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Stellingen behorende bij het proefschrift

Diagnostic tests for tubal pathology from a clinical and
economic perspective

1. Subfertiele vrouwen die in de anamnese een voorgeschiedenis vermelden van een
gecompliceerde appendicitis, bekkenchirurgie, bekkenontsteking, extra-uteriene
zwangerschap, endometriosis en zwangerschapsafbreking hebben een verhoogd
risico op de aanwezigheid van tubapathologie (dit proefschrift).

2. Een meer mathematisch gebruik van de anamnese met behulp van een predictie-
model kan leiden tot een efficiëntere inzet van tubatesten (dit proefschrift).

3. De prognostische waarde van het hysterosalpingogram en diagnostische laparo-
scopie voor het voorspellen van een zwangerschap is vergelijkbaar (dit proef-
schrift).

4. Routinematig uitvoeren van tubatesten als onderdeel van het oriënterend fertili-
teit onderzoek is niet kosteneffectief (dit proefschrift).

5. Als een tubatest wordt gepland, is het kosteneffectiever om eerst een hystero-
salpingogram uit te voeren en deze bij een dubbelzijdige afwijking te laten volgen
door een laparoscopie, dan het direkt uitvoeren van een laparoscopie (dit proef-
schrift). 

6. Mensen die beweren dat een dokter die meer diagnostisch onderzoek aanvraagt
beter is, hebben geen gelijk. Het tegendeel is eerder waar.

7. Als men de zorg betaalbaar wil houden moet men meer tijd en geld investeren in
evaluatie onderzoek binnen de zorg. 

8. Door de grote impact van internet en social media leven we nu in een andere
werkelijkheid.

9. Vroeger liep een puber met een gebogen nek om de pukkels uit het zicht te
houden, nu om met vrienden te twitteren. 

10. The mark of the immature man is that he wants to die nobly for a cause, while the
mark of the mature man is that he wants to live humbly for one (Wilhelm Stekel,
psycho-analyticus, 1868-1940).

Harold Verhoeve, Naarden 2013
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Introduction





I N T R O D U C T I O N

Subfertility is customarily defined as failure to conceive after regular unprotected sexual inter-
course for one year. The prevalence of subfertility is around 14%, affecting one in seven couples
(Hull et al., 1985). Data from historical populations estimate the average prevalence of subfer-
tility to be 5.5%, 9.4% and 19.7%, respectively, at ages 25-29 years, 30-34 years and 35-39 years
(Bongaarts, 1982). In the Netherlands, this percentage is between 12% and 17%, depending
on female age (Bonsel and van der Maas, 1994).

A diagnosis of unexplained subfertility is usually made after it has been demonstrated that a
woman has a regular ovulation, patent Fallopian tubes with no evidence of peritubal adhesions,
fibroids or endometriosis and that the male partner has normal semen quality (Simon and
Laufer, 1993). The standard fertility work-up starts with a thorough medical history and physical
examination followed by the assessment of ovulation and a semen analysis. Assessment of
tubal patency is usually reserved as last test in this work-up. Tubal disease includes tubal
obstruction and pelvic adhesions due to infection, endometriosis and previous surgery and
accounts for subfertility in 10-30% of the couples (Evers, 2002). Several diagnostic tests to
assess the tubal condition are available to the clinician.

Hysterosalpingography (HSG)

HSG was first performed in 1910 by Rindfleish, who injected a bismuth solution in the uterine
cavity (Rindfleish, 1910). In 1914, the first report on HSG for determining tubal patency with
an oil-soluble contrast medium was published (Carey, 1914). Carey used Collargol which could
cause significant tissue damage and was painful to the women (Hanlo, 1930). Because of these
serious adverse events, its use was abandoned and a tubal insufflation test was introduced by
Rubin in 1920 (Rubin, 1920). Rubin insufflated oxygen (later carbon dioxide) under pressure
through the cervical canal into the uterine cavity. Tubal patency was determined by presence
of air under the diaphragm on X-ray, by auscultation of air flow into the abdomen or a drop in
pressure during insufflation. In 1925, Heuser was the first to report on the use of lipiodol in
HSGs (Heuser, 1925). Lipiodol, like Collargol an oil-soluble contrast medium but with a lower
viscosity, proved less toxic and was widely accepted (Hanlo, 1930). Gradually lipiodol was
replaced by a water-soluble contrast medium (WSCM) for several reasons: lower cost, better
imaging of the tubal mucosal folds and ampullary rugae (Soules and Spandoni, 1982), lower
viscosity and more prompt demonstration of tubal patency reducing the need for a delayed
film, lower likelihood of persistence of contrast medium within the pelvic cavity and of compli-
cations such as anaphylaxis or long-term lipogranuloma formation. At HSG the contrast
medium is slowly injected through the cervical canal into the uterine cavity. By fluoroscopy
(continuous X-ray imaging) the flow of contrast can be followed and the uterine cavity and
lumen of the fallopian tubes can be visualized. HSG is performed as an outpatient procedure
and can be painful. Some clinics still use oil-soluble contrast medium (OSCM), because no severe
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C H A P T E R  1

side-effects have been reported since the introduction of fluoroscopy screening during injection
of contrast and the abandonment of the procedure when intravasation of contrast occurs (Lind-
equist et al., 1991). Also, lipogranuloma formation has not been reported in women with patent
tubes following OSCM (Acton et al., 1988).
Nevertheless, most clinics use WSCM these days, although there is evidence that flushing of
the tubes with OSCM causes less pain and has a positive effect on pregnancy rates when
compared with WSCM (Glatstein et al., 1998; Luttjeboer et al., 2007). The main complication
of HSG is pelvic infection after the procedure, which can occur in 1-3% of all cases and up to
10% if tubal pathology is present (Stumpf and March, 1980; Pittaway et al., 1983; Forsey et al.,
1990). The risk of infection can be reduced by Chlamydia culture of the cervix and prophylactic
antibiotics in women with a medical history of pelvic infections (Pittaway et al., 1983), although
some authors advocate prophylactic antibiotics before uterine instrumentation instead of
endocervical screening (Land et al., 2002).

