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GENERAL INTRODUCTION

Reinier de Graaf (1641-1673) was a Dutch physician and anatomist who may have 
been the first who understood and described the function of the fallopian tubes. 
Although the fallopian tubes were named after Gabriele falloppio (1523-1562), who 
described the anatomy of these female organs for the first time, Reinier de Graaf 
was the first to discover their true function. These tubes, also known as salpinges, 
facilitate the transport of sperm cells from the uterus to the distal part of the tubes, 
and conversely of the oocyte and embryo from the distal part to the uterus. fallopian 
tubes can be divided into different parts: the intramural segment, the isthmus, the 
ampulla and the infundibulum with its fimbrial end (figure 1).1;2 

Figure 1: Uterus and Fallopian tubes

The infundibulum picks-up the ovulated egg with the fimbrial end, and facilitates 
the entrance of the oocyte into the ampulla. The sperm cells, which enter the uterus 
by the vagina and the cervix, swim from the intramural segment through the 
fallopian tubes to the ampulla were they meet the oocyte and where fertilization 
can occur, with the growth of an embryo as result. The epithelium of the ampulla 
contains ciliated and non-ciliated cells. The ciliated cells facilitate the transport of 
the embryo from the ampulla through the isthmus and intramural segment into the 
uterus, together by peristaltic contractions of the tubal wall. The non-ciliated cells 
produce tubal fluid, containing nutrients that influence the embryo development. 
The production of tubal fluid changes during the menstrual cycle with the highest 

production around the time of ovulation. When the embryo enters the uterus, 
implantation in the endometrium will take place and the pregnancy can further 
develop.

TUBAL SUBFERTILITY

Subfertility is defined as the inability to conceive within one year of unprotected 
intercourse.3 It affects approximately one out of ten couples trying to get pregnant.4 
In the Netherlands about 50.000 couples consult a general practitioner because of 
subfertility each year and 30.000 of these couples visit a gynaecologist.5 one of the 
most common types of subfertility is tubal subfertility, with an incidence of 15-30%.6 
Tubal subfertility is the result of injury to the fallopian tubes, called tubal pathology. 
The three most common causes of tubal pathology and thus tubal subfertility, 
are pelvic inflammatory diseases (pID), endometriosis and injury due to surgical 
procedures.1

Tubal pathology can be classified as proximal or distal. proximal tubal pathology 
concerns injury to the intramural segment or isthmus of the fallopian tube. This 
form is seen in 20-25% of women with tubal subfertility. pathology of the ampulla, 
infundibulum or fimbriae is called distal tubal pathology and affects 70-90% of 
women with tubal subfertility.1 When the fimbrial end of the tube is completely 
occluded, fluid produced by the non-ciliated cells will collect in the distal part of 
the tube leading to distension. This form of tubal pathology is called a hydrosalpinx 
and represents the most severe form of distal tubal pathology. 

DIAGNOSIS OF TUBAL SUBFERTILITY

As part of a standard evaluation of subfertility, which generally includes an 
assessment of the (ovulatory) cycle and a semen analysis, the patency of the fallopian 
tubes is assessed.5 This evaluation of tubal patency can be done by several different 
tests, including hysterosalpingography (hSG), Rubin’s test (not in use anymore), 
diagnostic laparoscopy and hysterosalpingo sonography. Each of these tests has 
different diagnostic and therapeutic options, potential complications and costs, but 
all of them are primarily used to evaluate the patency of the fallopian tubes.

hysterosalpingography (hSG) is one of the oldest tubal patency tests, and is still 
commonly used in the Netherlands.6 With hSG a radiopaque contrast medium 
is infused through the cervix into the uterine cavity and subsequently into the 
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fallopian tubes. During infusion of the contrast radiographs (X-ray’s) are made to 
evaluate the shape of the uterine cavity and the patency of the fallopian tubes.7 The 
technique of hSG has hardly changed over the years. however, the type of contrast 
medium to be used has constantly been subject of debate. The hSG procedure 
was first describes in 1910 by Rindfleisch using injection of a bismuth solution, 
although he only evaluated the uterine cavity.8 cary was the first who described 
the evaluation of tubal patency by the hSG procedure in 1914, with collergol® as 
radiopaque contrast medium.9 however, since collergol® was found to potentially 
cause serious adverse events like peritonitis and severe pain, hSG was abandoned 
for several years.10 Some 10 years later hSG was re-introduced with the use of an 
oil-based contrast medium: Lipiodol®. Lipiodol® seemed to offer a save alternative 
to collergol®. however, Lipiodol® was subsequently gradually replaced by different 
water-based contrast media in most clinics. Reasons were lower costs, better 
imaging of the ampulla and a lower likelihood of complications such as anaphylaxis 
or lipogranuloma formation. 

