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Lettersto the Editor

Radiation Dosimetry in Radionudide
Hysterosalpingography with Technetium-99m

TO THE EDITOR: Two recently published papers have
addressed the question of radiation dosimetry concerns in
radionuclide hysterosalpingography with technetium-99m
(99mTc) microspheres or pertechnetate (1,2). The estimates of

the radiation dose to the ovaries, which is the principal target
organ of concern, differ substantially because of the different
assumptions which supported the estimates. In this letter, I
will examine these differences and draw some conclusions
about the range of dose estimates which might reasonably be
expected from this procedure.

McCalley et al. (1) presented radiation dose estimates for
the ovaries. These estimates were provided from our center,
and were based on assumptions given in a presentation to the
Society ofNuclear Medicine by Egbert et al. (3). Hyznar et al.
(2) presentedradiationdoseestimatesbasedon theirown
measurements and calculations. It should be noted that
Hyznar et al. administered [99mTcjpertechnetate,while
McCalley et al. administered @Tc-labeledmicrospheres [as
did Egbert et al. (3)].

The assumptions we used to provide the estimates to
McCalley et al. were that 15% ofthe injected activity went to
the ovaries, 65% went to the uterus and fallopian tubes, and
the remaining 20% remained in the vagina. Because serial
counts over these regions of interest at 30 and 60 mm showed
no decrease in activity, the activity was assumed to be removed
only by physical decay. The MIRD phantom (4) has no source
regions representing the uterus, fallopian tubes, or vagina; we
therefore used some approximations that would provide rea
sonable estimates of the dose from activity in these areas.
Reciprocity(5) was used to estimate the dose to the ovaries
from activity in the uterus and fallopian tubes (assuming that
activity in the fallopian tubes was in the uterus). The urinary
bladder was used to model activity in the vagina because of
the similarity in position. These two approximations are not
very important to the total dose to the ovaries because most
ofthe radiation dose is from self-irradiation. The total dose to
the ovaries using these assumptions is 1.5 mGy/MBq (the
estimate was incorrectly quoted in the article(l) as 0.75 mGy/
MBq to each ovary).

Hyznar et a!. (2) assumed that only 3% of the injected
activity reached the ovaries for estimating the ovarian self
dose. In estimating the dose from the uterus, they assumed
that 100% ofthe administered activity was in the uterus. They
measured the effective half-time for the @mTcin the entire
region to be 50 mm. Using these assumptions, they estimated
the dose to the ovaries from activity uniformly distributed
throughout the ovaries to be 0.048 mGy/MBq, which is about
a factorof 30 lowerthan the valuewe calculated(the activity
is a factor of 5 lower and the effective half-time is a factor of

@7lower).
If the activity remains on the ovarian surface,and is not

taken up by the ovaries, we have a much different dosimetry
situation. Hyznar et al. (2) estimated the dose to the tunica
albuginea (the thin layer of connective tissue that forms a

layer over the ovaries) by approximating the dose to the thin
ellipsoidal layer on the surface ofthe ovaries corresponding to
the maximum range of the @mTcelectrons (0.2 mm). The
ovaries in the adult female have been described for dosimetry
purposes as ellipsoids with half-axes of 1.17, 0.58, and 1.8 cm
(6).Thevolumeofeachovaryis5.1g;thevolumeofathin
layer of 0.02 cm thickness on the surface of one ovary would
be â€˜@-0.32g (the total target mass on both ovarieswould be
0.64 g). Ifall ofthe electron energy from @mTcwere absorbed
in this thin layer, the absorbed dose would be -@@20mGy/MBq
to the thin bayer, assuming 15% uptake and a 6-hr effective
half-time and @@.â€˜0.55mGy/MBq assuming 3% uptake and a
50-mm effective half-time. The radiation dose would not be
uniform throughout the layer, but would drop in an approxi
mately exponential fashion from the surfaceof the ovaries to
the maximum range of the electrons. Therefore, some areas
would receivea higherradiationdose than 20 mGy/MBq, and
most areas would receive a lower dose. The ovarian follicles
and the germinalepitheium, however,would receive no dose
from the electrons because they are more than 0.2 mm below
the surface. The photon dose from activity on the surface of
the ovariescannot be easily calculated,but would be less than
the photon dose from activity uniformly distributed through
out the ovaries. This latter quantity can be calculated by
subtracting the electron component from the self-irradiation
S-value (7). The estimated photon dose would be 0.32 mGy/
MBq for 15% uptake and a 6-hr effective half-time and 0.0 15
mGy/MBq for 3% uptake and a 50-mm effective half-time.

