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Hysterosalpingography is an important diagnostic method for the evaluation of the female
reproductive tract involving the exposure of patients to ionizing radiation. The irradiation
of ovaries is unavoidable and radiation exposure of the patient and the associated radiologi-
cal risk for the foetus and born child during the period of growth should be considered, as
well. The purpose of this work is to evaluate organ and patient doses and radiation risks
during hysterosalpingography procedures performed in a dedicated gynecological hospital.
The entrance surface air kerma was measured for a total of 31 patients during
hysterosalpingography. Based on the results obtained, the radiogenic risk for hereditary ef-
fects and cancer induction was estimated. The patient dose levels are in the range of 3-15
mGy, with a median value of 10 mGy, in terms of entrance surface air kerma. Estimated me-
dian ovarian and uterus doses are 1.7 and 2.3 mGy, respectively. The risk for fatal cancer and
hereditary effects is estimated to be 5.5-10-5 and 3.4 -10-9, respectively. Although low com-
pared to the natural incidence of genetic effects and cancer, it can be elevated in cases of pro-
longed or repeated procedures or procedures where the non-optimized protocol is used.
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INTRODUCTION

Hysterosalpingography (HSG) is an important
diagnostic method for the evaluation of the female re-
productive tract that involves the exposure of patients
to ionizing radiation. It is a relatively frequent ra-
dio-gynaecological procedure, generally used to as-
sess the uterine cavity and patency of Fallopian tubes.
The common indication for the use of HSG is primary
and secondary infertility [1-4]. HSG is merely an ini-
tial step in gynecoradiological procedures. Depending
on the findings, one may proceed with selective
salpingography, tubal catheterization or with a similar
therapeutic procedure [5]. In all radiological proce-
dures in gynaecology, the irradiation of ovaries is un-
avoidable and one should, thus, consider both the radi-
ation exposure of the patient and the radiological risks
associated with it for the foetus and born child during
the period of growth.

* Corresponding author; e-mail: ociraj@vinca.rs

Concerns over radiation doses received by pa-
tients and the associated radiation risks have become a
major issue in recent years [6, 7]. The contribution of
HSG to the collective dose is not significant [8, 9];
however, good radiation protection is of utmost im-
portance at the individual level, as the said examina-
tion involves the irradiation of females of reproductive
capacity and of the gonadal region of relatively young
patients, with a possibility for repeated examinations.
In that sense, any dose and/or risk information is wel-
come.

There are several studies on dose levels from
HSG, mainly from screen-film radiological units. As-
sessed dose levels are commonly reported in terms of
an easily measured entrance surface dose or dose-area
product [10,11]. However, it is just as important to es-
timate organ and effective doses as quantities directly
related to the radiological risk. In available literature,
reported entrance surface air kerma (ESAK) for the
HSG procedure is in the range of 9.7-30 mGy, while
reported kerma-area product (KAP) values range from
41t07 Gycm2 [1,4,8,9,12, 13]. A typical effective
dose to the patient undergoing HSG as a part of infer-
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tility work-up is 1.2 mSv to 3.1 mSv, with the ovarian
dose in the range of 2.7-9.0 mGy. However, higher
values of the effective dose (8 mSv) and correspond-
ing ovarian dose (9-11 mG) were also reported [1, 13,
14]. Furthermore, the ovarian dose can be as high as
45 mGy [1], which certainly requires careful analysis
and application of dose reduction strategies.

Frequently, radio-gynaecological procedures
are performed outside the radiology department, by
staff that is not fully skilled or trained in radiation pro-
tection. This requires special attention. Female pa-
tients referred to HSG are often anxious about radia-
tion risks arising from the X-ray procedure. It is the
responsibility of the operating staff to inform the pa-
tient of the radiogenic detriments on the future
conceptus and radiogenic cancer induction on the ex-
posed individual.

There are remarkable variations in radiological
equipment used and clinical protocols applied in HSG
among hospitals and, consequently, in the radiation
dose and associated risks [1, 2 ,4, 12, 13]. As the
post-HSG pregnancy rate is as high as 75% [4], it is
important to assess levels of radiation doses and radio-
genic hereditary risks for each particular hospital per-
forming HSG.

The purpose of this work is to evaluate organ and
patient doses and radiation risks during HSG proce-
dures performed outside the radiology department, in
a dedicated gynecological hospital.