Another aspect of hSG that has been subject of debate for many years, is the potential 
therapeutic effect of an hSG. Although initially introduced as a diagnostic test, 
hSG is suggested to lead to an increase in pregnancy rate.11 however, high-quality 
evidence supporting this theory is lacking. furthermore, it is unclear whether 
the choice of contrast medium used during hSG affects this potential therapeutic 
effect.12 

In 1920, while the hSG procedure with use of collergol® was abandoned, Rubin 
introduced an alternative method to evaluate tubal patency, also known as Rubin’s 
test.13 With Rubin’s test, gas is insufflated through the cervix into the uterine cavity. 
Subsequently, trans tubal passage of gas, and thus tubal patency, is assessed 
by listening with a stethoscope for gas-bubbles escaping the tubal ends into the 
abdominal cavity. Additionally, women are asked to stand up after the procedure 
to determine if referred shoulder pain is experienced from diaphragmatic irritation 
by the gas. presence of intra-abdominal gas may also be demonstrated by X-ray 
or fluoroscopy. for his test, Rubin first used oxygen but later switched to carbon 
dioxide for insufflation, as carbon dioxide is absorbed more quickly and causes less 
pain.

Another way to assess tubal patency is by direct visualisation of the female genital 
tract. Until the late nineteen-forties this could only be done by laparotomy. The 
disadvantage of a laparotomy is the high risk of complications. furthermore, 

laparotomic surgery can induce intra-abdominal adhesions, which can lead to 
tubal pathology and tubal infertility as result. A less invasive surgical technique, 
laparoscopic surgery, was first performed in humans in 1910 by the Swedish internist 
hans christian Jacobaeus. During the ensuing decades, numerous individuals 
refined and popularized this surgical approach. It was until 1947 when Raoul palmer, 
a french gynaecologist, was the first who published on diagnostic laparoscopy 
for evaluation of the internal female genital tract. palmer used a cystoscope to 
directly observe the female genital organs trans-abdominally. Specific evaluation 
of tubal patency using diagnostic laparoscopy was first done in the mid-1980s, 
when chromopertubation was added to the procedure. With chromopertubation a 
contrast medium is infused through the cervix into the uterine cavity. passage of 
contrast through the fallopian tubes into the abdominal cavity is evaluated by direct 
visualisation with the laparoscope. Laparoscopy has the advantage over other tubal 
patency tests that it allows direct visualisation of the whole female internal genital 
tract, and enables treatment during the same procedure in case of abnormal findings. 
Therefore, diagnostic laparoscopy is currently considered the gold standard test for 
evaluation of tubal patency, although it is an invasive procedure and carries more 
risks compared to the other tubal patency tests.6 

