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ABSTRACT

Study question: Does tubal patency testing by hysterosalpingography (hSG) increase 
ongoing pregnancy rates in couples with unexplained subfertility undergoing the 
routine fertility work-up?

Summary answer: Diagnostic tubal patency testing by hSG increases ongoing 
pregnancies in couples with an unexplained subfertility or subfertility based on a 
mild male factor, within 36 months following first presentation at the fertility clinic.

What is known already: A possible therapeutic effect of diagnostic tubal patency 
testing has been debated in literature for more than 50 years. An increase in 
pregnancies following hSG with an oil-based contrast medium is suggested. 
Randomized trials evaluating the therapeutic effect of hSG made with water-based 
contrast media compared to no treatment are lacking, so it is unclear whether a 
diagnostic hSG procedure itself has a therapeutic effect or if this is an effect of the 
oil-based contrast medium. We aim to evaluate whether a diagnostic hSG has a 
therapeutic effect regardless the type of contrast medium used.

Study design, size, duration: A secondary data-analysis of a prospective cohort 
study among 4547 couples that presented with unexplained subfertility in 38 clinics 
in the Netherlands between January 2002 and february 2004. 

participants, setting and methods: Subfertile couples that underwent the basic 
fertility work-up were included. We excluded couples in which women had 
ovulation disorders, a history of tubal surgery or if the partner had a total motile 
sperm count (TmSc) of less than 1x106 spermatozoa/ml. We used a time dependent 
IpTW cox regression to analyse whether the hSG procedure (with the use of water-
based contrast as well as with oil-based contrast medium) had a therapeutic effect 
in terms of ongoing pregnancy. 

main results and the role of chance: The estimated probability of natural conception 
within 36 months following first presentation in the fertility clinic was almost one 
and a half-fold higher following hSG, regardless the type of contrast medium used, 
compared to no hSG (hazard ratio 1.4; 95% cI 1.3 to 1.5)

Limitations, reasons for caution: Women were not randomized for tubal patency 
testing by hSG versus no hSG, which might have introduced selection bias. We 

tried to reduce this bias as much as possible by performing a time dependent inverse 
probability of treatment weighting (IpTW) analysis. 

Wider implications of the findings: In women with an idiopathic subfertility 
or subfertility based on a mild male factor, hSG increases spontaneous ongoing 
pregnancies, regardless the contrast medium used. Therefore an hSG should be 
offered to subfertile women during the fertility work-up and further fertility 
treatment should be delayed for a couple of months following hSG to pursue a 
natural conception.

Study funding/competing interest(s): None.

Trial registration number: Not applicable.
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INTRODUCTION

Approximately 10% of couples who want to have a child fail to conceive within 
one year of regular unprotected intercourse.1 The assessment of the tubal 
patency is traditionally an important part in the evaluation of subfertile couples. 
hysterosalpingography (hSG), introduced by cary in 1914, is still the most widely 
used outpatient method for tubal patency testing in the Netherlands.2,3 An hSG 
examination involves the infusion of contrast medium into the uterine cavity and 
fallopian tubes, with subsequent radiography to evaluate patency of the tubes.4

Although initially developed as diagnostic test, an increase in pregnancies 
following hSG with oil-based contrast medium is seen during the first couple of 
months following hSG, suggesting a therapeutic effect.5-9 however, randomised 
trials evaluating the therapeutic effect of hSG made with water-based contrast 
media compared to no treatment are lacking. Therefore it is unclear whether the 
therapeutic effect is completely due to the oil contrast medium that is used, or that 
the hSG procedure itself also contributes to this effect. 

The aim of this large nationwide prospective cohort study was to evaluate if an hSG 
procedure itself has a therapeutic effect, regardless the type of contrast medium 
used.

METHODS

Between January 2002 and february 2004, 7860 couples presenting with subfertility 
were included in this prospective cohort study in 38 clinics in the Netherlands. This 
study was approved by the Institutional Review Board of the Academic medical 
centre, Amsterdam, the Netherlands and approved by the Board of Directors of 
each of the participating clinics. All participants gave informed consent. Subfertile 
couples included in this prospective cohort all underwent the basic fertility work-up 
according to the guidelines of the Dutch Society of obstetrics and Gynaecology.10 
This assessment included a medical history, cycle monitoring, semen analysis and 
investigation of tubal status. for our analysis we excluded couples if women had 
ovulation disorders, a history of tubal surgery or if the partner had a total motile 
sperm count (TmSc) of less than 1x 106 progressive motile sperm cells. ovulation 
disorder was defined as a cycle length of less than 21 days or more than 37 days. 
furthermore, ovulation needed to be confirmed by a basal body temperature 
chart, an elevation of serum progesterone in the luteal phase, or by sonographic 

monitoring of the menstrual cycle. Women who underwent hSG prior to inclusion 
in this cohort were also excluded, as we only included women who had not been 
evaluated previously for subfertility. finally we excluded couples if timing of hSG 
was not available and in case of no- or incomplete follow-up. (See figure 1 for study 
profile)

