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ABSTRACT 

Background: Tubal flushing during hysterosalpingography (hSG), especially with 
oil-based contrast medium, is suggested to increase pregnancy rates in subfertile 
women. prior randomised trials, however, have shown inconclusive results. 
We performed a definitive clinical trial to test whether tubal flushing during 
hysterosalpingography (hSG) could increase ongoing pregnancies in subfertile 
women.

methods: The h2oil study was conducted in 27 hospitals in the Netherlands. We 
randomised subfertile women undergoing hSG during their fertility work-up to 
the use of oil-based contrast medium (intervention group) or water-based contrast 
medium (control group). Subsequently, most couples were managed expectantly or 
had intra-uterine insemination (IUI). primary outcome was ongoing pregnancy at 
six months following randomisation. Analysis was done by intention-to-treat.

Results: Between february 3rd, 2012 and october 29th, 2014, a total of 1294 women 
were screened for eligibility, of whom 1119 were randomised: 557 to hSG with oil-
based contrast medium and 562 to hSG with water-based contrast medium. ongoing 
pregnancies at 6 months after hSG were 220/554 (39.7%) in the oil-based contrast 
medium group compared to 161/554 (29.1%) in the water-based contrast medium 
group (Relative Risk 1.37; 95% cI, 1.16 to 1.61).

conclusions: Use of an oil-based contrast medium for tubal flushing during hSG 
in subfertile women results in higher 6-months ongoing pregnancies than use of 
water-based contrast medium.

INTRODUCTION

Subfertility, defined as the inability to conceive within one year of unprotected 
intercourse, affects approximately 1 out of 10 couples trying to get pregnant.1 In the 
evaluation of female and partner in subfertile couples, assessment of tubal patency 
is an important part of the work-up. hysterosalpingography (hSG), used since 1914, 
is still commonly used as outpatient method for tubal patency testing. Although 
hSG was introduced as a diagnostic test, it has been suggested that flushing the 
tubes directly increases pregnancy rates in the months following hSG.2 Since 
1951 many studies reported a fertility enhancing effect of hSG when an oil-based 
contrast medium is used, but only three trials did so in a randomised controlled 
trial (RcT).3-5 Those trials showed an increase in ongoing pregnancies following 
hSG made with oil-based contrast compared to no intervention (oR 3.6; 95% cI 2.1 
– 6.3).6 Since RcTs comparing pregnancy rates after hSG made with water-based 
contrast versus no intervention are lacking, it is unclear whether the therapeutic 
effect is completely due to the hSG procedure, or that the choice of contrast medium 
also contributes to this effect. five RcTs have compared ongoing pregnancies after 
hSG made with oil-based versus water-based contrast medium.6-11 meta-analysis 
showed no significant difference, although ongoing pregnancies after the use of oil-
contrast were higher than after the use of water-contrast (oR 1.4; 95% c.I. 0.8 to 2.5).6 
The included studies in this meta-analysis were of relative low quality with a high 
degree of uncertainty about the estimate. In view of this uncertainty, we conducted 
a multi-centre, randomised controlled trial to investigate whether oil-based contrast 
medium during hSG could increase ongoing pregnancies as compared to the use of 
water-based contrast medium.

METHODS

Study participants

participants for the h2oil study were recruited in 27 hospitals (4 academic, 12 
teaching and 11 non-teaching hospitals) in the Netherlands, that collaborate in a 
nationwide consortium for women’s health research (NVoG consortium; www.
studies-obsgyn.nl). Women were eligible for enrolment in the study if they were 
aged between 18 and 39 years, trying to conceive for at least one year and if there 
was an indication for tubal patency testing by hSG in the context of the fertility 
work up according to the Dutch national guideline.12 An hSG is indicated when 
no abnormalities are found during the basic fertility work-up or before the start of 
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IUI treatment. furthermore, women needed to have a spontaneous menstrual cycle, 
defined as at least 8 menstruations per year. Endocrinological diseases, like polycystic 
ovary syndrome (pcoS), diabetes, hyperthyroidism and hyperprolactinemia, were 
exclusion criteria, as in these women the endocrinological disease could be an 
underlying cause for the subfertility. other exclusion criteria were a high risk for 
tubal pathology (as indicated by a history of pelvic inflammatory disease, previous 
chlamydia infection, previous peritonitis or known endometriosis), an allergy for 
iodine (as the contrast media under study both contains iodine), or a severe male 
subfertility, defined as a total motile sperm count (TmSc) of < 1 million spermatozoa 
per millilitre. Women fulfilling the inclusion criteria and who had no exclusion 
criteria were asked by the research nurses or doctors to participate in this study and 
randomized after informed consent was given.