Laparoscopy and dye

The first diagnostic laparoscopy (DL) in humans was applied by Jacobeus in Sweden in 1910,
by inducing a pneumoperitoneum and introducing a cystoscope into the peritoneal cavity.
Initially this technique to diagnose intra-abdominal abnormalities, was mainly used by physi-
cians. Kalk in Germany was principally responsible for developing laparoscopy into an effective
diagnostic and surgical procedure in the early 1930s (Te Linde’s Operative Gynecology, 1992,
Trimbos-Kempers, 1981). It was not until 1946 before Palmer in France introduced laparoscopy
and dye test (synonyms: dye pertubation, chromopertubation) into gynaecologic practice for
the assessment of tubal patency and published his first 250 cases (Palmer, 1946, 1947). In this
procedure, which requires general anaesthesia and operating facilities, a water-soluble dye
(usually methylene blue), is injected into the uterine cavity. Through the laparoscope, the pelvic
cavity can be inspected for presence of pelvic-peritoneal adhesions, endometriosis and tubal
patency. Although the uterine anatomy can be assessed, intrauterine abnormalities can only
be visualized if the procedure is combined with hysteroscopy. This can easily be performed in
the same setting. Like HSG, DL is an invasive procedure and can result in complications such as
infection, vascular-, intestinal- and urologic injuries, which have been reported to vary between
0.06 and 1.5% (Jansen et al., 1997; Chapron et al., 1998; Harkki-Siren et al., 1999). In the nineties
of the previous century, laparoscopy was integrated as an essential diagnostic procedure in
infertility protocols (ASRM guidelines, 1992; WHO/ Rowe et al., 1993), based on one publication
that reported abnormal findings at laparoscopy in 75% of 24 couples with otherwise unex-
plained subfertility (Drake et al., 1977). In 1997, it was reported that 96% of the reproductive
endocrinologists in the USA routinely performed an HSG and 89% a diagnostic laparoscopy in
the diagnostic fertility work-up (Glatstein et al., 1997).
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I N T R O D U C T I O N

A diagnostic laparoscopy can be combined with interventions like coagulation or excision of
minimal to mild endometriosis, adhesiolysis or cystectomy. In a randomized controlled trial, it
was found that laparoscopic resection or ablation of minimal and mild endometriosis and adhe-
siolysis enhances fecundity in subfertile women (Marcoux et al., 1997). They reported that one
in eight women with this condition should benefit from surgery, but the monthly fecundity
rate among women who underwent surgery (6.1%) was much lower than the rate expected in
fertile women (20%). Whether DL with dye pertubation has a positive effect on pregnancy rate
is not known. One randomised controlled trial showed no difference between pertubation with
an OSCM versus a WSCM (Al Fahdli et al., 2006).

Chlamydia Trachomatis antibody testing

Chlamydia Trachomatis infection, a sexually transmitted disease (STD), is a major cause of pelvic
inflammatory disease (PID), which can lead to chronic abdominal pain, ectopic pregnancy and
tubal pathology (Weström and Wolner-Hanssen, 1993; Paavonen and Eggert-Kruse, 1999). The
causal relationship between Chlamydia Trachomatis and genital tract infection was established
in 1958 (Collier et al., 1958). C. Trachomatis targets the epithelial cells of the cervix. In the
Netherlands an estimated 35 000 cases of Chlamydia cervicitis occur annually (Health Council
of the Netherlands, 2004).

Early infection can be detected by culture of cervical swabs and treated effectively with antibi-
otics. However, the majority of these infections are asymptomatic and remain therefore undi-
agnosed. Most women will effectively clear a Chlamydia trachomatis infection by a normal
immune response and have a low risk of complications. Still, untreated infection can through
ascendance result in PID and tubal factor subfertility (Peipert, 2003; Den Hartog et al., 2006).
There are no prospective controlled trials available on how frequently women tested positive
for Chlamydia cervicitis will develop tubal infertility (Land et al., 2010). A correlation between
the age of a woman, severity of infections, the number of PID episodes and the risk of tubal
pathology has been demonstrated (Weström, 1980; Weström et al.,1992). The risk of tubal
pathology varied from 10% after one episode of PID to 20% after two episodes and 40% after
three episodes (Weström et al., 1992).

Since an association between C. Trachomatis IgG antibodies in serum and tubal pathology was
noted, Chlamydia Antibody tests (CAT) were introduced as screening tests in the work-up of
subfertile couples to provide the clinician with a risk estimate of the presence of tubal
pathology (Punnonen et al., 1979; Den Hartog et al., 2006). CAT is a non-invasive, non-expensive
and easy to perform test, but does not provide images of the uterine and tubal anatomy nor of
the pelvis.
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Other diagnostic tests

Apart from HSG, Laparoscopy and CAT testing, other tools are also used to assess tubal patency.
Falloposcopy is a technique with which through a thin fibreoptic scope the lumen of the
fallopian tubes can directly be visualized (Kiss et al., 1993; Dechaud et al., 1998; Lundberg et
al., 1998).

Hystero-contrast-sonography (HyCoSy) is a method where tubal patency is tested by injection
of contrast into the uterine cavity and patency is assessed by transvaginal ultrasound (Schlief
and Deichert, 1991).

Transvaginal hydrolaparoscopy (THL) is performed as a needle puncture technique of the pouch
of Douglas using an adjusted Veress-needle trocart system and warm normal saline is injected
through this system into the pelvic cavity. It allows direct visualization of peritubal – and peri-
adnexal adhesions and endometriotic implants. Tubal patency can be assesses by injection of
methylene blue into the uterine cavity like at laparoscopy (Gordts et al., 1998).