MATERIALS AND METHODS

Our clinical protocol for the HSG procedure used
in a dedicated gynaecological hospital consisted of sev-
eral radiographies in anterior-posterior (AP) projec-
tions, following the in utero administration of a
non-ionic radiological contrast. The protocol excluded
any fluoroscopy, oblique or lateral projections. Fluo-
roscopy in itself is not of any diagnostic interest and is
commonly used only to control the contrast low, while
lateral and oblique projections may be substituted by
echography in terms of relevant clinical information [ 1,
4, 13]. The examination protocol was designed in such a
way as to minimize the patient radiation dose.

The survey was performed in June and July of
2010. All patients were examined using a three-phase,
six pulse generator Superix 1000 (EINi$, Serbia), with
an over couch X-ray tube, anti-scattering grid (grid ra-
tio 12:1) in-place and manual exposure control set-
tings.

A solid state dosimeter, R-100 Barracuda (RTI
Electronics, Sweden), calibrated in the traceable, Sec-
ondary Standard Dosimetry Laboratory at the Vinca
Institute of Nuclear Sciences, was used for X-ray tube
output measurements. The measured half-vale layer at
80 kVp was 2.5 mm Al. The X-ray tube output at
100 cm from the focal spot was 24, 35, 46, 57, 69, and

82 uGy/mAs for 50, 60, 70, 80, 90, and 100 kVp tube
voltages, respectively.

Tube voltage, tube current, and exposure time
were selected manually, by radiographer, to produce
quality diagnostic images for the given patient size.
The film size used for all images was 24 x 30 cm, with
a fixed focus-to-film distance of 100 cm. The nominal
speed class of film-screen combination was 400.

Atotal of 31 patients were monitored during the
two month period. For each patient and projection, fol-
lowing personal data and technical parameters were
collected: age, body weight, height, tube potential,
tube current time product, focus-to-film distance, and
film size used.

For each projection, ESAK was calculated using
the following equation [10, 15-17]

Y,-0-D?

ESAK =
[L—(d +b)]?

.BSF (1)

where Y} is the X-ray tube output at distance D nor-
malized by mAs (LGy/mAs), O — the product of the
tube current and exposure time, BSF — the backscatter
factor [10], L — the focus-film distance and » and d —
the film-table top distance and patient thickness, re-
spectively. To calculate ESAK, X-ray tube output Y
was measured at a distance of 1 m for the X-ray tube
potential in the range of 50-100 kV, in 10 kV steps, as
described before. Patient thickness was deduced from
the recorded patient weight and height. For each pro-
jection, ESAK was calculated using real examination
data, according to eq. (1). The total dose for each pa-
tient was calculated as a sum of contributions from
multiple projections.

Using the relationship between KAP and ESAK
for a given filed size [18]

_ESAK
BSF
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where 4 is a filed size, KAP was assessed for each pro-
jection and each patient. KAP is a good indication of the
risk for stochastic effects, as it is directly related to the
effective dose. A conversion factor of 0.29 mSv/Gyem®
was used to calculate the effective dose from assessed
KAP values [19].

To allow the estimation of organ doses for ova-
ries and uterus, United Kingdom National Radiologi-
cal Protection Board’s conversion factors have been
used [18]. ESAK and KAP as input parameters have
allowed organ dose assessment for each patient and
actual radiation quality. In this way, the calculated or-
gan dose is slightly overestimated, due to the lack of
specific organ dose conversion factors for HSG. In-
stead, a pelvic AP projection was used [13].

The radiation risk following HSG was estimated
using available risk coefficients obtained from the In-
ternational Commission for Radiological Protection
Report 103 [20]. The risk of cancer was calculated us-
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ing detriment-adjusted nominal risk coefficients for
stochastic effects after exposure to radiation at a low
dose rate. For the whole population, the given risk co-
efficientis 5.5-1072 Sv~!. Although significantly lower
(27 times) than the risk of cancer development, the risk
of genetic effects in future generations was obtained
by multiplying the mean dose to ovaries with the risk
factor of 0.2-1072 Sv~! [20].

RESULTS

In total, 31 patients were studied. The age of pa-
tients covered by the survey ranged from 19-43 years,
with mean and median values of 31. The average body
mass of these patients was 68 kg, with an associated
range of 45-85 kg. Typical exposure parameters and

Table 1. Typical exposure parameters and dose values
from HSG examination of 31 patients

Parameter Mean |Median| Range
Number of exposures 2.9 / 2-3
Tube voltage [kVp] 7317 74 60-90
Tube current time product [mAs] | 32+6 32 20-40
ESAK [mGy] 1043 10 3-15
KAP [Gycm’] 3.240.92| 32 |1.145
Ovarian dose [mGy] 1.6+0.61| 1.7 (0.25-2.8
Uterus dose [mGy] 2.2+0.82| 2.3 ]0.38-3.8

dosimetry data are presented in tab. 1. All HSG exami-
nations in this study were simple, without any need for
further therapeutic procedures.