Randomisation and study intervention

Randomisation was preferably performed just before hSG, whereby women were 
randomly assigned in a 1:1 ratio for the use of oil-based contrast medium (Lipiodol 
Ultra fluid®; Guerbet, Netherlands B.V.) (intervention group) or water-based contrast 
medium (Telebrix hystero®; Guerbet, Netherlands B.V.) (control group) during hSG. 
The randomisation was performed by a secured online randomisation program 
(ALEA) with random block sizes of 2, 4 or 6, stratified by hospital and rendered 
by an independent data manager. masking participants and investigators would be 
difficult due to the difference in imaging between the use of oil-based and water-
based contrast medium. Since we had objective outcome measurements, the study 
was not masked. 

hysterosalpingography was performed according to the local protocols of the 
participating hospitals. The contrast medium could be infused into the uterine 
cavity using a cervical vacuum cup, a hysterophore or a balloon catheter. During 
hSG, 4-6 X-rays were made after infusion of approximately 5-10 cc of contrast 
medium to evaluate the patency of both fallopian tubes. All X-rays were examined 
by a gynaecologist or radiologist according to the local protocol. 

Outcome measures

The primary outcome measure was ongoing pregnancy, defined as a positive 
fetal heartbeat on ultrasound beyond 10 weeks gestation, in the first 6 months 
following hSG. Secondary outcome measures included clinical pregnancy (defined 
as a gestational sac on ultrasound following a positive pregnancy test), multiple 

pregnancy (defined as a positive heartbeat of at least two foetuses on ultrasound 
beyond 10 weeks gestation), life birth (defined as a life birth beyond 24 weeks 
gestation), miscarriage (defined as the presence of non-vitality on ultrasound or 
spontaneous loss off pregnancy before 12 weeks gestation), ectopic pregnancy 
(defined as an embryo implanted outside the uterine cavity), time to ongoing 
pregnancy (with the first day of last menstruation before a positive pregnancy test 
considered as the end of time until ongoing pregnancy) and pain scores following 
hSG, measured by a Visual Analogue Scale (VAS) (0.0 – 10.0 cm). We also compared 
the rate of tubal blockage detected at hSG. one-sided tubal blockage was defined as 
no spill of contrast into the abdominal cavity from one of the fallopian tubes. Two-
sided tubal blockage was defined as no spill of contrast medium into the abdominal 
cavity from both fallopian tubes.

Statistical Analysis

To detect a minimally important difference in ongoing pregnancies of 7% over 
a control rate of 18% following hSG, we needed to assign 1080 women (540 to 
each study group) (80% power, alpha error of 5%).9, 10 An interim analysis was not 
performed, as the study compares two regular interventions. 

categorical data were reported as absolute numbers and percentages. Normally 
distributed continuous variables were summarised as means with standard 
deviations and non-normally distributed continuous variables were reported as 
medians with interquartile ranges. Among the baseline characteristics, we compared 
semen quality. We also compared the prognostic profile on a natural conception 
within 12 months, as based on the prognostic model of hunault.13, 14 (Table 3)

All data were analysed according to the intention to treat principle. Relative Risks 
(RR) were calculated for the primary and other binary outcome measures and chi-
square test was used to assess statistical significance. continuous outcomes were 
analysed using an Independent T-test or mann–Whitney U- Test as appropriate. 
We used Kaplan-meier curves with a log rank test to compare time to ongoing 
pregnancy between the groups. p-values < 0.05 were considered to indicate statistical 
significance. The IBm Statistical package for Social Sciences (SpSS) version 22.0 (IBm 
corp., USA) was used for statistical analyses.

Study oversight 

The h2oil study was approved by the ethics committee and institutional review 
board of the Academic medical centre, Amsterdam, the Netherlands (mEc 08/362) 
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and by the board of directors of all participating hospitals. Study oversight was 
provided by the ethics committee of the Academic medical centre, Amsterdam. Data 
monitoring was provided by research nurses in each of the participating centres. All 
the authors were involved in the recruitment of participants, collection, analysis, 
and interpretation of the data; writing and critical reviewing the manuscript; and 
the decision to submit the manuscript for publication. The trial was registered as 
Water- versus oil study (h2oil study) in the Dutch Trial Registry (NTR3270) (1-feb-
2012). 