These techniques will not be further discussed, because few studies are available that evaluate
the diagnostic accuracy and predictive performance on pregnancy rates of these tests.

The performance of HSG, Laparoscopy and CAT in terms of accuracy 
and fertility prognosis

Since the early nineteen seventies many studies on the performance of HSG and CAT for the
assessment of tubal pathology have been published. In these studies laparoscopy is usually the
reference test. The ideal (or ‘gold standard’) test for tubal disease would correctly identify all
women with tubal disease. It would be a sensitive test (i.e. the test result would be abnormal
in all women with the disease) and it would also be specific (i.e. the test result would be normal
only in women without the disease).

In a systematic review from 20 studies published between 1968 and 1994 on the diagnostic
accuracy of HSG compared with laparoscopy, only 3 studies could be identified in which the
judgement of tubal pathology at laparoscopy was independent of the knowledge of HSG results
and thus preventing observer bias (Swart et al., 1995). A meta-analysis of these studies showed
a sensitivity of 65% and a specificity of 83% for HSG for diagnosing tubal patency. HSG was
unreliable for diagnosing peri-adnexal adhesions (Swart et al., 1995).

The accuracy of serum Chlamydial antibodies (CAT) was assessed in another meta-analysis (Mol
et al., 1997). This study showed that the discriminative capacity of Chlamydia antibody titers
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depended on the immuno-essays used and that the diagnosis of any tubal pathology was
comparable with that of HSG in diagnosing tubal occlusion (Mol et al., 1997). The negative
predictive value (NPV) of CAT in subfertile women was 75-90%, making the presence of tubal
pathology in women with a negative CAT less likely, whereas the positive predictive value (PPV)
of CAT ranged between 30 and 65%, indicating a high false-positive rate if laparoscopy is
performed in CAT positive women (Den Hartog et al., 2006).

In a study performed in 1995, diagnostic laparoscopy failed to be an ideal predictor for future
fertility (Collins et al., 1995). In a prospective cohort study of 794 women, laparoscopy
performed better than HSG as a predictor of future fertility (Mol et al., 1999). In this study HSG
showed a fecundity rate ratio (FRR) of 0.8 and 0.49 for one-sided and two-sided tubal occlusion,
whereas in laparoscopy these were 0.51 and 0.15, respectively. After a normal HSG or a HSG
with one-sided occlusion, laparoscopy showed two-sided occlusion in 5% of these women and
their fertility prospects were almost zero. If two-sided tubal occlusion was detected on HSG
but not during laparoscopy, fertility prospects were slightly impaired. Fertility prospects after
bilateral occlusion on HSG were strongly impaired in case laparoscopy showed one-sided and
two-sided occlusion, with FRRs of 0.38 and 0.19, respectively.

Background of the research

Many reports of diagnostic tests, including the before mentioned studies, contain methodolog-
ical shortcomings that can result in an overestimation of diagnostic test accuracy (Lijmer et al.,
1999). A number of issues in the design and conduct of diagnostic accuracy studies can lead to
bias or variation. The sources of bias and variation for which there is the most evidence are
demographic features, disease prevalence and severity, partial verification bias, clinical review
bias and observer and instrument variation (Whiting et al., 2004). In diagnostic accuracy studies
the results of a test are compared with those of a reference standard, the best available method
to detect presence or absence of disease. These results are then expressed in accuracy statistics,
such as sensitivity and specificity. In studies on the prognostic performance of tests, test results
are compared with a clinically relevant end point and statistics are calculated to express the
predictive capacity of the test. A group of scientist and editors developed the STARD (Standards
for Reporting of Diagnostic Accuracy) statement to improve the reporting quality of diagnostic
accuracy and to help authors and readers to assess the potential for bias in a study and to eval-
uate the generalizability of the results (Bossuyt et al., 2003).

Similarly, for improvement on the reporting of meta-analyses, QUORUM (Quality of Reporting
of Meta-analyses) and MOOSE (Meta-analyses of observational Studies in Epidemiology) are
available (Moher et al., 2001; Stroup et al., 2000). A problem with these conventional meta-
analyses in diagnostic studies is that they statistically pool the results of individual diagnostic
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studies which typically examine the accuracy of a test in isolation from medical history and
clinical examination, or do not adjust for overlap of information captured by clinical history,
physical examination and additional tests. How useful a test will be in practice remains there-
fore uncertain (Bachman et al., 2003; Khan et al., 2003; Miettinen and Caro, 1994; Broeze et al.,
BMC 2009).

Not only in meta-analyses, but also in individual studies, the diagnostic performance of HSG
and CAT has been assessed in isolation of patient characteristics, and the sensitivity and speci-
ficity of HSG and CAT have been assumed to be stable across subgroups of women (Swart et
al.,1995; Mol et al., 1997; Perquin et al., 2006). Since conventional systematic reviews and meta-
analyses are based on aggregate data at the study level and not at the level of subgroups, this
is unavoidable. The use of data at the patient level in an individual patient data (IPD) meta-
analysis could overcome this limitation, because the accuracy of tests can be assessed in rela-
tion to other patient characteristics and allows the development or evaluation of diagnostic
algorithms for individual patients (Broeze et al., BMC 2009).

Despite clinical research done so far and reflecting the limitations of this research as discussed,
there is still inconsistency between fertility guidelines about the best diagnostic strategy for
tubal patency testing (NICE, 2004; ASRM, 2006; NVOG, 2004) and there is no consensus on
which test should be initially used, or on the most effective or cost-effective sequence of tests
(Fatum et al., 2002; Perquin et al., 2006; Bosteels et al., 2007; Den Hartog et al., 2008). In many
fertility clinics, CAT is used ahead of more invasive tests such as HSG or laparoscopy, whereas
in other clinics CAT is not used at all and all women are directly referred for HSG or even
laparoscopy.

