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Abstract. Using the specific absorbed fractions
reported by Smith and Warner, the radiation doses
absorbed by the embryo in early pregnancy were cal-
culated for various radiopharmaceuticals used in the
diagnostic procedures of nuclear medicine. Radio-
pharmaceuticals are considered which are excreted
predominantly through urine 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 ?°™Tc-
pertechnetate.

Introduction

A large number of women of childbearing age are
investigated using radiopharmaceuticals in the routine
practice of nuclear medicine. Sometimes the radioac-
tive drug is administered to a woman at the beginning
of her pregnancy before she is aware of her condition.

In early pregnancy the embryo is particularly sen-
sitive to irradiation. The dose to the embryo is caused
by penetrating radiation from the radioactivity in sur-
rounding tissues as well as by radiation from the
radioactivity distributed in the embryo. In the litera-
ture it is usually 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 calculation of the
radiation dose to the embryo by various radiophar-
maceuticals and with the assumption that the dose
to the embryo can be approximated by the gonad
dose (dose to the ovaries).
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Materials and Methods

Our calculation of the dose to the embryo in the period of the
organogenesis, i.e.. 10-41 days after conception, 1s 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 calculation
does not take into account the dose resulting from the placental
transfer of radioactivity to the embryo. The embryo 1s not ura-
diated by particulate radiations except when radioactivity is uni-
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:

Where 4, 1s the cumulated activity in the k-th source organ, S,
the values of the absorbed dose to the embryo per unit of cumulated
activity m the k-th source organ, and Siz. the absorbed dose to
the embryo per umit of cumulated activity i the whole body.
The cumulated activity A, 1s calculated as:

Aremz"iTB_ Z gk
h=a

Where Apg 1s the cumulated activity in the whole body, a, b,
¢, d, ... n denotes the source organs.

The calculation of absorbed doses was performed by computer.
The constants S, for 6 radionuclides, °°™Tc, '!In, *13mpn, 123]
1311, and '*3Xe, are given m a paper by Smith and Warner (1976)
For other radionuchdes. we calculated the values of S, using the
constants 4, from tables by Dillman and Von der Lage (1975)
and the mterpolated absorbed fractions from a table by Smith
and Warner. The cumulated activity in individual organs and m
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 shightly from those yielded by the simple
equation given above.

The specific absorbed fractions for the first three months of
pregnancy were also calculated by Cloutier 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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Results and Discussion

The results of our dose calculations are summarized
in Table 1, together with the gonad dose taken from
the literature (McEwan, 1974, MIRD Reports 1972,
1973, 1975, 1976). For a given radiopharmaceutical,
the same cumulated activity as that used for the calcu-
lation of the gonad dose was also employed to calcu-
late the dose to the embryo.

If the calculation includes the cumulated activity
in the bladder, besides that in individual organs such
as the stomach, 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 **™Tc-
pertechnetate, 2°™Tc-polyphosphate, °°™Te-glucon-
ate, 113™In-DTPA. This phenomenon, characteristic
of radiopharmaceuticals excreted predominantly 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 comparison
with the proximity of the ovaries. With 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 assumption that the embryo con-
tains no activity. In the event that radiopharmaceuti-
cals cross the placenta, the doses to the embryo would
be higher than those given in Table 1. However, no
human data are available on the activity contained
in the embryo in early pregnancy. Some information
can be gained from animal experiments performed
on rats (Hahn et al., 1977, 1978) and rabbits (Mahon
et al., 1973). From these experiments it follows that
the concentration of some radiopharmaceuticals
(57 Ga-citrate, **™Tc-polyphosphate, and similar ra-
diopharmaceuticals for bone scanning, albumine par-
ticles labeled with °°™Tc) in the embryo is almost
zero. If we assume that this finding also holds true
for humans, the dose to the embryo due to such
radiopharmaceuticals will be approximately the same
as that given in Table 1.

Unlike the radiopharmaceuticals mentioned,
29mTc-pertechnetate was found to cross the placenta
in experimental animals. On the basis of the measure-
ment of activity in mouse embryos, Lathrop et al.
(1976) estimated the dose to be approximately 1 rad
in the human embryo after administration of 10 mCi
99mTeOy . It is not clear whether these authors also
considered the irradiation of the embryo due to the
activity in surrounding organs. If they did not, the
dose to the embryo must be higher than what they
calculated. Hahn et al. (1977, 1978) measured the
content of *®*™Tc-pertechnetate in early rat embryos

Table 1. The calculated doses to the embryo after admunistration
of some radiopharmaceuticals. Biological data on °°™Tc-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 2°"Tc-EHDP or ?°*Tc-MDP

Radiopharmaceutical Typical Gonad Dose
admunistered dose to the
activity embryo
(rCi) (mrad) (mrad)

#9mTe-pertechnetate® 10,000 180 270

99mT¢-polyphosphate® 10,000 180 250

99mTe DTPA® 10,000 190 350

99mTe-sulfur colloid® 2,000 12 14

99mTe-gluconate” 2,000 36 68

87Ga-citrate® 2,000 520 500

113mIn DTPA® 10,000 200 350

75Se-methionine® 250 1,250 950

1311 odide® 5 0.7 0.75

2 MIRD (1976),
4 Lathrop et al. (1972),

® McEwan (1974),
© MIRD (1975)

¢ MIRD (1973),

Table 2. The gonad dose and the dose to the embryo after the
administration of 10 mCi ®*™Tc-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 human 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 administration of 10 mCi °°™TcOj , proba-
bly lies somewhere in the range of 0.2-1.3 rad. Fur-
ther experimental data on the passage of **™Tc-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
4, in individual source organs used for the calcula-
tion. Unfortunately, the cumulated activities are only
rarely reported and the data on the biologic distribu-
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tion and the excretion of some radiopharmaceuticals
are incomplete making their estimation impossible.
On the other hand, the difference between the dose
to the embryo and the gonad dose, existing for radio-
pharmaceuticals excreted predominantly in the urine,
will remain approximately the same as that in Table
1, even when other values of cumulated activity are
used.

It should be remembered that the calculation
presented assume the contents of the bladder to be
a fixed volume equivalent to 200 g. The dose to the
embryo and the gonad dose vary substantially, de-
pending on the daily urinary output, frequency of
voiding, bladder volume at the time of voiding, and
on other factors.

In conclusion, our results show that the radiation
dose to the embryo cannot be approximated by the
dose to the ovaries in early pregnancy. Since the
uterus lies in contact with the bladder, the dose to
the embryo may be significantly higher than that the
ovaries receive because some radiopharmaceuticals
are excreted predominantly through urine. This fact

may help to evaluate the risk of nuclear medicine -

procedures performed on pregnant women and may
have some implications for the use of the 10-day rule.
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