RESULTS

Study participants

Between february 3rd, 2012 and october 29th, 2014, a total of 1294 subfertile women 
were screened for eligibility to participate in the h2oil study, of whom 1240 met 
the inclusion criteria and 1119 provided informed consent. These 1119 women were 
randomised to the use of oil-based contrast medium (n = 557) or water-based contrast 
medium (n = 562) at hSG. (figure 1) The follow-up rate to the primary outcome, 
ongoing pregnancy, was 1108/1119 (99.0%), 99.5% in the oil-group versus 98.6% in the 
water-group. As the number of missing’s was very low, we did not imputate missing 
values, but did calculations using available data. 

The baseline characteristics were comparable between both study groups (Table 
1). There were 797 women who underwent hSG on the day of randomisation, 56 
women on the next day, and 251 women more than one day after randomisation 
(range 3 to 10 days). median female age was 32.8 year (range 30.1 to 35.7) versus 33.0 
year (range 29.9 to 35.7), and median duration of subfertility was 19.3 months (range 
15.4 to 25.7) versus 18.8 months (range 14.8 to 26.3) in the oil-group versus water-
group respectively. The median Vcm (semen volume x concentration x motility 
count, without processing) in the oil-based contrast group (54.8, range 18.8 to 126.6) 
was comparable with the median Vcm in the water-based contrast group (54.5, 
range 21.7 to 110.7) The median prognosis of natural conception within 12 months 
was 35.4% in the oil-group versus 35.8% in the water-group (p = 0.45). (Table 3)

Figure 1: Participant flowchart

Assessed for eligibility (n= 1294)

Enrollment

Allocation

Follow-Up

Analysis

Randomized (n= 1119)

Excluded  (n= 175)
• Not meeting inclusion criteria (n= 47)
• Declined to participate (n= 121)
• Pregnant before randomisation (n=5)
• Declined HSG (n= 2)

Allocated to oil-based contrast medium
(Lipiodol Uf®) (n= 557)

• Received allocated intervention (n=549)
• Did not receive allocated intervention (n=8) 

- n =4 hSG with water-based contrast
- n = 1 second hSG with water- based contrast

- n = 3 pregnant before hSG

• Not-eligible, when reassessed (n=73)
- n = 14 endocinological diseases

- n = 1 previous unilateral tubectomy 
- n = 3 > 39 years at time of randomisation

- n = 55 less than 1 year subfertile

Allocated to water-based contrast medium
(Telebrix hystero®) (n= 562)

• Received allocated intervention (n=556)
• Did not receive allocated intervention (= 6)

- n = 5 other water-based contrast than  
Telebrix hystero®

- n = 1 pregnant before hSG

• Not-eligible, when reassessed (n=75)
- n = 13 endocinological diseases

- n = 4 > 39 years at time of randomisation
- n = 58 less than 1 year subfertile

Lost to follow-up (n=3 )
Discontinued intervention (n=0)

Lost to follow-up  (n= 8)
Discontinued intervention (n=1 )

• n = 1 Withdrew informed consent

Analysed  (n= 557)
• Excluded from analysis (n= 0)

Analysed  (n= 562)
• Excluded from analysis (n= 0)
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Table 1: Baseline characteristics of the study participants according to randomization group.

Descriptive characteristic

Oil-based 
contrast
n = 557

Water-based 
contrast
n = 562

All
n= 1119

median age (years) (IQR) 32.8 (30.1-35.7) 33.0 (29.9-35.7) 32.9 (30.0-35.7)

maternal age 18 to 35 years (%) 382/556 (68.7) 388/560 (69.3) 770/1116 (69.0)

maternal age > 35 years (%) 174/556 (31.3) 172/560 (30.7) 346/1116 (31.0)

median maternal height (m) (IQR) 1.70 (1.65 – 1.75) 1.70 (1.65 – 1.75) 1.70 (1.65 – 1.75)

median maternal weight (kg) (IQR) 67.0 (60.0 – 76.0) 65.0 (60.0 – 74.0) 66.0 (60.0 – 75.0)

median maternal BmI (kg/m2) (IQR) 23.0 (20.8 – 26.4) 22.8 (20.8 – 25.5) 22.9 (20.8 – 25.8)

maternal BmI >30.0kg/m2 (%) 61/509 (12.0) 43/505 (8.5) 104/1014 (10.3)

median duration of subfertility (IQR) 19.3 (15.4 – 25.7) 18.8 (14.8 – 26.3) 19.1 (15.0 – 26.0)

median cycle duration (IQR) 28.0 (27.0 – 30.0) 28.0 (28.0 – 30.0) 28.0 (28.0 – 30.0)