Because of these inconsistencies in tubal assessment of subfertile women and the importance
of early identification of women with bilateral tubal pathology, who have significantly reduced
conception chances, our research has focused on the effective and efficient use of tools and
resources available in clinical practice.

We therefore critically reappraised the literature dealing with tubal pathology in the subfertile
population by using STARD criteria and IPD meta-analysis of diagnostic and prognostic studies
if possible and used the data obtained from a large multicentre prospective cohort study among
subfertile couples that had completed their basic fertility work-up collected in 38 clinics in the
Netherlands between 2002 and 2004. The results of these studies will be presented in 3 theses.
• Diagnostic tests for tubal pathology from a clinical and economic perspective (H.R.

Verhoeve)
• Diagnostic and prognostic aspects of tubal patency testing (S.F. Coppus)
• Diagnosing tubal pathology – the individual approach (K.A. Broeze)

14
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Background and Outline of the thesis

The diagnostic investigation is a consecutive process which always starts with history taking
and physical examination, followed by laboratory tests and more invasive and expensive tests
(Moons et al., 2004). A questionnaire survey performed in the nineteen nineties in European
clinics, showed that fertility investigations are often based on tradition and personal preference
but lack evidence based support (Helmerhorst et al., 1995). Tubal patency tests are usually
planned last in the fertility work-up because these tests are invasive, inconvenient for the
women and not without risks of complications. Also, these tests are costly. It is important to
identify risk factors for tubal pathology to make a distinction between women at low or at high
risk for tubal pathology. This can reduce on the one hand unnecessary invasive tests and
expenses and on the other hand prevent undue delay in the diagnosis of tubal pathology.
Although the NICE guideline suggests that women at risk for tubal pathology can be distin-
guished from women at low risk for tubal pathology by items in the medical history (NICE 2004),
this has been heavily debated (Hubacher et al.,Tulandi and Platt, McComb, Donnez and Jadoul,
2004).

The aim of this thesis was therefore to find out if it is possible to identify and quantify risk
factors for tubal pathology based on the medical history and physical examination, from the
available literature. We were also interested if it is possible to use items obtained from the
medical history in a model and develop a score system which can help the clinician in identifying
women at risk for tubal pathology.

HSG and DL are the two most commonly used invasive tests. The one and only study that dealt
with the predictive capacity of these tests, dates from the nineteen nineties and analyzed a
selected third line population (Mol et al., 1999). Therefore, another aim of this thesis was to
assess which of these two tests performs best as predictor for fertility in a general subfertile
population. Finally, in the era in which IVF is commonly used, we were interested in the cost-
effectiveness of different diagnostic strategies for tubal pathology, taking patient characteris-
tics as obtained from the medical history, into account.

In Chapter 2 we give an overview of the literature of the most commonly performed diagnostic
tests used in the work-up of subfertile couples.

In Chapter 3 we provide a systematic review and meta-analysis of the literature, using STARD
criteria, to identify items obtained from the medical history and their association with tuboperi-
toneal pathology.
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In Chapter 4 we assess whether induced abortion is associated with an increased risk for tubal
pathology in a large cohort of 6149 patients evaluated for subfertility in the OLVG between
1984 and 2001.

In Chapter 5 we present a clinical decision rule based on medical history to enable identification
of couples at risk for tubal pathology.

In Chapter 6 we present a prognostic study of HSG and diagnostic laparoscopy in predicting
natural conception in a general subfertile population. The data of 3301 subfertile couples
attending 38 clinics in the Netherlands between 2002 and 2004 were used for this purpose.

In Chapter 7 we present a cost-effectiveness study of invasive diagnostic strategies for tubal
pathology in the fertility work-up. For this a Markov decision-analytic model was used, incor-
porating the risk for tubal pathology as obtained from the medical history, the prognostic data
of HSG and DL on fertility outcome and the results of a Dutch cohort study on the prediction of
ongoing pregnancies after IVF/ICSI treatment.

In Chapter 8 we provide a general discussion of the results of the studies presented in this thesis
and comment on the implications of these findings.

Chapter 9 summarizes the data presented in this thesis.

Chapter 10 provides an epilogue in which the results of three different theses on tubal
pathology from our study group are integrated.
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Abstract

The aim of the fertility work-up is to exclude recognised causes of infertility and to distinguish
those couples who have good spontaneous pregnancy prospects from those who have poor
prospects. Information gathered by medical history, clinical findings and results of the diag-
nostic tests should help the clinician in counselling subfertile couples. The initial diagnostic
tests for infertility should include a basal body temperature chart or midluteal phase proges-
terone level, a semen analysis and a test for tubal patency. Ovarian reserve tests can be used
in selected cases. More research is needed in the predictive value of the outcome of diagnostic
tests in reproductive medicine.
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1. Introduction

Subfertility is defined as an inability to conceive after one year of regular unprotected sexual
intercourse. One in six couples seek specialist care for this problem (Hull et al., 1985; Snick et
al., 1997; De Kretser, 1997; Evers, 2002). In most clinics the fertility work-up consists of medical
history taking and clinical examination, followed by diagnostic tests aimed at excluding recog-
nised causes of infertility such as azoospermia, anovulation and bilateral tubal blockage. As a
consequence, the initial diagnostic tests for infertility include evaluation of ovulation, a semen
analysis and tests for tubal patency and function.
In this paper we will focus on existing data on diagnostic tests.

