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Abstract

The absorbed dose in the uterine wall and fetus of a woman
with three months of gestation submitted to renal studies
with 9" Tc-DTPA, ?"Tc-DMSA, and ?"Tc-MAG3 was
calculated. For the dosimetric calculation, the MIRD
methodology and the anthropomorphic representation of
the maternal organs due to Stabin were used. The highest
dose absorbed by the uterine wall and the fetus were
obtained with the use of %™Tc-MAG3. The organ of
biokinetics that contributes to the highest dose is the
bladder. The lowest dose absorbed by the uterine wall and
the fetus were obtained with the use of 2" Tc-DMSA. The
organ of biokinetics that contributes the highest dose is the
“rest” of organs.
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Resumen

Se calculd la dosis absorbida en la pared uterina y feto de
una mujer con tres meses de gestacién sometida a estudios
renales con 9" Tc-DTPA, %"Tc-DMSA y %" Te-MAGS.
Para el calculo dosimétrico se usé la metodologia MIRD y
la representacion antropomérfica de los érganos maternos
debido a Stabin. La mayor dosis absorbida por la pared
uterina y el feto se obtuvieron con el uso del Y™ Tc-MAG3.
El 6rgano de la biocinética que contribuye con la mayor
dosis es la vejiga. La menor dosis absorbida por la pared
uterina y el feto se obtuvieron con el uso del *™Tc-DMSA.
FEl érgano de la biocinética que contribuye con la mayor
dosis es el “resto” de érganos.

Palabras clave: Dosimetria MIRD, pared uterina-feto, " Tc-(DTPA,
DMSA y MAG3).

Introduction

When a radiopharmaceutical is administered to a pregnant woman,
the estimation of absorbed dose to the uterine wall /fetus is essential
due to the high sensitivity of developing fetal tissues [I].

Radiation exposure to the uterine wall/fetus occurs when the
administered radiopharmaceuticals cross the placental barrier
spreading in the tissues of the uterine wall /fetus; if the administered
radiopharmaceuticals do not cross the placental barrier, the
exposure is due to external irradiation from radiopharmaceuticals
present in the mother’s organs and tissues. The chemical and
biological properties of radiopharmaceuticals are the determining
factors for crossing the placental barrier [2].

9mTe is the most suitable radioisotope for the labeling of different
pharmaceutical products that allow obtaining a wide range of
studies. %" Tc minimizes the absorbed dose in patients [3].

Radiopharmaceuticals ~ 9"Tc-(MAG3),  “"Tc-(DTPA)  or
99mTe-(DMSA) were used to perform renal function studies.
These labeled compounds are distributed in the patient’s organs
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according to their biokinetics (organs of biokinetics). In pregnant
patients, the uterine wall and the fetus are exposed to radiation
emitted by %™Tc, radiation from the female biokinetics organs, or
the labeled compound from its placental transfer.

The dosimetric behavior of radiopharmaceuticals is related to their
residence times in the organs/tissues, as well as their biokinetics,
which in turn is related to the differences in the biological and
physical excretion mechanisms.

The biokinetic models used in the estimation of the absorbed dose
for organs/tissues, as well as the radiopharmaceutical data are
available in the literature [4, [5]. To estimate the absorbed dose
to the uterine wall and the fetus was used the MIRD method and
the Stabin’s anthropomorphic representation of organ biokinetics
[0 [7]. Fetal uptake and placental transfer of the administered
radiopharmaceutical are included in the biokinetic data in terms
of residence time, organs/tissues from Oak Ridge National
Laboratory [§].

The purpose of the present study was to estimate the lowest
absorbed dose of radiation in the uterine wall and fetus of a patient
with three months of gestation who performs renal studies with
9mPe DTPA, 99" Te-DMSA, and " Tc-MAG3. To determine the
procedure that administers the lowest absorbed dose, the MIRD
methodology and the anthropomorphic representation of maternal
organs and tissues described by Stabin were used.