According to data presented in tab. 1, it is esti-
mated that doses to ovaries and uterus present 16% and
22% of ESAK, respectively. A mean effective dose of
1 mSv per patient from the HSG procedure is esti-
mated using the suitable convection coefficient of
0.29 mSv/Gycm?. The risk of radiation induced hered-
itary effects was determined by multiplying the ovar-
ian dose with the risk factor of 0.2-102 Sv~'. The said
risk for deleterious effects on the future foetus from a
HSG procedure performed on the mother was found to
be 3.4-107. Using arisk factor of 5.5-1072 Sv™!, the es-
timated risk of cancer induction in the exposed indi-
vidual was estimated to be 55-107°.

DISCUSSION

Results obtained in this study are similar or
lower compared with results published in correspond-
ing studies, as presented in tab. 2. This can be associ-
ated with the exclusion of fluoroscopy from the exami-
nation protocol and a typically smaller number of
radiographs obtained in our study. If fluoroscopy is a
part of the examination protocol, the contribution to

Table 2. Comparison of patient dose values for the HSG
procedure obtained in different studies

5,058 | .8 &
w2 =

ZE ZE|4ES8 58 58
This study 31 | 29 |10 13217 |23
Fernandez et al. [13] | 41 7 /1713 4.6 /
Fife et al. [12] 40 | 3.6 |159] / | 2.8 /
Gregan et al. [1] 45 2 |13.1] / 3.1 /
Sulieman et al. [2] 37 1 02 | 36| / 091128
Calcchia et al. [21] 37 | 65 | 25| / |4.66|6.35
Perisinakis efal. [4] | 78 | 3.2 | 9.7 | / 2.7 /

the total dose from fluoroscopy is, typically, 25% [1,
13]. Therefore, a considerable portion of the dose aris-
ing from radiography indicates that there is scope for
dose reduction in that part of the examination protocol.

The screen-film radiography unit used in our
study is over 20-year-old and is not equipped with
dose-reduction tools available in modern technolo-
gies. The main factors contributing to the patient dose
in HSG are technical exposure parameters, filtration,
type of generator, collimation, focus-to-skin distance
and individual pathology. Although the patient dose
depends on many factors, the single largest contribu-
tory factor is patient size, as other parameters were
kept constant in this survey. Possible dose reduction
strategies in this case would include the use of higher
tube voltages, lower tuber current time product values,
and increased beam filtration.

Increasing tube voltage is an efficient method for
dose reduction in HSG, as ovarian dose decreases by
about 50% when the tube voltage is increased from
70 kV to 120 kV [3]. Furthermore, the use of addi-
tional filtration could lead to a dose reduction of more
than 80%, without loss of HSG image quality in com-
puted radiography systems [22].

It is likely that the use of high frequency genera-
tors, automatic exposure control and digital image re-
ceptors would contribute significantly to dose reduction
[1, 2]. Published results on patient doses, in terms of
ESAK, from digital X-ray units are in the range of
2.3-3.9 mGy, which is considerably less than the dose
values from analogous X-ray units used for HSG exam-
ination [1, 2]. Furthermore, the use of digital fluoros-
copy would enable the production of hard copy images
from stored digital images (image capture) without a
need for further patient exposure.

There is evidence of an almost six times dose re-
duction as a result of transition from screen-film to
digital imaging equipment. In a comparative HSG
dosimetric  study performed by conventional
screen-film under couch X-ray units and digital C-arm
radiological fluoroscopy units, reported entrance sur-
face doses were 15 mGy and 2.5 mGy for screen-film
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and digital units, respectively. The corresponding
ovarian doses were 3.5 mGy and 0.5 mGy [1].

HSG involves direct irradiation of the pelvic re-
gion, with organs at higher risk being the ovaries and
the uterus. The mean estimated organ doses from this
study are 1.6 mGy and 2.2 mGy for ovaries and uterus,
respectively. The ovarian dose in terms of an X-ray
equivalent dose is a good indicator of the stochastic
risk arising form the HSG procedure. In this study,
ovarian doses present 16% of total ESAK, which is
similar or slightly lower than values ranging from
15-30% obtained in similar studies [1-3]. A possible
explanation may be found in the fact that the soft beam
quality used in this case contributes to higher surface
doses and lower organ and effective doses.