Figure 1: Study profile

Evaluation of the tubal status during the basic fertility work-up was done by the 
measurement of the chlamydia Antibody Titre (cAT) or hSG, depending on the 
local protocols of the participating clinics. The chlamydia status was assessed by the 
measurement of serum chlamydia Antibody Titre (cAT). The cAT was measured 
by immune fluorescence technique (If) or with enzyme immune assays (EIA). The 
cAT was considered to be positive for If, if the titre was >1:16 and for ELISA if the 
level was >1.1. A positive cAT means the women did have a previous infection with 

consecutive subfertile couples

n = 7860 Excluded

n= 1878 ovulation disorders 
n = 546 Tmc < 1x 106
n = 16 Tubal surgery
n = 384 previous hSG

n= 478 No or incomplete follow-up
(n= 68 with negative follow-up time)

n= 11 unknown timing of hSG’ 

n = 5036

n= 4558

n= 4547
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chlamydia. Some of the participating clinics did perform an hSG in all subfertile 
women during the routine fertility work-up. other clinics only performed hSG 
when the cAT appeared to be positive. All hSGs were performed according to 
the local protocols of the participating clinics. During hSG a radiopaque contrast 
medium was infused through the cervix into the uterine cavity and fallopian tubes. 
At the same time radiographs were made to observe whether the infused contrast 
medium flow through the fallopian tubes and subsequently into the abdominal 
cavity in case of patent tubes. In most participating clinics water-based contrast 
medium was used to perform hSGs, while some clinics used oil-based contrast as 
standard medium for hSG.

Outcome measurements

Women were followed for 36 months after the first visit at the fertility department. 
The main outcome measure was time to ongoing pregnancy, defined as a positive 
heartbeat on ultrasound beyond 12 weeks gestation, within 36 months following the 
first visit at the fertility department. Time to pregnancy was censored at the moment 
a fertility treatment had been started or at the last date of contact during follow-up 
when the couple had no ongoing pregnancy. Time to pregnancy was not censored 
in case of a miscarriage or ectopic pregnancy, as in those situations a woman was 
followed until an ongoing pregnancy or the last date of contact not being pregnant. 
Secondary outcome measure was the difference in ongoing pregnancies between 
the use of water-based contrast versus oil-based contrast medium for hSG.

Statistical analysis

Normally distributed continuous baseline data were summarized as means with 
standard deviations and as medians with percentiles (25th percentile to 75th 
percentile) when non-normally distributed. categorical data were reported as 
absolute numbers and percentages. 

The ongoing pregnancies during two periods of follow-up time were compared 
as we performed a time dependent analysis. Group 1 was formed by women in a 
period they had not been exposed to hSG. Group 2 was formed by women who had 
an hSG, after which they were followed for 12 months (Group 2). 

All women were analysed as having no hSG when they did not undergo hSG within 
36 months following the first visit at the fertility department (group 1). Women 
who did underwent hSG were analysed in the ‘No hSG group’ during the period 
between first visit at the fertility department and the moment they had the hSG 

examination (group 1). During a period of 12 months following hSG these women 
were analysed in the group who had an hSG done (group 2). Subsequently, these 
women were analysed as did not had an hSG in the period between 12 months 
after hSG and 36 months after first visit at the fertility department (group 1), as the 
therapeutic effect of hSG is suggested to last for maximum 1 year following hSG. 