2. Assessment of ovulation

A history of a regular menstrual cycle indicates ovulation in more than 95% of women. Direct
observation of ovulation is possible by monitoring follicular development sonographically until
collapse is observed and fluid in the pouch of Douglas appears (Collins et al., 1991). This method
however requires regular visits to the clinic and is costly. Ovulation can be predicted by meas-
uring oestrogen or luteinizing hormone (LH) in the blood. Self-testing kits of LH in the urine are
frequently used and easy to perform, but give a higher incidence of false negative results than
blood tests (ESHSRE Capri Workshop Group, 2000).
Confirmation if ovulation has occurred can be obtained by Basal Body Temperature (BBT), meas-
urement of midluteal phase progesterone or endometrial dating through biopsy of the
endometrium. A diagnosis should be made in cases of anovulation or oligo-ovulation. Thyroid
stimulating hormone levels can point to thyroid disorder and Prolactine levels should exclude
hyperprolactinaemia. These disorders can easily be corrected by treatment. Gonadotrophin
levels in conjunction with oestrogen levels should be measured to assess if one is dealing with
hypogonadotrophic hypogonadism, normogonadotrophic normogonadism or hypergona-
dotrophic hypogonadism. In case of normogonadotrophic normogonadism (WHO type II),
androgen assays and ultrasound appearance of the ovaries are required for the diagnosis of
polycystic ovary syndrome (PCOS) (Rotterdam PCOS consensus workshop group, 2004).

3. Assessment of Ovarian reserve

Natural fecundity and pregnancy rates decline with increasing age (Te Velde et al., 2002). This
decrease in fecundability is related to a reduction in both quality and quantity of the primordial
follicle pool (referred to as ovarian reserve) (Faddy et al., 1996). Several tests have been studied
to screen for diminished ovarian reserve, mostly in relation to assisted reproductive technolo-
gies (ART).

D I A G N O S T I C  T E S T S  I N  R E P R O D U C T I V E  M E D I C I N E
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3.1. FSH
Cycle day 3 serum (so called basal) FSH levels are widely used in many fertility centres. The FSH
value is an indirect measure of serum inhibin-B and oestradiol that is being produced by a
cohort of follicles and which concentrations result in feedback at the pituitary level. In an
indexed cohort study (van Montfrans et al., 2000) the fecundity in sub-fertile patients below
the age of 40 years, with elevated FSH levels (>10 IU/L) and regular ovulatory cycles, was not
different from the fecundity in controls and both groups had comparable cumulative delivery
rates. Another study showed that FSH did not have an independent predictive effect on preg-
nancy rates in a general subfertility population but should be interpreted in the light of other
clinical variables like age (van Rooij et al., 2004). In a study of patients ≤ 41 years with elevated
basal FSH levels it was shown that these patients had reasonable ongoing pregnancy rates,
despite a considerable probability of cycle cancellation due to poor ovarian response, indicating
that the quantity but not necessarily the quality of oocytes is diminished (van Rooij et al., 2003).
A meta-analysis on the performance of basal FSH level in the prediction of poor ovarian
response and failure to become pregnant after IVF showed that a possible clinical application
of basal FSH refers to only a minority of patients with extremely high basal FSH levels (>20 IU/L)
but should not be regarded as a useful routine test for the prediction of IVF outcome (Bancsi et
al., 2003). In short, basal FSH is not a good screening test for ovarian reserve and pregnancy
outcome in a general subfertility population and neither as a predictor for fertility outcome in
patients undergoing ART. Inhibin B, like basal FSH, is not a useful screening test to predict
diminished ovarian reserve (van Rooij et al., 2005).

3.2. AFC
Antral follicle count (AFC), defined as the number of follicles smaller than 10 mm in diameter
in the early follicular phase, can be easily assessed by transvaginal ultrasound and was intro-
duced to predict ovarian responsiveness in IVF treatment (Tomas et al., 1997). In a recent meta-
analysis the performance of AFC in the prediction of poor ovarian response and pregnancy after
IVF was assessed and compared to the performance of basal FSH (Hendriks et al., 2005). The
AFC showed a significantly better performance than basal FSH in the prediction of poor ovarian
response. In predicting non-pregnancy the predictive capacity of both tests was poor. In this
study the performance of AFC was analysed independent of female age because of the lack of
homogeneity between the available studies.
In a study of patients > 38 years multivariate logistic regression analysis showed the AFC to be
a valuable test to assess the individual chance of pregnancy in IVF. The AFC was significantly
associated with the occurrence of an ongoing pregnancy after IVF treatment, whereas age and
basal FSH were not. However, pregnancy could not be excluded amongst those younger than
43 years of age (Klinkert et al., 2005).
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3.3. AMH
Anti-Mullerian hormone (AMH) is produced by the granulosa cells of preantral and small antral
follicles. In a longitudinal study of normal fertile women decline of serum AMH levels was asso-
ciated with increasing age and as such this expresses a decline in reproductive function (van
Rooij et al., 2005). In two studies decreased AMH levels were associated with poor ovarian
response in IVF treatment but pregnancy outcome was not evaluated (Seifer et al., 2002; van
Rooij et al., 2002). Like the AFC, AMH cannot identify poor IVF outcome with a certainty high
enough to justify its use.

3.4. CCCT
Another ovarian reserve test that has been assessed is the clomiphene citrate challenge test
(CCCT). This test evaluates the basal FSH level on cycle day 3 and the FSH response to
clomiphene citrate administration from cycle day 5 to 9 (Navot et al., 1987). In comparison to
basal FSH combined with AFC the predictive accuracy and clinical value in outcome of IVF of
this test was not shown to be better and should not be used (Hendriks et al., 2005).

In general it can be concluded that AFC is a good predictor of ovarian response to gona-
dotrophins but not of pregnancy in young patients, whereas in the older patients, low AFC
predicts poor response and poor pregnancy outcome in IVF treatment. It should therefore not
be used as a routine test in the fertility work-up, but is useful in the older patient. Basal FSH
and serum inhibin B levels should not be routinely used as a screening test for predicting
ovarian response and pregnancy outcome. Anti-Mullerian factor, like the AFC could proof useful
as a screening test in the older patient but this needs to be confirmed in further studies. The
CCCT should not be used as a screening test for ovarian reserve.