An efficient method for organ dose reduction is
the use of the posterior-anterior projection (PA) in-
stead of the AP projection. In PA projection, organs of
interest are located at a greater depth in the body which
provides a dose reduction of about 60-75% for ovaries
and of 30-43% for the uterus for tube voltages in the
range of 70-120 kVp [3].

Radiation risk estimation for fatal cancer and he-
reditary effects is estimated to be low (3.4-107°). Fur-
thermore, the radiation dose to the uterus could be
used for the assessment of foetal doses in cases of un-
confirmed pregnancies. The risk of hereditary effects
from ionising radiation has been substantially revised
in the past decades and is, at present, estimated to be
around five times lower then previously thought. The
risk of inducing hereditary effects in the first two gen-
erations following in utero irradiation (1 in 200000 per
mQGy) is over ten times lower than the risk of inducing
childhood cancer (1 in 13000 per mGy) and is also
very small when compared to the natural risk of con-
genital defects (1-6%). Also, the estimated risk of can-
cer induction is several orders of magnitude lower
than the natural cancer incidence of 1:3 [23, 24].

CONCLUSION

Our study presents the results of the first dose
and risk assessment for HSG in Serbia. In terms of
ESAK, estimated patient dose levels are in the range
of 3-15 mGy, with a median value of 10 mGy. Esti-
mated median ovarian and uterus doses are 1.7 mGy
and 2.3 mGy, respectively. The estimated risk of fatal
cancer and hereditary effects is low compared to the
natural incidence of genetic effects and cancer. How-
ever, it can be elevated in cases of prolonged or re-
peated procedures or use of non-optimized protocols.

So as to enable the establishment of national di-
agnostic reference levels as a part of the optimization
procedure, it is necessary to expand this survey and in-
clude more hospitals performing HSG procedures.
The minimization of the dose and associated radiolog-
ical risks during HSG is possible by applying all avail-

able radiation protection tools that are in line with ac-
ceptable image quality of desired diagnostic
information.
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MNPOLEHA JO3E N PAIUJALIMOHOI' PUBUKA
Y XUCTEPOCAJ/IIMHIOTPAD®UIN

XI/ICTepocaJIHI/IHrorpanI/Ija (XCT) je jenHa of 3HaqajHI/1jI/1X AUjarHOCTUYKUX TIPOLEAypa
PEnpoNyKTHBHOT TPaKTa NaljjeHaTa JKEHCKOT 10j1a KOja YKIbyuyje H3jiarame jouusyjyhem spauewy. [loza 3a
jajHUKe je Hen30eKaH JJe0 OBOT IUjarHOCTHYKOT MOCTYIKA, T€ 1032 33 U3JI0XKEHOT MOjeANHIA U PAidjalluOHI
pusuK 3a Oyayhe reHepauyje 3axTeBajy Nax/bUBY aHanu3y. Llub oBOr pajia je mpolieHa 103€ 3a OpraHe u
npeteher pagujanmonor pusnka TokoMm XCI npouefypa peann3oBaHuX Y CIEIUjaln30BaHOj THHEKOJIOMIKO]
6onxunu. Kepma y Ba3ayxy Ha IOBPILKHY KOXKeE NTalldjeHTa U3MepeHa je 3a ykynHo 31 nanujenta Tokom XCI'.
Ha ocHOBy M3MepeHHX BpEHOCTH NMPOLEHEH j& PAAMjalliOHN PU3HK 3a XepeJuTapHe eeKTe U HacTaHaK
kapuuHoMa. ITponemene fo3e 3a nanujeHTe Ouie cy y omcery of 3-15 mGy, ca menujanoM o 10 mGy.
IIpouewmeHe TUNMYHE BPEAHOCTH 03¢ 3a jajHHKe U yTepyc 6mie cy 1.7 u 2.3 mGy, pecneKTHBHO, AOK
onroapajyhu pusuK 3a chaTaJHH KapIUHOM U XepeauTapHe edpekre n3noce 5.5-10 u 3.4-107, pecnektusHO.
Maxo je nporemeH pU3nK Maili y iopehery ca IPUPOIHOM HHIMICHI[OM 3a HACTIEHE e(peKTe U KapLIHOM,
OH MOXe OMTH 3HaYajHO yBehaH y ciydajy mpoueaypa IpoAyXKeHOr Tpajaka, MOHOB/bEHUX MPOLEaypa Ha
HCTOM HAalldjeHTy U YKOJIMKO Ce IPUMEHY]jy HEONITUMHU30BAHU IPOTOKOIN MPETIefa.
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