Materials and Methods

The %™ Te, which is the most suitable radioisotope for the labeling
of different drugs, decays through isometric transition by gamma
emission, with an energy of 140 keV and a half-life of 6 hours.
Gamma radiation can transfer energy directly to one of the most
strongly bound electrons, expelling it from the atom, a process that
is called internal conversion [9].
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The photons and particles produced ionize and excite matter, but
their interaction mechanisms are different, as well as their scope
within tissues. In the MIRD procedure, the uterine wall and fetus
were assumed as target organs and the absorbed dose per unit
activity of the administered radiopharmaceutical was calculated.
The MIRD equation can be expressed as:

Dyphotons(wall uter/ fetus) Z

o Z Aj®j(wall uter/ fetus < i)Ti

J
(1)

On the right side of the equation, the absorbed dose represents
the dose to the uterine wall and fetus due to source organ i, Aj
is the average energy of photon j emitted by Tc%™ by decay,
®j (wall/fetus < i) is the fraction of energy emitted by organ
i that is absorbed by the wall/fetus; it is also known as the
specific absorbed fraction (SAF), and T, is the residence time of
the radiopharmaceutical in the source organ 1.

The absorbed dose, in rad/uC1, in the fetus due to the electron
conversion and Auger electrons were calculated using the equation:

Ao = Liparticle

Dparticte(fetus < fetus) _ — <TB> x 2.13 [rad/uCi]  (2)
mrpBp

where Epam-cle is the average energy of the particle, Trp is the
residence time of the Radiopharmaceuticals in the whole body and
mrp is the mass of the whole body of an adult. In the previous
equation we consider 1 [rad/uCi] = 270 [mGy/M Bq].

The SAF of the uterine wall and fetus and of the biokinetics source
organs, such as the kidneys, bladder, placenta, and the “rest” of
the tissues were obtained from Stabin [7].

The residence times for %™Tc-DTPA, %™Tc-DMSA, and
99mPe_MAG3 in kidney, bladder, placenta, fetus, and the “rest”
of organs used in the calculations are shown in Table [1] [§].
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Organ T T T T
9mTe.DTPA  9mTc-MAG3  9"Tce-DMSA 99" Tc-DTPA
(3 months) (nonpregnant)
Kidney 0.092 0.0757 3.81 0.092
Bladder 1.84 3.33 0.316 1.84
Remainder organs 2.84 0.232 2.94 2.84
Fetus 0.000605 - 0.026 -
Placenta - - 0.182 -

TABLE 1. Residence times, in hours, for the organs of biokinetics of the
9m Te_DTPA, 99 Te-DMSA, and %™ Tce-MAGS3 radiopharmaceuticals.

Tables 2| and [3|show the characteristics of the photons and particles
emitted during the " Tc decay that were used in the calculation
of the dose [10].

Ek nk/des Ak =213 N Ek

Photons (rad — g)

MeV -

(MeV) (uC'i — hr)
o 0.1405 0.8906 0.2665

Gamma Radiation

0.1426  0.0002 0.0001
0.0183  0.021 0.0008
Characteristic Radiation 0.0184  0.040 0.0016
0.0206  0.012 0.0005

TABLE 2. Characteristics of the photons emitted in the °°™ Tc decay.

The mass of the organs included in the biokinetics of the pregnant
woman used in the calculations indicates that the mass of the fetus
(M fetus) 1s 458 g and the mass of the whole body (mrg) is 58000 g
(ORNL/TM —12907).
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Particles  Ex(MeV) ny/des ng « By, Eparticle = Y Mk « B,
(MeV/des) (MeV/des)
0.1195 0.088 0.01052

0.1216 0.0055 0.00067

0.1375 0.0107 0.0015

0.01446
. 0.1396 0.0017 0.00024
Conversion
electrons 0.1400 0.0019 0.00026
0.1404 0.0004 0.00006
0.1421 0.0003 0.00004
0.0016 0.746 0.0012
0.0022 0.102 0.00022
Auger 0.00054
Electrons

0.0155 0.0207 0.00032

TABLE 3. Characteristics of the particles emitted during the 9™ Tc decay.

Results

Using the MIRD methodology and the biokinetic characteristics of
9mTe.DTPA, %" Tc-DMSA, and " Tc-MAGS3 in the target organs
(uterine wall and fetus) and source organs (bladder, kidneys, the
rest, and the placenta), the absorbed dose was calculated in the
uterine wall and fetus.

The Table 4] shows the values of the absorbed dose absorbed by the
fetus of 03 months, due to the photons and particles emitted by
99me,

Table |5| shows dose values absorbed by the uterine wall and the
fetus, considering the dose contributions for each of the maternal
biokinetic organs (source organs).

