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Although radionuclide hysterosalpingography (RNHSG) has
been suggested as an efficient procedure for assessing func
tion of fallopian tubes, the radiation dose to the ovaries was
addressed as an important issue to be taken into considera
tion. We describe a modified method of RNHSG, calculating
the radiation dose to the ovaries. A small dose of approxi
mately 18.5 MBq (0.5 mCi) of [99mTc]pertechnetate was ad

ministered directly into the uterine cavity without overpres
sure. The accuracy of the method was 84.5% as compared
with the contrast hysterosalpingography. The estimated av
erage dose to the ovaries was 0.057 mGy/MBq (0.21 rad/
mCi) or 1.08 mGy (108 mrad) per study. RNHSG is an
accurate method for functional study of fallopian tube patency
with low radiation dose.
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I turralde and Venter first described how 99mTc-labeled

albumin spheres were transported from the vagina to the
peritoneal cavity and ovaries (1). Since then, radionuclide
hysterosalpingography (RNHSG) has been tried in a few
medical centers (2-4). However, the procedure has not
become widely used. Compared with contrast hysterosal
pingography (HSG), RNHSG was reported to deliver a
higher dose of radiation to the ovaries. Some authors have
reservations about the use of radionuclide hysterosalpin
gography (5). In this study, we describe a modified method
for RNHSG, and compare the results to contrast hyster
osalpingography, both for detection of tubai patency and
for estimated radiation burden.

MATERIALS AND METHODS

Twenty-eight of 29 patients (aged 26-36) included in this study
were investigated by contrast HSG and RNHSG for infertility.
An additional patient underwent RNHSG only. Images of the
RNHSG of this patient were used only for estimation of the
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radiation dose to the ovaries and not for comparison with the
contrast HSG.

Contrast HSG was performed using the conventional method
with 10-20 ml Angiografm (Schering). The RNHSG was per
formed in the late follicular phase within 1 mo of the contrast
HSG. After signing an approved consent, the patient was placed
in the lithotomy position for the RNHSG. About 18.5 MBq (0.5
mCi) of [99mTc]pertechnetatein a small volume of less than 1 ml
was injected slowly into the uterine cavity through a Frayman's

tube. Injection was undertaken carefully to avoid overpressure.
It took approximately 10 sec to complete the injection. The
patient was then placed in a slight Trendelenberg position under
a gamma camera (Apex 609, Elscint) equipped with a low-energy
general-purpose collimator. A series of anterior 1-min images was
obtained immediately and every 5 min up to 1 hr.

The normal pattern of the image obtained was an area (in
most cases triangular in shape) with high activity representing the
uterus. There were two smaller areas lateral and superior to the
uterus on both sides corresponding to the activities in the regions
of fimbria and ovaries. The two areas usually began to be visu
alized in the immediate or 5-min image. The activity in these
areas cleared more rapidly than that in the uterus (Fig. 1). If a
fallopian tube was not patent, there was no significant activity
seen around the region of ovary (Fig. 2) and the diagnosis of an
obstructed tube was made. There was usually some activity noted
in the vagina.

Images from 18 to 29 patients who completed the RNHSG at
1 hr were used for radiation dose estimation. A region of interest
(ROI) was placed circumscribing the regions of right and left
ovaries (if present) and uterus and vagina, respectively. A count
was obtained for each ROI in each image. In two cases, there was
spillage of radiotracer into the peritoneum. The activity in the
peritoneum was included in the activity of the ovary adjacent to
it. The total injected activity was expressed as the sum of counts
from the ROIs of ovaries, uterus and vagina in the immediate
image. As pertechnetate might diffuse into tissues, we assumed
that the administered activity was distributed uniformly in the
source organs immediately after the injection. The percentage of
activity reaching the ovary was calculated as the ratio of count of
the ovary with maximal ovarian count in the series of images to
the total injected activity. Decay correction was made. The per
centages of activity reaching the uterus and vagina were calculated
in the same manner. A time-activity curve was plotted for the
ovaries, uterus and vagina, respectively. Each time-activity curve
approximated a monoexponential curve. Following curve fitting
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the target organ. Assuming that the right and left ovary were
equal in shape and mass, S(rk <â€”rh) was equal to S(rk Â«â€”RB),
mTB was equal to 2mRB, and mh was equal to mRB. The above
equation could be expressed as:

I
FIGURE 1. Representative images from a patient with patent
fallopian tubes at 1 min (upper left), 10 min (upper right), 30 min
(lower left), and 50 min (lower right). The activities around the
ovaries (0) cleared more rapidly than the activities in the uterus
(U) and vagina (V).

with the least-squares method, the effective half-time for the
ovaries, uterus, and vagina could be measured, respectively.