The most recent development in tubal patency testing is based on transvaginal 
ultrasound examination of the fallopian tubes. Ultrasound is a commonly used 
imaging technique in gynaecology and reproductive medicine. It has the advantages 
of being save and minimally invasive. Since the introduction of the transvaginal 
ultrasound in the mid-1980s, the imaging technique has been widely used for 
various diagnostic purposes. Initially the ultrasound was used to evaluate the 
ovaries in women undergoing fertility treatments. As the imaging quality improved, 
evaluation of other parts of the female internal genitals, like the uterus and cervix, 
became possible. Even the formation of hydrosalpinges could now be diagnosed by 
ultrasound examination.14 This raised the question if evaluation of tubal patency could 
also be done by this diagnostic technique. Deichter was the first to do so in 1986, and 
introduced the sonographic tubal patency test hysterosalpingocontrast sonography 
(hycoSy).15-17 During hycoSy an echogenic contract medium (Echovist®) is infused 
into the uterine cavity. At the same time a transvaginal ultrasound examination 
is performed to examine the uterus and uterine cavity, and to observe whether or 
not flow of contrast is seen through the fallopian tubes. In contrast to hSG, the 
ovaries can also be evaluated during this test. The hycoSy has been suggested to 
offer a less invasive alternative to hSG (no X-ray) and diagnostic laparoscopy (no 
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surgery). The accuracy of hycoSy was shown to be comparable to or even better 
than hSG in predicting tubal patency.18-21 however, the required echogenic medium 
for hycoSy, Echovist®, was found to potentially cause allergic reactions and its use 
for sonographic tubal patency testing was stopped. In 1995 heikkinen developed 
an alternative medium for sonographic tubal patency testing, using air mixed in 
saline instead of Echovist®.22 A disadvantage of this contrast medium is that the air 
bubbles rapidly disappear from the saline, requiring a very quick evaluation of the 
tubal status. Therefore, Exalto and Emanuel developed a more stable medium for 
sonographic tubal patency testing in 2011: echogenic foam. This echogenic foam 
is created by rigorously mixing 10 cc ExEm-gel® with 10 cc of purified water in a 
20 cc syringe. The created foam is stable for approximately 5 minutes and fluidly 
enough to pass through patent tubes. By replacing Echovist® or air in saline by this 
echogenic foam, the resulting hysterosalpingo-foam sonography (hyfoSy) offered 
a new minimal invasive technique for tubal patency testing.23;24 

TREATMENT OF TUBAL SUBFERTILITY

The location and the severity of tubal pathology determine the best treatment option. 
In vitro fertilisation (IVf) is the best treatment in case of proximal tubal pathology, 
severe tubal pathology, or a combined proximal and distal tubal pathology. however 
for women with isolated distal tubal pathology there are also surgical options 
besides IVf. for example, a narrowing of the distal end of the fallopian tube, called 
phimosis, can be surgical corrected by a fimbrioplasty. Adhesions at the outside of 
the fallopian tube, leading to reduced motility of the tube or narrowing or occlusion 
of the tubal lumen, can be treated by a laparoscopic adhesiolysis (removal of the 
adhesions). 

As aforementioned, the most severe form of tubal subfertility is a hydrosalpinx.  
Women with hydrosalpinges are often designated to IVf to become pregnant. 
however, the presence of hydrosalpinges during IVf treatment has been found to 
markedly reduce pregnancy outcomes following IVf treatment with almost 50%.25;26 
There are several theories explaining the negative influence of hydrosalpinges on 
IVf outcomes. The most common theory is that the collected tubal fluid may leak 
into the uterine cavity and can washout a transferred embryo.27-29 The presence of 
hydrosalpingeal fluid in the uterine cavity is also suggested to have a detrimental 
influence on endometrial receptivity, thereby impairing the implantation 
potential.30-32 Embryo toxicity of hydrosalpingeal fluid has also been suggested as 

cause for the reduced pregnancy outcome following IVf.33 Because of the negative 
influence, subfertile women with hydrosalpinges need to be treated to increase 
their pregnancy chances before they start IVf. Various interventions have been 
studied as treatment for hydrosalpinges.34 All are based on blocking or reducing 
the flow of hydrosalpinx fluid towards the uterine cavity. possible interventions 
include laparoscopic salpingectomy (surgical removal of the whole fallopian 
tube), salpingostomy (opening the distended distal part of the hydrosalpinx), 
proximal tubal ligation (occluding the proximal part of the fallopian tube during 
laparoscopy by cauterisation) and transvaginal aspiration of hydrosalpingeal fluid. 
Laparoscopic salpingectomy is currently considered the standard treatment and is 
found to increase ongoing pregnancy rates following IVf by almost 50% compared 
to no intervention.34 however, laparoscopic salpingectomy is invasive and carries 
anesthesiological and surgical risks. Alternative less invasive treatment options for 
subfertile women with hydrosalpinges are therefore needed. A potential effective 
and less invasive alternative treatment option is proximal tubal occlusion by 
hysteroscopic placement of Essure® devices.25;26;35-44 however, further research is 
needed to evaluate the effectivity of this new treatment. 