The major uncertaintiesin the estimates derived from this
analysis are in: (a) the fraction of administered activity in or
on the ovaries; (b) the effective half-time ofthe activity in the
region; and (c) the location of the activity (inside or on the
surface of the ovaries).

The differences in the fractional uptake may be attributable
to uncertainties in the definition of regions of interest or
uncertainties in calibration, or may reflect real differences in
the uptake ofthe two compounds. A faster removal half-time
for pertechnetate than for microspheres would not be an
unexpected finding. A third, independent study using both
compounds would help to determine whether or not a differ
ence in half-time exists.

The question of whether or not the activity is distributed
throughout or only on the surfaces of the ovaries cannot be
easily resolved through measurements. Animal experiments
could add some information. The microspheresare not likely
to be distributedthroughout the ovaries,becausethe arteries
feeding the ovaries are not involved. Pertechnetate, however,
has fairlyhigh mobility in biologic tissues, showing an ability
to cross the placenta in animals (8) and appear in human
breast milk after injection into the bloodstream (9). Therefore,
it might diffuse into ovarian tissues without involvement of
the blood vessels. Until this question is resolved, the conserv
ative assumption that the material is distributed throughout
the ovaries should probably be used.

Table 1 summarizes the radiationdoses to the ovaries that
would be predicted from these various assumptions. The
extreme values are different by two orders of magnitude,
showing the importance ofthe underlying assumptions. Much
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Disparity in Organ Masses Associated
with MIRD â€œ5â€•Factors

TO THE EDITOR: Since the mid-l970s, the nuclear medi
cine community has relied upon the relatively simple MIRD
method for calculation of absorbed doses. MIRD Pamphlet
No. 11 describes the formulation of â€œ5â€•factors based on an
anatomic phantom in which â€œthemasses assumed for the
organs and tissues ofthe body are given in Table 1â€•(1).

â€œ5â€•(absorbeddose per unit cumulated activity)is defined
as

4 rh
S(rk4â€”rh)=

I m@

WHERE@ = equilibrium dose constant,

â€˜l@= absorbedfraction,and

m = organ mass.

For self irradiation from particulateemissions,4i= 1, so the
equation can be simplified to

S(rk@â€”rk)=@@

Hence, for pure beta-emittingradionuclides(i.e., no photon
emissions so@ = 1), the organ mass that was originally used
in the determination of the â€œ5â€•factor can be calculated by

mk=
S(rk4â€”rk)

The organ masses associated with â€œ5â€•factors for each of
the pure beta-emitting radionucides listed in MIRD Pamphlet
No. 10 (viz., 3H, 14C, 32P, 355, @Ca,@Â°Sr,and @Â°Y)were
calculatedin this way. â€œ5â€•factors were taken from MIRD
Pamphlet No. 11 (1) and@ values were taken from MIRD
Pamphlet No. 10 (2). Organs with walls (i.e., 01 tract and
bladder), skin, bone, and uterus were not included. The organ
masses thus obtained are listed in Table 1 along with the
respective organ masses listed for the MIRD phantom (1).

Organ masses associated with â€œ5â€•factors for liver, lungs,
muscle, thyroid, and total body are in agreement with those
listed for the MIRD phantom. For adrenals, kidneys, ovaries,
pancreas, spleen, and testes, however, it is obvious that organ
masses associated with â€œ5â€•factors are equivalent to those
described for the ICRP â€œreferencemanâ€•(3) instead of those
listed for the MIRD phantom.