Referred by

General physician (%) 483/557 (86.7) 498/560 (88.9) 981/1117 (87.8)

Gynaecologist (%) 46/557 (8.3) 38/560 (6.8) 84/1117 (7.5)

Urologist (%) 3/557 (0.5) 2/560 (0.4) 5/1117 (0.4)

own initiative (%) 14/557 (2.5) 16/560 (2.9) 30/1117 (2.7)

Andrologist (%) 2/557 (0.4) 0/560 (0.0) 2/1117 (0.2)

other (%) 9/557 (1.6) 6/560 (1.1) 15/1117 (1.3)

maternal ethnicity

caucasian (%) 410/557 (73.6) 420/562 (74.7) 830/1119 (74.2)

Indian, pakistani, Bangladeshi (%) 6/557 (1.1) 4/562 (0.7) 10/1119 (0.9)

Afro-caribbean (%) 3/557 (0.5) 9/562 (1.6) 12/1119 (1.1)

hindu, caribbean (%) 6/557 (1.1) 6/562 (1.1) 12/1119 (1.1)

African (sub-Sahara) (%) 2/557 (0.4) 1/562 (0.2) 3/1119 (0.3)

middle-Eastern, North-African (%) 25/557 (4.5) 19/562 (3.4) 44/1119 (3.9)

Asian (%) 9/557 (1.6) 15/562 (2.7) 24/1119 (2.1)

other (%) 6/557 (1.1) 7/562 (1.2) 13/1119 (1.2)

Unknown (%) 90/557 (16.2) 81/562 (14.4) 171/1119 (15.3)

maternal smoking

Smoker (%) 78/557 (14.0) 96/562 (17.1) 174/1119 (15.5)

median amount of cigarettes/day 

(IQR)

10 (5 – 12) 10 (5 – 15) 10 (5 – 12)

Non-smoker (%) 443/557 (79.5) 438/562 (77.9) 881/1119 (78.7)

Unknown (%) 36/557 (6.5) 28/562 (5.0) 64/1119 (5.7)

previous surgeries

LLETZ or conisation (%) 22/557 (3.9) 26/562 (4.6) 48/1119 (4.3)

Resection of myomas, polyps, 

cystectomy (%)

3/557 (0.5) 5/562 (0.9) 8/1119 (0.7)

Tubal surgery (%) 2/557 (0.4) 0/562 (0.0) 2/1119 (0.2)

previous appendectomy (%) 21/557 (3.8) 27/562 (4.8) 48/1119 (4.3)

previous other intestinal surgery (%) 12/557 (2.2) 10/562 (1.8) 22/1119 (2.0)

Subfertility

primary subfertility (%) 375/557 (67.3) 379/561 (67.6) 754/1118 (67.4)

Secondary subfertility (%) 182/557 (32.7) 182/561 (32.4) 364/1118 (32.6)

median Vcm (IQR) 54.8 (18.8 – 126.6) 54.5 (21.7 – 110.7) 54.6 (20.3 – 120.4)

hSG showed bilateral tubal patency in 480/554 (86.6%) of the women randomised 
to oil-based contrast media compared to 496/558 (88.9%) women randomised to 
water-based contrast medium (RR 0.97; 95% cI, 0.93 to 1.02). (Table 2) Bilateral tubal 
occlusion rates were 9/554 (1.6%) in the oil-group versus 13/558 (2.3%) in the water-
group (RR 0.70; 95% cI, 0.30 to 1.62). Unilateral occlusion rates were 7.9% versus 6.1% 
(RR 1.30; 95% cI, 0.85 to 2.01). The tubal occlusion rates and thus the diagnosis tubal 
factor subfertility did not differ between the two groups. 
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Table 2: HSG results

HSG characteristic

Oil-based 
contrast
n = 554

Water-based 
contrast
n = 560 p-value

median volume of contrast medium 

(IQR)