Mean organ dose (D) to ovaries from free pertechnetate activity
"2Â°werecalculated based on the basic MIRD formula:

D = Ã‚hx S,

where Ah is the accumulated activity in the source organ (h) and
S is the mean absorbed dose in the target organ per unit accu
mulated activity in the source. Ah = A x 1.44 x effective half-
time; A is the initial activity in the source organ. The S values
are tabulated in MIRD Pamphlet No. 11 (6). The S value is 4.2
x IO"3rad//iCi-hr for the ovaries as both target and source organs.

This S value gives total energy absorbed in both ovaries from
activity in both ovaries. S value for right (or left) ovary to both
ovaries was derived using the concept of "the remainder of the
body". The concept was used for calculating the S value for the

remainder of the body (RB). The method was described by Coffey
and Watson (7). The S values from the MIRD Pamphlet No. 11
may be modified according to the following expression:

S(rk <- RB) = S(rk Â«-TB)(mTB/mRB) - S(rk <- râ€ž)(mh/mRB)

where rk is the region of target organ, rh is the region of source
organ, mTB is the mass of the total body (TB), mRB is the mass
of the remainder of the body (i.e., mass of the total body minus
the mass of the source organs), and mh is the mass of the source
organ h. In this study, the total body was substituted by both
ovaries, the source organ by the right ovary and the remainder of
the body by the left ovary. Both ovaries were treated together as

FIGURE 2. Repre
sentative images
from a patient with
obstructed right fal
lopian tube at 1 min
(upper left), 10 min
(upper right), 30
min (lower left), and
50 min (lower right).
There was 99mTc

activity around the
left ovary (O) only.
U = uterus; V = va
gina.

u-

v-

and

S(rk*- rh) = S(rk Â«-TB) x 2 - S(rk <- rh),

S(rk<- rh) = S(rk Â«-TB).

The S value tabulated for both ovaries to both ovaries could thus
be used as the S value for right (or left) ovary to both ovaries.
This value was used for calculation in this study.

Another approach to calculate the S value for the right (or left)
ovary to both ovaries was to consider separately the penetrating
and nonpenetrating component. The nonpenetrating component
was calculated as 4.0 x 10~3rad//iCi-hr using the nuclear data

(8) and the mass of the ovaries tabulated (9). The photon
component was estimated using the absorbed fraction for a
uniformly distributed source in an ellipsoid in MIRD Pamphlet
No. 8 (Â¡0)and the mass of the ovaries, which was 4.4 x 10~4
rad/fiCi-hr. The S value was 4.4 x 10~3rad//Â¿Ci-hr,which was

close to the S value tabulated for both ovaries in MIRD Pamphlet
No. 11.

The MIRD phantom has no source region representing the
uterus or vagina. Some approximations made by Stabin (//) to
estimate the radiation dose to the ovaries from activity in the
uterus were also used in this study. Reciprocity was used to obtain
the dose to the ovaries from activity in the uterus, which was 2.1
x 10~5rad/AtCi-hr. Because of the similarity in position, the S

value for the urinary bladder was used to represent that for the
vagina. The S value is 7.3 x IO'6 radAzCi-hr for the urinary

bladder as a source organ. For convenience, the activities in the
uterus and vagina were summed and counted as the activity in
the uterus and the S value for the uterus was used for calculation.
The effective half-time of free pertechnetate in these two regions
was also estimated as the effective half-time in the uterus. The
mean radiation doses to the ovaries from the ovaries and uterus
(including the vagina) as source organs were then derived from
these values.