Tables[6]and [7]show the values of the dose absorbed by the fetus and
the uterine wall, respectively, considering for their calculation, the
dosimetric contributions of the gamma photons, and X-radiation
characteristic generated by the organs of biokinetics.
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RFM Emissions D(fetus < fetus)/ D(fetus < i)/Ap* Sub-total Total
Ao (mGy/M Bq)
;’fm““"f L.114E-05
hotons 0.0087 0.0087
(94.5%) (95.26 %)
Characteristic 7 8F-07
Te 9m Radiation o 0.14E-03
(DTPA) ’
Conversion Electrons 4.18E-04
4.38E-04
o - 19
Auger 0.9E-04 (4.74%)
Electrons
g’f‘mm? 4.8E-04
1otons 3.65E-03 4.16E-03
Characteristi (79.2%) (90.0 %)
‘haracteristic
Tc 9m Radiation 0-16E-04 4.60F-03
(DMSA) :
Conversion Electrons 0.436E-03
0.452E-03
rer B 10.0%
Auger 0.016E-03 (10.0%)
Electrons
Gamma )
Photons
- 1.355E-02
Characteristic
Tc %9m Radiation - P
(MAG3) 1.355E-02
Conversion Electrons -
Auger ) )
Electrons B

* i: organs of biokinetics

TABLE 4. Absorbed dose per unit of administered activity (mGy/MBq) of
radiopharmaceuticals: ™ Te (DTPA, DMSA, and MAGS) in the 03 months’
fetus.

Discussion

In renal function studies, the highest dose absorbed by the uterine
wall and fetus of a woman at 03 months’ gestation occurs when
9mTe-MAG3 is used, while the lowest dose is obtained when
9mTec-DMSA is used (Table [5).

When %9"Tc-MAG3 is used, the biokinetic source organ that
contributes the highest dose to the uterine wall /fetus is the bladder,
contributing 0.017 mGy/MBq / 0.01343 mGy/MBq, respectively
(Tables [5] - [7). The dose in the uterine wall and fetus due to
the activity of %™Tc-MAG3 is the bladder, it constitutes the
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Organ D/Ao (uterine wall < i) * | D/Ao(fetus < i) *
RFM source i
Bladder 9.77E-03 7.421E-03
“Rest” 1.76E-03 1.260E-03
DTPA Kidney 2.79E-05 2.594E-05
Fetus - 0.430E-03
TOTAL DOSE 1.155E-02 9.14E-03
Bladder 1.68E-03 1.274E-03
“Rest” 1.82E-03 1.304E-03
DMSA Kidney 1.15E-03 1.074E-03
Fetus - 0.95E-03
Placenta 0.00E+4-00 0.00E+4-00
TOTAL DOSE 4.65E-03 4.60E-03
Bladder 1.77E-02 1.343E-02
“Rest” 1.42E-04 1.020E-04
MAG3 Kidney 2.29E-05 2.134E-05
TOTAL DOSE 1.784E-02 1.355E-02

* i: organs of biokinetics

TABLE 5. Absorbed dose per unit of administered activity (mGy/MBq) of the
radiopharmaceuticals: °°™ Tc for DTPA, DMSA, and MAGS3, in the uterine

wall /fetus.
Gamma Total Dose
. Gamma X-Character A
RFM D(fetus +i)/Ao Radiation | Radiation I:z;éilacmn (mGy/MBq),
D(fetus < kidney) /Ao 2.134E-05 3.807E-10 2.134E-05
MAG3 D(fetus < bladder) /Ao | 1.335E-02 8.439E-05 1.343E-02 1.355E-02
D(fetus < “rest”) /Ao 1.013E-04 7.246E-07 1.020E-04
D(fetus « kidney) /Ao | 1.074E-03 | 1.916E-08 | 1.074E-03
DMSA D(fetus < bladder) /Ao | 1.266E-03 8.008E-06 1.274E-03 3.653E-03
D(fetus < “rest”) /Ao 1.295E-03 9.262E-06 1.304E-03
D(fetus < bladder) /Ao | 7.3747E-03 4.6639E-05 7.421E-03
D(fetus “rest”) /A 1.251E- 947E- 1.260E-
DTPA (fetus < “rest”) /Ao 51E-03 8.947E-06 60E-03 8.706E-03
D(fetus < Placenta) /Ao | 0.000E+00 0.000E4-00 | 0.000E+4-00
D(fetus « kidney) /Ao | 2.594E-05 4.627E-10 2.594E-05