4. Semen analysis

Azoospermia, repeatedly confirmed, implicates absolute infertility. When semen analysis
adheres to the WHO reference values, i.e. a sperm concentration of 20 x 10^6/ml, 50% progres-
sive motility (grades a and b) and 15% normal morphology according to strict criteria (WHO
laboratory manual, 1999), the male is considered to be normal fertile. Despite the standardi-
sation of semen analysis, the relationship between semen quality and biological fertility
remains controversial (ESHRE Capri Workshop Group, 2004). The definition of normality is
hampered by two problems. First, impaired male fertility can be compensated for by the female
partner. Second, semen parameters are of predictive value in treatment independent pregnancy
where the female has no reproductive dysfunction. This issue has been assessed in two case
control studies that recommend values of 14.3-13.5 x 10^6/ml for concentration, 28%-32% for
progressive motility and 5-9% for normal morphology (using strict criteria), respectively. Both
studies thus showed comparable parameters in discriminating between fertile and subfertile
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men. Morphology appeared to be the best discriminator between fertile and subfertile men
(Ombelet et al., 1997; Guzick et al., 2001). A disadvantage of these case control studies is that
they contrast subfertile men from fertile men, whereas the purpose of the fertility work-up is
to distinguish those who have good spontaneous pregnancy prospects from those who have
poor prospects. Bonde et al. performed such a study amongst first-pregnancy planners and
found that use of WHO values might be inappropriate, as many men with subfertility would
be inside the range of normality according to these values (Bonde et al., 1998).

In the presence of male subfertility the couple should be counselled which assisted reproductive
treatment is most appropriate (IUI,IVF or ICSI), taking into account expected pregnancy rates,
costs, patient discomfort and possible complications. The question is how to do this and which
sperm parameters can select men for the best treatment option. Individual semen parameters
like volume, concentration, and motility can be combined into the parameter of total motile
sperm count (TMC), i.e., the total number of progressively motile spermatozoa present in the
ejaculate. The TMC can be assessed directly from the ejaculate (prewash TMC) or after semen
preparation (postwash TMC). The value of the postwash TMC in the fertility work-up could be
in its prediction of patients that are unlikely to become pregnant after IUI and should therefore
be advised IVF or ICSI. However, the TMC has only been assessed during the IUI cycles and not
during the fertility work-up (van Weert et al., 2004).

5. Post-coital test

The post-coital test assesses the interaction between sperm and cervical mucus. A specimen
of cervical mucus is obtained shortly before the expected ovulation and 8 to 16 hours after
intercourse. The sample is examined under the microscope at 400x magnification and consid-
ered normal if at least 1 progressive motile spermatozoa is present in six high power fields
(WHO laboratory manual, 1999). Controversies exist regarding technique, timing and interpre-
tation of a normal test. In a systematic review of 11 observational studies the postcoital test
showed a relative risk of pregnancy of 2, qualified as poor by the researchers, but potentially
useful in clinical practice (Oei et al.,1995). The same group published a RCT which compared
cumulative pregnancy rates between couples offered a postcoital test versus couples who were
not offered this test as part of their fertility work-up (Oei et al., 1998). No significant differences
were shown in their respective cumulative pregnancy rates (49%, 95% CI 42 to 55% in the PCT
group versus 48%, 95% CI 42% to 55% in the control group). In this study no clear definition
was given of a positive PCT result. The result did not alter the management of the patients and
treatments were applied non-specifically and inconsistently. Anovulatory patients were
included and treatment consisted of IUI with controlled ovarian hyperstimulation, not in a
natural cycle. It is therefore not surprising that performing a PCT as part of the fertility workup
had no effect on outcome.
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If a well timed postcoital test is negative and no defined causes for infertility are found, cervical
hostility is considered to be the cause of subfertility. Whether IUI is an effective treatment for
cervical factor subfertility is not clear. Of five identified randomised trials the results were
conflicting, but intrauterine insemination can give reasonable pregnancy rates in a natural
cycle as well as in cycles with controlled ovarian hyperstimulation (Steures et al., 2004).
The test can also be negative because of poor semen quality. In these cases, intrauterine insem-
ination offers a benefit over timed intercourse both in natural and in controlled ovarian hyper
stimulation cycles (Cohlen et al., 2000).
A retrospective study which examined the relation between test outcome and duration of
subfertility showed that the postcoital test is an effective predictor of treatment-independent
conception in the absence of defined female causes of infertility and provided that the duration
of subfertility was short (Glazener et al., 2000). In couples with less than 3 years subfertility
and a positive postcoital test, 68 % conceived within 2 years compared to 17% of the couples
with a negative test result. In couples with a duration of subfertility of > 3 years the postcoital
test result did not have any additional prognostic value. More recently, a prospective study
(Hunault et al., 2005) assessed the validity of a prediction model for treatment-independent
fertility outcome in couples (Hunault et al., 2004) and showed that the result of the PCT discrim-
inated better between women who became pregnant and women who did not become preg-
nant than if the model was applied ignoring the result of the PCT.
However, although the PCT is not recommended as a routine diagnostic test (NICE, 2004), this
recent evidence of the prognostic value of the PCT in the subfertile couple suggests that the
PCT should be part of the fertility work-up. In order to reduce cost and burden for couples
another recent study has shown that the outcome of the PCT can be predicted in about 50% of
the patients without compromising the prediction of fertility prospects, by using information
from the medical history and semen analysis (van der Steeg et al., 2004). Although in this study
the PCT was performed by one gynaecologist, the level of experience in performing a PCT does
not appear to have an effect on the predictive value of the PCT (Hunault et al., 2005).