RESULTS

A comparison of results between contrast HSG and
RNHSG was made for 28 patients. The right and left
fallopian tubes were estimated independently. In the con
trast HSG examinations, there were 44 patent fallopian
tubes and 12 obstructed fallopian tubes. Of the 44 patent
tubes, 37 were diagnosed as patent in the RNHSG. Of the
12 obstructed tubes, 10 were interpreted as obstructed in
the RNHSG based on no significant activity being noted
around the ovary. Two of the 12 obstructed fallopian tubes
were diagnosed as having hydrosalpinx in the contrast
HSG. It was interesting to note that one of these two tubes
was diagnosed as patent while the other one was diagnosed
as obstructed in RNHSG. The latter might represent a
fallopian tube with hydrosalpinx but retaining its epithelial
function. Using the contrast HSG as the standard, the
sensitivity, specificity, and accuracy for detection of fallo
pian tube patency was 81.3%, 83.3%, and 84.5%, respec
tively (Table 1).
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TABLE 1
Comparison of Results of RNHSG and Contrast HSG

Contrast HSG

RNHSGPatent

ObstructedPatent377Obstructed2 10

Sensitivity= 81.3%; Specificity = 83.3%; Accuracy = 84.5%.

In the 18 studies for estimation of dose to the ovaries,
24 fallopian tubes were patent in the RNHSG. The per
centage of the injected activity reaching these ovaries was
12.5% Â±14.3%. The remaining activity was assumed to
be the activity in the uterus and vagina. The effective half-
time of free pertechnetate in the ovaries was 0.26 Â±0.23
hr (n = 24). It was 0.86 Â±0.12 hr (n = 18) for the uterus
(including the vagina).

The radiation dose to the ovaries was calculated for each
of the 18 patients. The mean Â±1 s.d. was 0.057 Â±0.047
mGy/MBq or 0.21 Â±0.18 rad/mCi (Table 2). This ranged
from 0.0028 mGy/MBq (0.010 rad/mCi) to 0.18 mGy/
MBq (0.67 rad/mCi). The least radiation doses of 0.0028
mGy/MBq (0.010 rad/mCi) (patient 18) and 0.012 mGy/
MBq (0.043 rad/mCi) (patient 13) were noted in the two
patients who had obstructed tubes on both sides. For

patients with one obstructed tube, the dose was 0.069 Â±
0.056 mGy/MBq or 0.26 Â±0.21 rad/mCi (n = 8). It was
0.061 Â±0.033 mGy/MBq or 0.23 Â±0.12rad/mCi (n = 8)
for patients with both tubes patent. There was no signifi
cant difference between these two groups (p > 0.05). The
percentage of activity reaching the ovaries in the patients
with one obstructed tube was 12.7% Â±11.7% (n = 8). The
effective half-time was 0.33 Â±0.32 hr. It was 8.84% Â±
6.32% for the activity reaching the ovaries and was 0.20
Â±0.16 hr for the effective half-time in the patients with
both tubes patent (n = 16). The percentages of uptake and
effective half-times did not differ significantly between the
two groups (p > 0.05).

Most of the radiation dose to the ovaries was from self-
irradiation. The activity in the uterus and vagina contrib
uted about 15% of the radiation dose to the ovaries as
estimated in the patients with both fallopian tubes patent.

DISCUSSION

The RNHSG is a simple, accurate, and relatively non-
invasive method for evaluation of patency of fallopian
tubes. Its ability to detect functional tube obstruction
renders it a promising procedure in the field of infertility.
Lack of pre-ovulatory transportation would transfer the
patient to the category of in vitro fertilization (IVF) and
egg transfer (ET), excluding the possibility of gammete

TABLE 2
Effective Half-times (T), Percentages (%) of Injected Activity Reaching the Ovaries and Uterus (Including the Vagina) and

Doses to the Ovaries from the Ovaries and Uterus as Source Organs

Source organ

RightovaryNo.123456789101112131415161718Mean

Â±s.d.T(hr)0.0820.492000.09400.0920.2510.2720.0340.098000.07900.1760.6380%16.68.00026.004.27.05.13.29.2007.3015.45.90Dose