9.0 (5.7 – 15.0) 8.0 (5.9 – 13.0) 0.65

hSG completed (%) 541/554 (97.7) 548/560 (97.9) 0.82

median VAS pain score (IQR) 4.8 (3.0 – 6.4) 5.0 (3.0 – 6.8) 0.24

median days of blood loss (IQR) 0.0 (0.0 – 1.0) 0.0 (0.0 – 1.0) 0.49

Shape Uterine cavity

Normal (%) 528/544 (95.3) 536/560 (95.7) 0.74

Bicornis (%) 2/554 (0.4) 5/560 (0.9) 0.45

Didelphis (%) 0/554 (0.0) 0/560 (0.0) n/a

Subseptus (%) 2/554 (0.4) 1/560 (0.2) 0.62

other (%) 10/554 (1.8) 5/560 (0.9) 0.19

Unknown (%) 12/554 (2.2) 13/560 (2.3) 0.86

filling Uterine cavity

Normal (%) 524/554 (94.6) 531/560 (94.8) 0.86

Suspect for fibroid (%) 2/554 (0.4) 1/560 (0.2) 0.62

Suspect for polyp (%) 12/554 (2.2) 3/560 (0.5) 0.02

Suspect for adhesions (%) 1/554 (0.2) 3/560 (0.5) 0.62

other (%) 3/554 (0.5) 6/560 (1.1) 0.51

Unknown (%) 12/554 (2.2) 16/560 (2.9) 0.46

Tubal status at HSG Relative Risk  

(95% CI)

Bilateral patency (%) 480/554 (86.6) 496/558 (88.9) 0.97 (0.93 – 1.02)

Unilateral occlusion (%)

    Unilateral proximal occlusion (%)

    Unilateral distal occlusion (%)

44/554 (7.9)

36/554 (6.5)

8/554 (1.4)

34/558 (6.1)

25/558 (4.5)

9/558 (1.6)

1.30 (0.85 – 2.01)

1.45 (0.88 – 2.38)

0.90 (0.35 – 2.30)

Bilateral occlusion (%)

    Bilateral proximal occlusion (%)

    Bilateral distal occlusion (%)

9/554 (1.6)

5/554 (0.9)

4/554 (0.7)

13/558 (2.3)

10/558 (1.8)

3/558 (0.5)

0.70 (0.30 – 1.6)

0.50 (0.17 – 1.46)

1.34 (0.30 – 5.97)

patency other (%) 21/554 (3.8) 15/558 (2.7) 1.41 (0.73 – 2.71)

After completion of the fertility work up, 347/556 (62.4%) women randomised for 
oil-based contrast medium had 6 months expectative management versus 348/555 
(62.7%) women in the water-based group. In the oil-group, there were 231/556 (41.5%) 
women who underwent IUI (total 509 IUI cycles, median time to start of IUI after 
randomisation 2 months) during the first six months following randomisation 
versus 242/554 (43.7%) women (total 601 IUI cycles, median time to start IUI after 
randomisation 2 months) in the water-based contrast medium. (Table 3) There 
were 13 women having IVf/IcSI in the oil-group (of whom one woman had an IVf 
treatment and subsequently underwent an IcSI treatments) versus 12 in the water-
group. Indications for IVf/IcSI were double sided tubal pathology in 2 versus 1 
woman, severe male factor diagnosed after completion of the fertility work-up in 1 
versus 4 women, and 1 woman randomized for oil contract underwent IVf because 
of intra-abdominal adhesions diagnosed by a subsequent diagnostic laparoscopy, 
that was performed because of bilateral distal occlusion on hSG. IVf/IcSI was 
performed without clear indication in 9 versus 7 women, respectively. 

Table 3: Results of fertility work-up and received treatment

Fertility work-up

Oil-based 
contrast
 n = 557

Water-based 
contrast
n = 562 p-value

Subfertility based on

Idiopathic/mild male factor (%) 452/555 (81.4) 469/560 (83.8) 0.31

Tubal factor (%) 50/555 (9.0) 44/560 (7.9) 0.49

other (%) 53/555 (9.5) 47/560 (8.4) 0.50

median prognostic index % (IQR) 35.43 (26.61–45.38) 35.77 (26.76–45.82) 0.45

Received treatment

Expectant for at least 6 months (%) 347/556 (62.4) 348/555 (62.7) 0.92

IUI without stimulation (%) 89/556 (16.0) 96/554 (17.3) 0.56

IUI with mild hormone stimulation (%) 142/556 (25.5) 146/554 (26.4) 0.76

IVf (%) 12/556 (2.2) 7/555 (1.3) 0.25

IcSI (%) 2/556 (0.4) 5/555 (0.9) 0.29

operation

Laparoscopy (%) 33/552 (6.2) 34/550 (6.2) 0.99

hysteroscopy (%) 24/552 (4.3) 23/550 (4.2) 0.89

other management (%) 24/556 (4.3) 14/560 (2.5) 0.09
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Outcomes