The organ mass associatedwith â€œ5â€•factors for the red
marrow appears to be variable. Although MIRD Pamphlet
No. 11 describes the special case of absorbed dose to the red
marrow from a particle emitter deposited in the bone, self
irradiationofthe red marrowis not explicitlydiscussed.It can
be reasoned, however,that a fraction of energetic particles
may escape from the marrow; thus, the absorbed fraction
wouldbe <1.0. ExaminationofTable 1demonstratesthat the
red marrow mass calculated by @/Sis related to the beta
energy; i.e., the higher the energy, the greater the calculated
mass. Apparently, however, the red marrow â€œ5â€•factors for
3H, â€˜4C,32P,â€œS,45C, @Â°Sr,and @Â°Yare based on a constant
mass of 1,500 g and incorporate an absorbed fraction of 1.0,
0.94, 0.66, 0.94, 0.88, 0.75, and 0.65, respectively.Thus, the
absorbed fraction is inversely related to the beta energy.

TABLEI
Variationin OvarianRadiationDoseDependingon

Locationof Activity,FractionalUptake(f),andEffective
Half-Time(t)
f=0.15,t=6hr f=0.03,t=0.83hr

Activityin ovaries 1.5mGy/MBq 0.048mGy/MBq
Activityon surface of 0.32 mGy/MBq 0.015 mGy/MBq

ovaries

more variation is due to the kinetic model (factor of 20 to
30), however, than to whether the activity is in or on the
ovaries (factor of 3 to 5).

ACKNOWLEDGMENT

This work was supported by Contract No. DE-ACO5-
0R00033 betweenthe USDOEand ORAU and Interagency
Agreement No. FDA 224-76-3016 with the FDA.

References

1. McCalley MG, Braunstein P, Stone S, Henderson P,
EgbertR. Radionuclide hysterosalpingographyfor evalu
ation offallopian tube patency. JNuclMed 1985; 26:868â€”
874.

2. Hyznar V, Heczko P, Husak V, et al. Indication and
clinical application ofradionuclide hysterosalpingography
using Tc-99m-pertechnetate. Acta Univ Palacki Olomuc
(Olomouc),FacMed 1984;107:185â€”193.

3. Egbert R, McCalley M, Stone 5, Braunstein P. Radio
nuclide hysterosalpingography: a promising new tech
nique for evaluation of fallopian tube patency [Abstract].
JNuclMed 1983; 24:P38.

4. Snyder W, Ford M, Warner G. Estimates of specific
absorbed fractions for photon sources uniformly distrib
uted in various organs of a heterogeneous phantom.
MIRD Pamphlet No. 5, Revised. New York: Society of
Nuclear Medicine, 1978.

5. LoevingerR, BermanM. A schemafor absorbed-dose
calculations for biologically-distributed radionucides.
MIRD Pamphlet No. 1. New York: Society of Nuclear
Medicine, 1968.

6. Cristy M, Eckerman K. Specificabsorbed fractions of
energy at various ages from internal photon sources. I.
Methods. ORNL/TM-8381/V1, Oak Ridge National
Laboratory, 1987.

7. Snyder W, Ford M, Warner G, Watson W. â€œ5,â€•absorbed
dose perunit cumulated activityforselectedradionucides
and organs.MIRD PamphletNo. 11.NewYork: Society
ofNuclear Medicine, 1975.

8. Wegst A, Goin J, Robinson R. cumulated activities de
termined from biodistribution data in pregnant rats rang
ing from 13to 21 days gestation. I. Tc-99m pertechnetate.
MedPhys 1983;10:841â€”845.

9. CoffeyJ, Watson E, Hubner K, Stabin M. Radiophar
maceutical absorbed dose considerations. In: Hladik W
III, Saha 0, Study K, eds. Clinical aspects of nuclear
medicine science. Los Angeles, CA: Williams and Wil
kins,1987.

Michael Stabin
Radiopharmaceutical Internal Dose

Information Center (RIDIC)
OakRidgeAssociatedUniversities
Oak Ridge, Tennessee

416 LetterstotheEditor TheJournalof NuclearMedicine