(rad/mCi)0.0830.24000.1500.0230.110.0820.00630.053000.03500.160.230T(hr)0.1170.0430.0840.9930.2030.599000.48200.2760.51400.0450.0790.2080.3360Left

ovary%6.86.740.47.216.56.8005.303.720.604.112.91.23.60Dose

(rad/mCi)0.0480.160.210.430.200.24000.1500.050.6400.0110.0620.0150.0730T(hr)0.6861.8100.7111.2281.1333.1672.7431.5051.1260.8970.2331.2391.4171.3510.1550.4383.1740.340Uterus%76.625.259.692.857.593.295.893.089.697.087.179.4100.088.687.183.490.5100.0Dose(rad/mCi)0.0160.0450.0130.0350.0200.0890.0800.0420.0300.0260.00620.0300.0430.0360.00410.0110.0870.0100.034

Â±0.026Total

(rad/mCi)0.150.420.220.470.190.340.100.150.260.0330.110.670.0430.0830.0660.190.3900.21

Â±0.18Dose

(mGy/MBq)0.0400.110.0590.130.0510.0910.0280.0400.0700.0880.0300.180.0120.0220.0180.0520.110.00280.057

Â±0.047

Mean Â±s.d. of the percentages of the injected activity reaching the ovaries with patent fallopian tubes was 12.5% Â±14.3% (n = 24);
Mean Â±s.d. of the effective half-timesfor the ovaries with patent fallopian tubes was 0.26 Â±0.23 hr (n = 24).
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intrafallopian transfer (GIFT) or zygote intrafallopian
transfer (ZIFT) (3).

In the original work of Iturralde and Venter, 10 mCi of
99nTc-human albumin microspheres (HAM) with a paral

lel all-purpose collimator were used. Such doses have never

been used in recent clinical practice. McCalley et al. used
1 mCi of 99mTc-HAM with a pinhole collimator (2). The

efficiency of RNHSG for evaluation of fallopian tube
patency was over 94%. In Brundin's study, about 11-51
MBq (0.3-1.4 mCi) of 99mTc-HAM were administered and

a pinhole collimator was used. The congruent findings
between contrast HSG and RNHSG were observed in 49%
(3). A later study using only 3-5 MBq (0.08-0.13 mCi) of
99mTc-HAM with a planar collimator resulted in 41%
efficiency (4). In only one study was [99mTc]pertechnetate

used (12).
Human serum albumin microspheres measure about 20

urn in mean diameter. After administration, in the poste
rior fornix of the vagina, about 15% of the activity went
to the ovaries, 65% went to the uterus, and the remaining
20% remained in the vagina. The activity was assumed to
be removed by physical decay only (effective half-time =

6.03 hr) as HAM could not penetrate the blood capillary
due to its large size of particle. The total dose to the ovaries
was 1.5 mGy/MBq (77). This dose was erroneously quoted
as 0.75 mGy/MBq to each ovary by McCalley (2,77) and
was reported to be 25 times higher than contrast HSG by
van der Weiden & van Ziji (5). In contrast to this, Hyznar
et al. used free [99mTc]pertechnetate resulting in an esti

mated dose of 0.048 mGy/MBq, which is a factor of 30
lower than the value for "Tc-HAM (72). They assumed

that only 3% of the injected activity reached the ovary.
The measured effective half-time was 50 min. It is apparent

that pertechnetate can diffuse into blood capillaries and
be removed from the entire region.

We used free pertechnetate for RNHSG. As little as 18.5
MBq of [99mTc]pertechnetate was administered. About

13% of the injected activity was estimated to reach the
ovaries. The average of effective half-times of [99mTc]

pertechnetate in the ovaries was 0.26 hr. The radiation
dose to the ovaries was 0.057 Â±0.047 mGy/MBq. It was
comparable with the dose of 0.048 mGy/MBq in Hyznar's

study. Even if the free pertechnetate that crossed into the
bloodstream was taken into consideration, the dose to the
ovaries from it was neglectable. It should be less than
0.0081 mGy/MBq which is the mean dose to the ovaries
from ["Tcjpertechnetate injected intravenously (13).