A time dependent Inverse probability of Treatment Weighting (IpTW) analysis was 
used in order to correct for underlying selection bias whether hSG was performed 
during the fertility work up. propensity scores were calculated using a logistic 
regression model to predict the probability of each women receiving hSG. Variables 
entered in the IpTW model were female age, duration of subfertility, referral status, 
female subfertility being primary or secondary, a previous chlamydia infection, 
semen quality (Vcm) and clinic were fertility work-up was done. 

female age was calculated at the first visit at the outpatient ward. The duration 
of subfertility was defined as the period between the time the couple had an 
active child wish and the first visit at the fertility department. If the couple had a 
previous pregnancy that has not resulted in a live birth, the duration of subfertility 
was defined as the period between the end of this pregnancy and the first visit at 
the outpatient ward of the fertility department. Women could be referred to the 
fertility department by a general practitioner, a gynaecologist, an other specialist or 
could be self-referred. Subfertility was considered to be primary if a woman never 
had conceived in the current or previous relationship and secondary if a woman 
ever had conceived, regardless the pregnancy outcome. The semen quality was 
expressed in Vcm (volume x concentration spermatozoa x percentage progressive 
motile spermatozoa). A semen analysis was performed at least once. In case of two 
semen analyses the mean Vcm of both samples was calculated.

After propensity scores were calculated, the two groups were then balanced by 
means of IpTW and the difference in spontaneous ongoing pregnancies among 
each group was tested by a time dependent cox regression analysis. missing data 
of the confounder variables were imputed, because deleting them would have led 
to a reduction of statistical power. Imputation was done using the ‘aRegImpute’ 
imputation function in S-plus® 6.0. 

All reported p-values are two-sided, with p-values <0.05 considered to indicate 
statistical significance. Statistical analyses were performed using IBm Statistical 
package for Social Sciences (SpSS) version 22.0 (IBm corp., USA), S-plus® 6.0 
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(mathSoft Inc., Seattle, WA) and the R project for Statistical computing version 
2.11.1(R foundation for Statistical computing).

RESULTS

A total of 4547 women were included in this study of whom 2216 women underwent 
hSG during the follow-up period of 36 months following the first visit at the fertility 
department and 2331 women did not. 

Baseline characteristics of the included subfertile couples are summarised in table 1.

Table 1: Baseline characteristics 

n = 4547

median age (years) (IQR) 32.3 (29.6 – 35.3)

median BmI (kg/m2) (IQR) 23.0 (20.9 – 26.0)

cycle length (days) (IQR) 28.1 (26.1 – 28.1)

Duration of subfertility (months) (IQR) 18.2 (13.4 – 25.6)

primary subfertility (%)

Secondary subfertility (%)

2837/4547 (62.4)

1710/4547 (37.6)

Referral (%)

own initiative

General practitioner

other gynaecologist

other specialist

255/4547 (5.6)

3877/4547 (85.3)

331/4547 (7.3)

84/4547 (1.8)

Vcm (x106) 45.9 (13.3 – 114.6)

prognostic index (%) 38.9 (29.1 – 49.0)

There were 2216 women analysed who were in the period with 12 months in the 
hSG group and 4547 women in the non-hSG group (2331 who had no hSG at all, 
2216 who had an hSG after some time, of whom 308 women who were also analysed 
in this group more than 12 months after hSG). 

Women who underwent hSG during the fertility work up were referred by a 
general practitioner more often (1992/2216; 89.9%) compared to women who did not 
underwent hSG (1885/2331; 80.9%) (p < 0.01). Women who did not underwent hSG 
were more self-referred (152/2331 (6.5%) versus 103/2216 (4.6%) (p < 0.01) or referred by 

another gynaecologist (258/2331 (11.1%) versus 73/2216 (3.3%) (p < 0.01) than women 
who did have an hSG during the follow-up period. 

Women who did have an hSG during the fertility work-up underwent this 
examination after a median time of 3.0 months (1.9 to 5.0) after their first visit at the 
fertility department. The median follow-up time without hSG was 4.1 months (2.1 
to 8.5) and 4.5 months (1.5 to 8.5) following hSG.

of the 2216 women who underwent hSG, in 1373 (62.0%) a water-based contrast 
medium, in 291 (13.0%) women an oil-based contrast medium and in 10 (0.5%) women 
an iso viscose contrast medium was used. In 542 (24.5%) women it was unknown 
which contrast medium was used. 

In 624/4547 (13.7%) women, an ongoing pregnancy occurred during the follow-up 
period without hSG compared to 381/2216 (17.2%) during the follow-up period with 
hSG. 