The primary outcome ongoing pregnancy occurred in 220/554 (39.7%) women in 
the oil-group, versus 161/554 (29.1%) in the water-group (RR 1.37; 95% cI, 1.16 to 
1.61). The median time to ongoing pregnancy was comparable between the two 
groups (2.5 months; range 2.0 to 3.1 in the oil-group versus 2.5 months; range 1.9 
to 3.1 in the water-group) (p 0.64). The Kaplan-meier curve indicated a statistical 
significant difference in ongoing pregnancies (p = 0.008)(figure 2). Already 1 month 
after randomisation, there was a difference in ongoing pregnancies (12.8% in the 
oil-group versus 8.9% in the water-group, p=0.04), indicating the direct effect of the 
tubal flushing.

Figure 2. Kaplan-Meier curve expressing time to ongoing pregnancy in both groups

The clinical pregnancy rate was 251/554 (45.3%) in the oil-group versus 194/554 
(35.0%) in the water-group (RR 1.29; 95%cI, 1.12 to 1.50). In the oil-group the life 
births beyond 24 weeks gestation were 205/546 (37.5%) compared to 152/546 (27.8%) 
in the water-based contrast group (RR 1.35; 95% cI, 1.13 to 1.60). There were no 
differences in multiple pregnancies (3/220 (1.4%) versus 3/161 (1.9%), RR 0.73; 95% cI 
0.15 to 3.58), miscarriages (29/554 (5.2%) versus 31/554 (5.6%), RR 0.94; 95% cI, 0.57 to 
1.53) and ectopic pregnancies (2/554 (0.4%) versus 2/554 (0.4%), RR 1.00; 95% cI 0.14 to 
7.07) between the two groups. (Table 4)

Table 4: Primary outcome and secondary outcomes

Outcome
Oil-based 
contrast

Water-based 
contrast All

Relative Risk 
(95% CI)

Number of participants (n) 554 554 1108

ongoing pregnancy (%) 220/554 (39.7) 161/554 (29.1) 381/1108 (34.4) 1.37 (1.16 - 1.61)

mode of conception

Natural conception (%) 162/220 (73.6) 117/161 (72.7) 279/381 (73.2) 1.01 (0.90-1.15)

IUI without stimulation (%) 15/220(6.8) 16/161 (9.9) 31/381(8.1) 0.69 (0.35-1.35)

IUI with stimulation (%) 39/220 (17.7) 26/161 (16.1) 65/381 (17.1) 1.10 (0.70-1.73)

IVf/IcSI (%) 4/220 (1.8) 2/161 (1.2) 6/381 (1.6) 1.46 (0.27-7.89)

clinical pregnancy (%) 251/554 (45.3) 194/554 (35.0) 445/1108 (40.2) 1.29 (1.12-1.50)

miscarriage (%) 29/554(5.2) 31/554 (5.6) 60/1108 (5.4) 0.94 (0.57-1.53)

Ectopic pregnancy (%) 2/554 (0.4) 2/554 (0.4) 4/1108 (0.4) 1.00 (0.14-7.07)

Stillbirth (%) 4/220(1.8) 4/161 (2.5) 8/381 (2.1) 0.73 (0.19 – 2.88)

Live births (≥24+0) (%) 205/546 (37.5) 152/546 (27.8) 357/1092 (32.7) 1.35 (1.13 – 1.60)

Twin live births (≥24+0) (%) 3/220 (1.4) 3/161 (1.9) 6/381(1.6) 0.73 (0.15 – 3.58)

Duration of pregnancy (weeks) 39.9 (38.9 – 40.9) 39.9 (38.5 – 40.6) 39.9 (38.7 – 40.7) 0.11

Complications during pregnancy n=206 n=153 n=359 Relative Risk  
(95% CI)

Diabetes gravidarum (%) 8/206 (3.9) 9/153 (5.9) 17/359 (4.7) 0.66 (0.26 - 1.67)

hypertensive disease (%) 13/206 (6.13) 12/153 (7.8) 25/359 (7.0) 0.80 (0.38 to 1.71)

placenta previa (%) 1/206 (0.5%) 1/153 (0.7%) 2/359(0.6) 0.74 (0.05 to 11.78)

