine, spleen, liver, and thy- 
roid gland, then the dose to the embryo  is significantly 
higher than the gonad  dose. This is the case for  99mTc- 
pertechnetate,  99mTc-polyphosphate, 99mTc-glucon- 
ate, a13mIn-DTPA. This phenomenon ,  characteristic 
o f  radiopharmaceut ica ls  excreted predominant ly  in 
the urine, can be easily explained by Smith and War-  
ner model  (1976) which takes into account  the closer 
proximity  of  the embryo  to the bladder  in compar i son  
with the proximity o f  the ovaries. Wi th  regard to 
all the uncertainties concerning the calculations, the 
difference between the gonad  dose and the dose to 
the embryo  in early pregnancy is not  too  great, but  
it should be taken into account.  

The doses to the embryo  recorded in Table 1 are 
calculated under  the assumpt ion  that  the embryo con- 
tains no  activity. In the event that  radiopharmaceut i -  
cals cross the placenta, the doses to the embryo  would  
be higher than those given in Table 1. However ,  no 
h u m a n  data  are available on the activity contained 
in the embryo  in early pregnancy.  Some informat ion  
can be gained f rom animal  experiments performed 
on rats (Hahn  et al., 1977, 1978) and rabbits (Mahon  
et al., 1973). F r o m  these experiments it follows that  
the concent ra t ion  o f  some radiopharmaceut icals  
(67Ga-citrate, 99mTc-polyphosphate,  and similar ra- 
diopharmaceut icals  for  bone  scanning, albumine par- 
ticles labeled with 99mTc) in the embryo  is almost  
zero. I f  we assume that  this finding also holds true 
for  humans,  the dose to the embryo  due to such 
radiopharmaceut ica ls  will be approximately  the same 
as that  given in Table 1. 

Unlike the radiopharmaceut icals  ment ioned,  
99mTc-pertechnetate was found  to cross the placenta 
in experimental  animals. On the basis o f  the measure- 
ment  o f  activity in mouse  embryos,  La th rop  et al. 
(1976) est imated the dose to be approximate ly  1 rad 
in the h u m a n  embryo  after adminis t rat ion o f  10 mCi  
99mTcO2. It  is no t  clear whether  these authors  also 
considered the irradiat ion o f  the embryo  due to the 
activity in sur rounding organs. I f  they did not,  the 
dose to the embryo  must  be higher than what  they 
calculated. H a h n  et al. (1977, 1978) measured the 
content  of  99mTc-pertechnetate in early rat  embryos  

Table 1. The calculated doses to the embryo after administration 
of some radiopharmaceuticals. Biological data on 99mTc-polyphos- 
phate reported by Subramanian et al. (1975) suggest that the dose 
to the embryo from this radiopharmaceutical could be about 
400 mrad/10 mCi of administered activity. An even higher dose 
results from 99mTc-EHDP or 99mTc-MDP 

Radiopharmaceutical Typical Gonad Dose 
administered dose to the 
activity embryo 
(~tCi) (mrad) (mrad) 

99mTc_pertechnetate a 10,000 180 270 
99mTc_polyphosphat e b 10,000 180 250 
99mTc_DTP A b 10,000 190 350 
99mTc-sulfur colloid b 2,000 12 14 
99mTc_gluconateb 2,000 36 68 
6 v Ga-citrate c 2,000 520 500 
113min_DTPAb 10,000 200 350 
75Se-methionine d 250 1,250 950 
131 I-iodide e 5 0.7 0.75 

" MIRD (1976), b McEwan (1974), 
d Lathrop et al. (1972), e MIRD (1975) 

c MIRD (1973), 

Table 2. The gonad dose and the dose to the embryo after the 
administration of 10 mCi 99mTc-pertechnetate according to various 
authors. There is a difference between our calculation and that 
of Smith and Warner because we did not use the same cumulated 
activity in the bladder 

Author Gonad dose Dose to 
the embryo 

(mrad) (mrad) 

Our calculation according - 270 
to Smith and Warner 

Smith and Warner (1976) - 390 
Lathrop et al. (1976) - 1,000 
Hahn et al. (1977, 1978) - 230 
Publication HEW 77-8035 180 - 
Roedler and Kaul (1975) 200 - 
ICRP publication 25 200 - 
Mian et al. (1977) 167 - 

and estimated the dose to the h u m a n  embryo to be 
23 mrad/mCi .  Table 2 shows that  there are large dif- 
ferences in the doses given by various authors.  It 
is only possible to assume that  the dose to the embryo,  
after the adminis t rat ion of  10 mCi  99mTcO,,, proba-  
bly lies somewhere  in the range of  0.2-1.3 rad. Fur-  
ther experimental data  on the passage of  99mTc-per- 
technetate into the embryo are needed in order  to 
assess the dose more  accurately. 

The reliability of  the doses stated in Table 1 de- 
pends, of  course, strongly on the cumulated  activity 
-4k in individual source organs used for the calcula- 
tion. Unfor tunate ly ,  the cumulated  activities are only 
rarely reported and the data  on the biologic distribu- 
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t ion  a n d  the  e x c r e t i o n  o f  s o m e  r a d i o p h a r m a c e u t i c a l s  

a re  i n c o m p l e t e  m a k i n g  the i r  e s t i m a t i o n  imposs ib l e .  

O n  the  o t h e r  h a n d ,  the  d i f f e rence  b e t w e e n  the  dose  

to  the  e m b r y o  a n d  the  g o n a d  dose ,  ex is t ing  fo r  r ad io -  

p h a r m a c e u t i c a l s  exc re t ed  p r e d o m i n a n t l y  in the  ur ine ,  

wil l  r e m a i n  a p p r o x i m a t e l y  the  s a m e  as tha t  in T a b l e  

1, even  w h e n  o t h e r  va lues  o f  c u m u l a t e d  ac t iv i ty  are  

used.  

I t  s h o u l d  be  r e m e m b e r e d  t h a t  the  c a l c u l a t i o n  

p r e s e n t e d  a s s u m e  the  c o n t e n t s  o f  the  b l a d d e r  to be  

a f ixed  v o l u m e  e q u i v a l e n t  to  200 g. T h e  dose  to  the  

e m b r y o  and  the  g o n a d  dose  v a r y  subs t an t i a l ly ,  de-  

p e n d i n g  on  the  da i ly  u r i n a r y  ou tpu t ,  f r e q u e n c y  o f  

vo id ing ,  b l a d d e r  v o l u m e  at  the  t ime  o f  vo id ing ,  a n d  

on  o t h e r  fac to rs .  

In  c o n c l u s i o n ,  o u r  resul ts  s h o w  tha t  the  r a d i a t i o n  
dose  to  the  e m b r y o  c a n n o t  be  a p p r o x i m a t e d  by  the  

dose  to  the  ova r i e s  in ea r ly  p r e g n a n c y .  S ince  the  

u t e rus  lies in c o n t a c t  w i t h  the  b l a d d e r ,  the  d o s e  to 

the  e m b r y o  m a y  be  s ign i f i can t ly  h i g h e r  t h a n  t h a t  the  

ova r i e s  rece ive  because  s o m e  r a d i o p h a r m a c e u t i c a l s  

a re  exc re t ed  p r e d o m i n a n t l y  t h r o u g h  ur ine .  Th is  fac t  

m a y  h e l p  to e v a l u a t e  the  r isk o f  n u c l e a r  m e d i c i n e  

p r o c e d u r e s  p e r f o r m e d  on  p r e g n a n t  w o m e n  a n d  m a y  

h a v e  s o m e  i m p l i c a t i o n s  fo r  the  use  o f  the  10-day rule.  
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