AIM OF THIS THESIS

The aim of this thesis was to answer the following questions:

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

Does tubal flushing during hSG, as part of the basic fertility work-up, with an oil-
based contrast medium leads to higher ongoing pregnancy rates within six months 
compared to the use of water-based contrast medium?

Is hysterosalpingo-foam sonography (hyfoSy) a less painful procedure compared 
to serial hysterosalpingography (hSG) as a first line tubal patency test during the 
basic fertility work-up?

Is hysterosalpingo-foam sonography (hyfoSy) an accurate test to confirm proximal 
tubal occlusion after Essure® device placement as treatment for hydrosalpinges 
prior to IVf?
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Does hysteroscopic proximal tubal occlusion by Essure® devices as treatment for 
hydrosalpinges result in comparable ongoing pregnancy rates following IVf/IcSI 
as compared to laparoscopic salpingectomy?

has the presence of an Essure® intratubal device a negative influence on pregnancy 
outcome?

OUTLINE OF THIS THESIS

This thesis is divided into three parts. The first part focuses on the therapeutic effect 
of hysterosalpingography in subfertile women. The second part evaluates different 
aspects of the recently introduced sonographic tubal patency test; hysterosalpingo-
foam sonography (hyfoSy). The third part describes a new less invasive treatment 
option for subfertile women with hydrosalpinges and the impact of this treatment 
on pregnancy outcomes after IVf/IcSI.

PART I – Therapeutic effect of diagnostic tubal patency testing

In chapter 2 we evaluated the therapeutic effect of tubal patency testing by 
hysterosalpingography (hSG) during the basic fertility work-up. for this evaluation 
we performed a secondary analysis on a prospective cohort of 4547 subfertile women 
included between January 2002 and februari 2004 in 38 hospitals in the Netherlands.

In chapter 3 we compared the therapeutic effect of tubal flushing by hSG with 
an oil-based contrast medium versus a water-based contrast medium. This study 
was a nationwide randomised controlled trial in 27 clinics in the Netherlands that 
included 1119 subfertile couples. The primary outcome of this study was ongoing 
pregnancy at 6 months following hSG.

PART II – Sonographic tubal patency testing

In chapter 4 we compared in a randomised controlled trial the pain experienced 
during a new sonographic tubal patency test: hysterosalpingofoam sonography 
(hyfoSy) and hSG. This study was a two-centre randomised controlled trial that 
included 40 patients. The primary outcome was pain scores during tubal patency 
testing measured by a Visual Analogue Scale (VAS).

In chapter 5 we describe our prospective diagnostic accuracy study in which 
we evaluated if hysterosalpingo-foam sonography (hyfoSy) is even accurate as 
hystersosalpingography (hSG) to confirm proximal tubal occlusion after placement 

of an Essure® device as treatment for a hydrosalpinx prior to IVf. In this study we 
evaluated 38 hydrosalpinges treated by Essure® devices in 26 women who participated 
in the DESh trial (Dutch Essure® versus Salpingectomy for hydrosalpinges) 
(chapter 7).

PART III – Treatment of hydrosalpinges by Essure® devices

In chapter 6 we evaluated the effectivity of hysteroscopic proximal tubal occlusion 
by Essure® devices in women with a relative contraindication for a laparoscopic 
salpingectomy, prior to the start of their IVf treatment. In this prospective clinical 
study we included 20 women.

In chapter 7 we compared the effectivity of hysteroscopic Essure® device placement 
to laparoscopic salpingectomy as treatment for hydrosalpinges prior to start IVf. In 
this nationwide randomised clinical trial we included 85 women with ultrasound 
visible hydrosalpinges between 2009 and 2014. The primary outcome of this study 
was ongoing pregnancy rate following one IVf treatment cycle.

In chapter 8 we evaluated the obstetrical outcomes of 50 pregnancies in 43 women 
who became pregnant with Essure® devices in situ before December 2010 in the 
Netherlands.
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