6. Tubal assessment

Tubal obstruction is thought to be the cause of subfertility in 12 to 33% of subfertile couples
(Collins et al., 1995). The prevalence depends on the reference population and has a tendency
to increase from a primary-care to a tertiary-care level (Evers, 2002). Tubal patency tests usually
are descriptive tests that visualise the cervical, uterine and fallopian morphology, and in case
of laparoscopy or transvaginal hydrolaparoscopy, assess the pelvic cavity. They are not capable
of assessing the tubal physiology and function that are necessary for successful conception
(Croxatto et al., 2002). The medical history can be an indication of the presence of tuboperi-
toneal pathology (PID, septic abortion, endometriosis, pelvic surgery, chronic pelvic pain,
dyspareunia) as can the clinical examination (pelvic tenderness, palpable mass).
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6.1. Chlamydia Antibody Titre
Chlamydia Trachomatis is a major cause of pelvic inflammatory disease, leading to chronic
abdominal pain, ectopic pregnancy and tubal factor infertility (Weström and Wolner-Hansen,
1993; Paavonen et al., 1999). The infection is asymptomatic in the majority of cases. The
Chlamydia Antibody Titre (CAT) can be tested in the serum of women. CAT is based on the
detection of a previous infection. Different serologic methods are available, but in a meta-
analysis it was shown that enzyme immunoassay or (micro) –immunofluorescence (MIF/IF)
performs best with a point estimate of 75% for both sensitivity and specificity (Mol et al., 1997).
In a recent study, in a tertiary centre, the tubal status of 1006 women were examined by
laparoscopy and related to the serum CAT (Akande et al., 2003). This study showed a linear
trend between serum CAT and the likelihood of tubal damage. Increasing antibody titres were
quantatively related to both presence of tubal damage and the severity of tubal damage. CAT
performs equally well in the diagnosis of tubal pathology as a hysterosalpingogram (HSG) and
can therefore be used as a triage before laparoscopy (Mol et al., 1997). If the CAT is negative
(<1:64), tubal pathology at laparoscopy can be found in 7-12% of the patients (Land et al., 2003),
severe damage is more likely if higher titres are found (Akande et al., 2003).

6.2. Hysterosalpingogram
HSG is a widely used test in the assessment of tubal patency. Interpretation of the results can
be hampered by technical difficulties or tubal spasm.

The diagnostic performance of HSG was compared to laparoscopy and dye for tubal occlusion
and peritubal adhesions in a meta-analysis (Swart et al., 1995). This meta-analysis showed a
sensitivity of 65% (95% CI 50% to 78%) and specificity of 83% (95% CI 77% to 88%) for the diag-
nosis of tubal occlusion. The HSG is reasonably accurate for detecting proximal tubal occlusion,
but not for distal tubal disease or peritubal adhesions (Swart et al., 1995; Mol et al. 1996). An
abnormal result should be confirmed by laparoscopy, but with a normal result laparoscopy is
likely to show tubal patency in 95% of cases (Mol et al., 1996). More importantly, one – sided
occlusion detected using HSG was found to decrease the fecundity rate ratio slightly (FRR 0.80),
whereas bilateral occlusion reduced fertility prospects more importantly (FRR 0.49) (Mol et al.,
1999).

Centres performing HSG tend to use water-soluble contrast media (WSCM) rather than oil-
soluble contrast media (OSCM) because of the potential side-effects of oil-soluble contrast
media.

A recently updated Cochrane review (Johnson et al., 2005) found evidence of effectiveness of
tubal flushing with OSCM if used therapeutically. OSCM increased the odds of pregnancy (OR
3.5, 95% CI 1.8 to 6.8) and live birth rate (OR 3.0, 95% CI 1.4 to 6.4) versus no intervention.
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Limited evidence exists of an increase in the odds of live birth from tubal flushing with OSCM
versus WSCM (OR 1.49, 95% CI 1.05 to 2.1) and must be interpreted cautiously, since this was
based on two trials of which the higher quality trial showed no significant difference, justifying
a further randomised trial comparing oil-soluble versus water-soluble media, where live birth
is considered as the primary outcome (Johnson et al., 2005).

6.3. Laparoscopy and dye test
Laparoscopy and dye test allows the clinician to assess the pelvic cavity for presence of adhe-
sions and endometriosis directly. Usually, this procedure is performed at the end of the fertility
work-up, when a HSG or CAT has been assessed as being abnormal or sooner if the patient has
co morbidity such as a medical history of PID, ectopic pregnancy or previous pelvic surgery.
Laparoscopy can not be considered the gold standard for assessing tubal patency as presumed
tubal obstruction may be due to differences in resistance between the tubes, spasm, or tech-
nical failure. This was illustrated in a cohort study comparing results of HSG and laparoscopy
which implicated that 35% of the tubes that were found to be occluded at laparoscopy showed
patency at HSG (Mol et al., 1999). In this study laparoscopy showed a better predictor for infer-
tility than a HSG with a FRR of 0.51 for one-sided occlusion and FRR of 0.15 for two-sided occlu-
sion. Findings of phimosis and/or adhesions of the tubes showed a FRR of 0.60, endometriosis
grade I/II of 0.52, whereas no spontaneous pregnancies occurred in patients with endometriosis
grade III/IV (Mol et al., 1999). Compared to HSG, laparoscopy has the advantage to assess if
microsurgery is feasible in the presence of tubal pathology. If mild to moderate endometriosis
is found, direct treatment appears to improve fertility prospects by 13% (Marcoux et al., 1997).
This improvement could however be the result of adhesiolysis that was performed in the same
setting, since the results of another randomised trial did not show a benefit from treating mild
to moderate endometriosis on fertility outcome (Parazzini et al., 1999).

6.4. Selective salpingography and tubal catheterisation
If proximal tubal occlusion is suspected at HSG or laparoscopy, selective salpingography and
tubal catheterisation can be performed under fluoroscopic guidance to assess whether prox-
imal tubal blockage is caused by cornual spasm. In this procedure the tubes are cannulated and
are flushed with contrast media. Tubal perfusion pressure, which can be measured using this
test, appears to have prognostic value in predicting pregnancy (Papaioannou et al., 2004), but
no randomised controlled trials have been published that assess the prognostic value.