The short effective half-time in the ovaries suggested that

a significant fraction of the injected activity would reach
the peritoneum. We assumed that the effective half-time

of the pertechnetate in the peritoneal cavity was the same
as that in the uterine cavity (it was 0.86 hr for this study).
We further assumed that all the activity reaching the
ovaries (about 12.5% in this study) ultimately drained into
the peritoneum. The dose to the ovaries from the activity
in the peritoneum could be estimated using the S value of

4.0 X 10~7mGy/MBq-sec calculated by Watson et al. (14).
The dose was 1.0 x 10~4 mGy/MBq or 3.8 x 10~7 rad/

fid. It was about a factor of 600 lower than the self-dose

from the ovaries.
Direct intrauterine injection may facilitate migration of

radiotracer into the fallopian tubes as compared with
administration of radiotracer in the posterior fornix of
vagina or external orifice of cervix. The dose injected could
be reduced without deterioration of the image quality.
About 18.5 MBq of [99mTc]pertechnetate was used in this

study, which resulted in an average dose to the ovaries to
be about 1.08 mGy (108 mrad) per study. The intrauterine
injection might be more uncomfortable for the patient
and possibly less physiologic as compared with the vaginal
instillation in other studies. In this study, the procedure
was well tolerated by all the patients. Efforts were made to
avoid overpressure during injection in order to acquire
physiologic migration of 99mTc into fallopian tubes. The

mean dose per unit administered activity to the ovaries
using this method was 0.057 Â±0.047 mGy/MBq. It was
0.048 mGy/MBq in Hyznar's study. In that study, per

technetate was used. As much as 12.5% of the injected
activity reached the ovaries in our study, while only 3%
was assumed to reach the ovaries in Hyznar's study. This

might account for the fact that images with quality suffi
cient for interpretation could be obtained using a very
small amount of pertechnetate (18.5 MBq or 0.5 mCi) in
our study. The total radiation dose thus might be reduced.
However, comparison between intrauterine injection and
vaginal instillation using pertechnetate awaits further
study.

A parallel-hole general-purpose collimator instead of a

pinhole collimator was used in our study. However, use of
a pinhole collimator would be helpful. Unfortunately, the
low energy pinhole collimator has not been available from
the manufacturer for the type of gamma camera we used.
Although resolution may be theoretically decreased, the
results of our study revealed an accuracy of 84.5%. The
results were obtained when contrast HSG was used as the
gold standard. If it is correct that the anatomically patent
but functionally obstructed fallopian tube can be differ
entiated by RNHSG (7), only 2 out of 56 fallopian tubes
studied were incorrectly classified by RNHSG in this re
port. This would increase the accuracy of RNHSG from
84.5% to 96.4%.

The mean diameter of 20 Â¿tmof HAM, approximates
the size of human sperm. The size of free ["Tcjpertech

netate is smaller than this. There is the possibility that the
fallopian tubes are patent for [99nTc]pertechnetate, but

obstructed for HAM or human sperm. In our study, the
predictive value of a positive test was 95% (37/39). This
was close to the positive predictive value of 97% (34/35)
in McCalley's study and comparable with 87% (13/15) in
Kennedy's study (HAM was used in both of these studies).

Based on these figures, we believe that this possibility is
low but further studies with comparison between [99mTc]
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pertechnetate and "Tc-HAM are needed to confirm this.

On the other hand, if the fallopian tubes are obstructed
with [99mTc]pertechnetate,there is only a very low possi
bility that the tubes may be patent with 99mTc-HAM.
RNHSG with [99mTc]pertechnetate is thus very helpful to

identify tubai obstruction. It is especially helpful for infer
tile patients. For functionally obstructed fallopian tubes,
GIFT or ZIFT may be less successful.

Van der Weiden and van Ziji quoted a mean dose of
1.28 mGy for contrast HSG (5). Freedmen et al. reported
a mean dose of 1.1 mGy using electronic fluorography
(15). Higher mean doses for HSG have been reported:
33.66 mGy (16) and 5.25 mGy (17) for fluoroscopy and
three spot films, and 6.75 mGy (2) for three spot films
alone. The National Council of Radiation Protection and
Measurement quoted a high dose of 67 mGy not including
the dose due to fluoroscopy (18). In this study with the
use of as small as 18.5 MBq (0.5 mCi) of [99nTc]pertech-

netate, functional patency of fallopian tubes could be
investigated. The radiation dose estimated was about 1.08
mGy per study. It was comparable to or, in most cases,
lower than the reported doses for contrast HSG.

RNHSG with slow intrauterine administration of a
small dose of [99mTc]pertechnetate may represent an ac

curate test of tubai function and it is as safe as contrast
HSG considering the low radiation dose.
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