The unweighted (crude) time dependent cox-regression showed that women had 
a significantly higher chance on a spontaneous ongoing pregnancy following hSG 
compared to no hSG (hR 1.6; 95% cI 1.4 to 1.8). After IpTW, the adjusted hazard 
Ratio for ongoing pregnancy rate following hSG compared to no hSG was 1.4 (95% 
cI 1.3 to 1.5). (Table 2)

Table 2: Primary outcome: effect of HSG on ongoing pregnancies 

Analysis
Hazard Ratio (95% 

Confidence interval)

primary outcome

Unweighted (crude) time dependent cox-regression

(With hSG yes during 1 year following hSG)

1.6 (1.4 -1.8)

Unweighted (crude) time dependent cox-regression 1.6 (1.4 – 1.8)

Adjusted hazard Ratio following IpTW 1.4 (1.3 to 1.5)

Subgroup analysis

Unweighted (crude) time dependent cox-regression 

(hSG with water-based contrast medium versus no hSG)

1.4 (1.2 – 1.6)

Unweighted (crude) time dependent cox-regression 

(hSG with oil-based contrast medium versus no hSG)

1.4 (1.1 – 1.8)
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The subgroup analysis hSG with the use of water-based contrast media versus no 
hSG, showed an unweighted (crude) hazard ratio of 1.4; 95% cI, 1.2 to 1.6. (Table 
2) The analysis oil-based contrast versus water-based contrast medium for hSG 
indicated a pregnancy rate of 63/291 (21.6%) following hSG with the use of oil 
contrast versus 216/1373 (15.7%) following hSG with the use of water-based contrast 
media (Relative Risk 1.38; 95% cI, 1.07 to 1.77).

DISCUSSION

This secondary analysis of women included in a prospective cohort study showed 
that hSG performed during the basic fertility work-up significantly increases the 
ongoing pregnancy rate. The adjusted hazard Ratio following a time dependent 
inverse probability weighting cox-regression analysis was 1.4 (95% cI. 1.3 to 1.5) in 
favour of hSG. 

our results are in line with the results from previous randomised trials that compare 
ongoing pregnancies following hSG made with oil-based contrast medium versus 
no intervention.6 however, in this study most hSG examinations were performed 
using a water-based contrast medium 1373/2216 instead of an oil-based contrast 
medium 291/2216. There are no randomized trials that evaluated the therapeutic 
effect of hSG with the use of a water-based contrast versus no intervention. The 
subgroup analysis performed in the present study showed an increased ongoing 
pregnancy rate in the first 12 months following hSG with use of a water-based 
contrast medium as well as following hSG with the use of an oil-based contrast 
medium (hR 1.4, 95% cI 1.2 to 1.6 and hR 1.4, 95% cI 1.1 to 1.8, respectively). This 
suggests a therapeutic effect of the hSG procedure itself, regardless the contrast 
medium used. The exact underlying fertility enhancing mechanism of hSG is 
unclear, but some studies suggest that tubal flushing during hSG can dislodge non-
occlusive but pregnancy hindering debris from otherwise undamaged fallopian 
tubes.11, 12

The subgroup analysis comparing hSG with oil- versus water-based contrast 
medium, showed significantly higher ongoing pregnancies in the first 12 months 
following hSG with the use of an oil-based contrast medium (21.6%) versus a 
water-based contrast medium (15.7%) (Relative Risk 1.38, 95% cI 1.07 to 1.77). This 
result suggests a better fertility enhancing effect of oil-based contrast medium over 
water-based contrast medium. five previous randomised studies that evaluated the 

difference in ongoing pregnancies between the use of a water-based versus an oil-
based contrast medium during hSG show conflicting results.6 Three of the studies 
showed no differences in ongoing pregnancies between the two contrast media.13-15 
The remaining two studies showed higher ongoing pregnancies following the use 
of oil-based contrast medium, of which one study reached a statistical significance 
(Rasmussen et al. oR 3.5; 95%cI, 2.0 – 6.0).16, 17 A possible explanation for the higher 
ongoing pregnancies following hSG made with the use of oil contrast may be a 
direct effect of the oil contrast on the endometrial receptivity and enhancing fertility 
by an implantation mediated mechanism.7, 18, 19 Another suggested explanation is 
an effect of oil contrast on the peritoneal macrophage activity, leading to a change 
in production of cytokines and an inhibition of sperm phagocytosis and thereby 
enhancing fertility.20 however, a robust randomised controlled trial evaluating 
the ongoing pregnancies following hSG with the use of an oil- versus water-
based contrast medium is needed to give a definite answer to the question if there 
is a difference in therapeutic effect between the use of oil or water-based contrast 
medium during hSG. 

In conclusion, in women with an idiopathic subfertility or subfertility based on a 
mild male factor, hSG increases spontaneous ongoing pregnancies. Therefore, 
an hSG should be offered to subfertile women during the fertility work-up and 
a fertility treatment should be delayed for a couple of months following hSG to 
pursue a natural conception.
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