Intrauterine growth restriction (%) 9/206 (4.4%) 5/153 (3.3%) 14/359 (3.9) 1.34 (0.46 to 3.91)

other (%) 26/206 (16.6) 14/153 (9.2) 40/359 (11.1) 1.38 (0.75 to 2.55)

Neonatal outcomes

Number of babies 205 152 357

male (%) 109/205 (53.2) 68/152 (44.7) 177/357 (49.6) 1.19 (0.96 – 1.48)

female (%) 96/205 (46.8) 84/152 (55.3) 180/357 (50.4) 0.85 (0.69 – 1.04)

median birth weight (gram) (IQR) 3410 (3083 – 3748) 3397 (3025 – 3735) 3410 (3065 – 3745) 0.81

congenital anomalies (any) (%) 3/205 (1.5) 0/151 (0.0) 3/365 (0.8) 5.17 (0.27 – 99.26)

Adverse Events (AEs) (%) * 3/557 (0.5%) 4/562 (0.7%) 11/1119 (0.6%) 0.76 (0.17 - 3.37)
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pain during hSG as assessed with a Visual Analogue Scale (VAS) (0.0 – 10.0 cm) did 
not differ between the oil- and water-based group (median 4.8 cm (range 3.0 to 6.4) 
versus 5.0 cm (range 3.0 to 6.8), respectively (p= 0.24)). Three women (0.5%) randomised 
for oil-based contrast medium and four women (0.7%) randomised for water-based 
contrast medium had an adverse event (AE) during the study period (RR 0.76; 95% 
cI, 0.17 to 3.37)). (Table 4) In the oil-group, two women had an ectopic pregnancy 
and underwent a laparoscopic unilateral salpingectomy. one woman had a molar 
pregnancy and underwent a vacuum curettage. In the water-based contrast group, 
two women had an ectopic pregnancy and underwent a laparoscopic unilateral 
salpingectomy. one woman had a bloody nose following puregon® injection during 
her IUI treatment with hormone stimulation and one women showed contrast in the 
urinary bladder during hSG, that resolves without treatment.

Three women in the oil-group delivered a child with a congenital anomaly (1.4%). 
one child was born with a skeletal dysplasia and died following abstinence. 
A second child who was born with an oesophageal atresia, had an operation 4 
days post-partum and is healthy now. The third child has been diagnosed with a 
chromosomal mosaicism and has a developmental delay. In the water-group, none 
of the life births was born with a congenital anomaly.

DISCUSSION

The h2oil study found that in subfertile women undergoing hSG for tubal patency 
testing, use of an oil-based contrast medium increases the six months ongoing 
pregnancies as compared to water-based contrast medium (39.7% versus 29.1%) 
(RR 1.37; 95% cI 1.16 to 1.61). The clinical pregnancies and life births following hSG 
with oil-based contrast medium were also higher than after hSG with water-based 
contrast medium. multiple pregnancies, miscarriages, ectopic pregnancies and time 
to ongoing pregnancy were comparable between the two groups.

The h2oil study was designed as a robust randomised controlled trial, with a large 
predefined sample size, resulting in an accurate estimate of the treatment effect of 
oil-based contrast medium. Randomisation and allocation concealment ensured 
elimination of selection bias. The number of women recruited and randomised 
exceeded the calculated number of women necessary to detect a minimally important 
difference in ongoing pregnancy rate of 7% between the two study groups.

Limitations 

The study has limitations. ongoing pregnancy was chosen as primary outcome 
measure instead of life birth, as ongoing pregnancies better reflects the treatment 
effect.15 however, this effect was also reflected in a better life birth rate after the 
use of oil-based contrast. Secondly, this study was not blinded. oil- and water-
based contrast medium give different imaging on X-Rays. Blinding participants 
and doctors who performed the hSGs was unfeasible in daily practice as the doctor 
who performed the hSG also had to evaluate the patency of the fallopian tubes 
during the examination. however, the primary endpoint ongoing pregnancy is 
objective, which makes it unlikely that unblinding the study influenced the outcome 
measures. furthermore, the number of women receiving IUI or IVf/IcSI was similar 
in both study groups, which makes it unlikely that the lack of masking influenced 
the received treatment following hSG. finally, we only studied subfertile women 
with a low risk of tubal pathology younger than 39 years without endocrinological 
diseases such as pcoS, hyperthyroidism or hyperprolactinemia. This limits the 
generalizability of our findings to these other categories of subfertile women. 