TABLE 6. Absorbed dose of %™ Te (DTPA, DMSA, and MAGS), in the fetus,
due to gamma photons and characteristic X-radiation that come from organs

of biokinetic.
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. Gamma
RFM D(uterine wall Gamma | X-character | p_ 4iacign | Total Dose
+i)/Ao Radiation | Radiation X
D(uterine wall +— bladder) /Ao | 9.704E-03 6.455E-05 9.769E-03
DTPA D(uterine wall < kidney) /Ao 2.789E-05 5.985E-10 2.789E-05 1.155E-02

D(uterine wall <— “rest”) /Ao 1.717E-03 3.801E-05 1.755E-03
D(uterine wall + kidney) /Ao 2.294E-05 4.924E-10 2.295E-05
MAG3 D(uterine wall < bladder) /Ao | 1.756E-02 1.168E-04 1.768E-02 1.784E-02
D(uterine wall < “rest”) /Ao 1.391E-04 3.078E-06 1.422E-04
D(uterine wall < bladder) /Ao | 1.667E-03 1.109E-05 1.678E-03
DMSA D(uterine wall <— “rest”) /Ao 1.778E-03 3.935E-05 1.817E-03 4.650E-03
D(uterine wall < Placenta) /Ao | 0.000E4+00 | 0.000E+00 | 0.000E+00

D(uterine wall < kidney) /Ao | 1.155E-03 2.478E-08 1.155E-03

TABLE 7. Absorbed dose of Y™ Tc (DTPA, DMSA, and MAGS), in the in
the uterine wall, due to gamma photons and X-characteristic radiation, which
comes from organs of biokinetics.

main source of irradiation to the fetus, this contribution can be
decreased if the amount of the radiopharmaceutical in the bladder
is reduced by hydration of the patient prior to radiopharmaceutical
administration [11] .

When 9" Tc-DMSA is used, the organ that contributes the highest
dose to the uterine wall and fetus is the “rest” of organs,
contributing 0.0018 mGy/MBq / 0.0013 mGy/MBq, respectively

(Tables [f] - [7).

When "Tc-DTPA is used, the organ that contributes the highest
dose to the uterine wall and fetus is the bladder, contributing
0.00977 mGy/MBq / 0.0074 mGy/MBq, respectively (Tables [5}[7).

The gamma emitters that come from the “remainder” and the
bladder are those that contribute most to the dose of the uterine

wall and fetus. The contribution of X-characteristics is very
insignificant (Tables [6]- [7).

The placental transfer produced by %™Tc-DMSA to the
fetus generates a dose (auto-dose) of 0.95E-03 mGy/MBq
and represents approximately 20% of its total dose.
Only 10% of this dose corresponds to the produced by the
9mTe conversion electrons + Auger electrons deposited in the
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fetus, while the remaining 10% is due to characteristic gamma
photons and X-rays (Tables [4] - [5).

When DTPA is used, the placental transfer also occurs, increasing
the dose to the fetus (auto dose) by just 5 % of its total. Electronic
conversion + Auger electrons of the %™Tc deposited in the fetus
produce 4.47 % of this dose, and the remaining 0.12% is due to
characteristic gamma photons and X-rays. When MAG3 is used,
no placental transfer occurs [g].

In general, the dosimetric contribution of the organs that are part
of the biokinetics to the uterine wall and fetus for the %9™Tc
radiopharmaceuticals (DMSA, MAG3, and DTPA) are basically
due to the gamma radiation emitted by the %™ Tc (Tables @ - .

During pregnancy, the risk due to the use of radiopharmaceuticals
depends on the stage of pregnancy and the dose absorbed by the
fetus. The risk is most relevant during organogenesis and the early
fetal period [12].

Conclusions

The absorbed dose in the uterine wall and fetus of a woman
with three months of gestation submitted to renal studies with
9mTe.DTPA, "Tce-DMSA, and *™Tce-MAG3 was calculated.
For the dosimetric calculation, the MIRD methodology and the
anthropomorphic representation of the maternal organs due to
Stabin were used. The highest dose absorbed by the uterine wall
and the fetus were obtained with the use of *™Tc-MAGS3. The
organ of biokinetics that contributes to the highest dose is the
bladder. The lowest dose absorbed by the uterine wall and the
fetus were obtained with the use of %™Tc-DMSA. The organ of
biokinetics that contributes the highest dose is the “rest” of organs.
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