The underlying fertility enhancing mechanism of the oil-based contrast medium is 
unclear. Some studies suggest that tubal patency testing with an oily medium will 
flush debris and dislodge mucus plugs from undamaged tubes.3, 4 The fact that we 
found less double sided tubal blockage after hSG with oil-soluble contrast might 
support the theory of more effective flushing with oil-soluble contrast. however, the 
same effect of tubal patency testing with the use of water-based contrast medium 
is plausible. It is also suggested that the oil-based contrast medium lipiodol® has an 
effect on the peritoneal macrophage activity and on the endometrial receptivity and 
thereby enhancing fertility by an implantation mediated mechanism.16-22 

Future implications

There are five previous randomised controlled trials that have compared the 
therapeutic effect of the use of oil-based contrast and water-based contrast medium 
during hSG with respect to ongoing pregnancies. Three of these studies showed 
no difference in ongoing pregnancies between the two contrast media used during 
hSG (Alper et al. oR 0.8; 95% cI, 0.3 to 1.8) (Lindequist et al. oR 1.3; 95% cI, 0.7 to 
2.4) (Spring et al. oR 0.9; 95% cI, 0.6 to 1.4).7, 9, 11 The other two RcTs show a tendency 
to higher ongoing pregnancies following hSG with the use of oil-based contrast 
medium, of whom one study reached a significant difference (de Boer et al. oR 
1.8; 95% cI, 0.95 to 3.44)(Rasmussen et al. oR 3.5; 95%cI, 2.0 to 6.0).7, 8, 10 however, 
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all studies were of relative low quality due to a high risk of selection and attrition 
bias. furthermore, the sample sizes of all studies were too small to demonstrate a 
difference in ongoing pregnancy rate of less than 10%.6 

Tubal flushing with hSG during the fertility work-up is minimally invasive and not 
expensive. our study showed that, as compared to hSG with water-soluble contrast, 
the use of oil-soluble contrast reduces the need for subsequent treatment with IUI 
and IVf with 10%, corresponding with a Number Needed to Treat of 10. Safety 
of the use of oil-soluble contrast might be an issue. There is a theoretical risk of 
intravasation of the oil-contrast with a subsequent allergic reaction or fat embolism. 
however, we did not observe this in our study, as it has neither been reported in 
other randomised studies reporting on 296 women with an hSG with oil-based 
contrast, nor in other cohort studies.17 It is also important to stress that almost all 
pregnancies established were singleton, thus increasing the safety of subsequent 
pregnancy.23 finally, it should not be excluded that the treatment benefit from the 
use of oil-soluble contrast continues to increases after 6 months, as even in the 6th 
month after randomisation there was a benefit in the oil-group. 

Recently a new technique for outpatient tubal patency testing, hysterosalingofoam 
sonography (hyfoSy), has been introduced. A hyfoSy is a sonographic tubal 
patency test, which uses echogenic foam to evaluate whether the fallopian tubes 
are patent.24-26 The foam used for this method of tubal patency testing is created by 
rigorously mixing ExEm® gel with water. Implementation of this new method for 
tubal patency testing without proper evaluation may lead to lower pregnancy rates 
as compared to the use of hSG with oily contrast medium. It is important to realize 
that meta-analysis has shown that flushing the tubes with oil contrast during other 
methods of tubal patency testing than hSG may also increases pregnancy rates.6 In 
case tubal patency testing is not performed by hSG, we would like to advice tubal 
flushing with oil contrast after other tubal tests.

In view of the large treatment effect of a low cost intervention, the safety of the 
procedure and the safety of subsequent pregnancies, we feel that adequate counselling 
of subfertile couples and the availability of hSG are important issues, specifically in 
the IVf dominated area that reproductive medicine is. couples with unexplained 
subfertility and mild male subfertility should be offered tubal flushing with oil 
contrast as first line treatment followed by a period of aiming to conceive without 
IVf. It may be considered to introduce financial incentives to use hSG, including non-
access to IVf for everyone who has not had an hSG at least 6 months before.

Conclusions 

In summary, in subfertile women tubal patency testing by hSG with an oil-based 
contrast medium leads to higher ongoing pregnancies and life births compared to 
the use of water-based contrast medium in the first six months. Therefore, flushing 
the tubes with oil-based contrast medium should be offered routinely to subfertile 
women as part of the fertility work-up.
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