6.5. Transvaginal hydrolaparoscopy
Transvaginal hydrolaparoscopy (THL) is a technique that makes use of micro-endoscopic instru-
ments. A scope is entered through the posterior fornix of the vagina into the pelvic cavity. By
means of aquaflotation, using instillation of warm saline, the tubo-ovarian structures are
assessed. The procedure is usually combined with hysteroscopy and chromopertubation and
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can be combined with falloposcopy. The procedure can be performed using local anaesthesia
or sedation and could be done in an outpatient setting. Findings at THL appear to be in agree-
ment with laparoscopic findings (Watlerot et al. 2003). However no studies have been published
that assess the performance of THL as a predictor of treatment-independent fertility.

6.6. Hystero-contrast-sonography
Transvaginal hysterosalpingo contrast sonography (HyCoSy) combines the instillation of
contrast agents into the uterine cavity with a transvaginal ultrasound and through this allows
assessment of the uterine cavity, tubal patency as well as ovarian morphology. The procedure
can be performed in an outpatient clinic and requires similar time to perform as the HSG. The
performance of HyCoSy as a screening test for tubal infertility compares well with HSG with a
high concordance rate. A diagnosis of occlusion requires additional laparoscopy for confirma-
tion (Helpman et al., 2003, Dijkman et al. 2000).

In summary, to assess tubal patency, it is reasonable to start with screening for chlamydia anti-
bodies. If negative, visual tests of tubal patency can be delayed for several months. If pregnancy
has not occurred in these months a visual test for tubal patency can be performed such as HSG
or hystero-contrast- sonography. If these show tubal abnormalities a laparoscopy and dye test
is indicated. In patients with co-morbidity for tubal pathology or high chlamydia antibody titres,
it is reasonable to proceed to laparoscopy as the initial investigation (ESHRE Capri Workshop
Group, 2004, NICE). However a rational approach for the assessment of tubal pathology can at
present not be based on indisputable evidence.

7. Summary

Presence of ovulatory cycles can be easily assessed. Basal FSH level is not a good diagnostic test
for ovarian reserve and pregnancy outcome in a general subfertility population and neither as
a predictor of fertility outcome in patients with regular menstrual cycles undergoing ART. In
the older patient, a low antral follicle count is a good predictor of poor ovarian response and
poor pregnancy outcome in IVF treatment. More research is required into the predictive value
of total motile count and other semen parameters in the presence of sub optimal semen
quality. The post-coital test does have predictive value in pregnancy outcome and should be
part of the fertility work-up, especially in couples with a duration of subfertility shorter than 3
years and normal semen parameters. More research into a rational approach for the assessment
of tubal patency is needed.
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Abstract

Background
Guidelines recommend diagnostic laparoscopy in subfertile women with known co-morbidities
in their medical history. Aggregated evidence underpinning these recommendations is,
however, currently lacking. For this reason objective of this study was to perform a systematic
review and meta-analysis of the available evidence on the association between items reported
during medical history taking and tuboperitoneal pathology.

Methods
We searched MEDLINE (from 1966 to May 2007), EMBASE (from 1960 to January 2007) and
bibliographies of retrieved primary articles. All studies that compared medical history with the
presence or absence of tubal pathology were selected. A diagnosis of tubal pathology had to
be made by hysterosalpingography, laparoscopy or a combination of both. In the absence of
invasive tubal testing, tuboperitoneal pathology was considered to be absent in case of
intrauterine pregnancy. Homogeneity between studies was assessed, and the association
between medical history and tubal pathology was expressed as a common odds ratio with a
95% CI. No language restriction was applied.

Results
We included 32 studies. In cohort studies, strong associations were found for a history of
complicated appendicitis (OR 7.2, 95% CI 2.2-22.8), pelvic surgery (OR 3.6, 95% CI 1.4-9.0) and
pelvic inflammatory disease (PID) (OR 3.2, 95% CI 1.6-6.6), and in case-control studies, for a
history of complicated appendicitis (OR 3.3, 95% CI 1.8-6.3), PID (OR 5.5, 95% CI 2.7-11.0),
ectopic pregnancy (OR 16.0, 95% CI 12.5-20.4), endometriosis (OR 5.9, 95% CI 3.2-10.8) and
sexually transmitted disease (OR 11.9, 95% CI 4.3-33.3).

Conclusions
Subfertile women reporting a history of PID, complicated appendicitis, pelvic surgery, ectopic
pregnancy and endometriosis are at increased risk of having tuboperitoneal pathology. In these
women, diagnostic laparoscopy should be offered early in the fertility work-up.

C H A P T E R  3
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Introduction

Approximately one in ten couples who are trying to conceive have not succeeded after 1 year
and suffer from subfertility (Hull et al., 1985; Boivin et al., 2007). It has been estimated that in
about 10-30% of these couples, subfertility is due to tuboperitoneal factors (Evers, 2002). There-
fore, tubal patency testing is part of the standard fertility work-up. Diagnostic laparoscopy with
tubal testing is considered the reference standard for diagnosing tubal disease but requires
general anaesthesia and is invasive and expensive, limiting its routine use (Bosteels et al., 2007).
Selection of women at highest risk for tubal pathology could be an option to restrict the use of
laparoscopy and medical history taking might be a tool to do so.

Guidelines (NICE, 2004; ASRM, 2006) recommend hysterosalpingography (HSG) to screen for
tubal pathology in women who are not known to have co-morbidities (such as pelvic inflam-
matory disease [PID], previous ectopic pregnancy and endometriosis). Laparoscopy with dye
(DLS) is recommended in women who are thought to have co-morbities in their medical history.
However, aggregated evidence to underpin this recommendation is currently lacking.

The aims of the present study were to systematically identify possible risk indicators in the
medical history for tubal pathology and to quantify their associations by means of meta-
analysis.

Material and Methods

Identification of studies
We performed this systematic review and meta-analysis according to standard methodology
(Irwig et al., 1994; Khan et al., 2001; Pai et al., 2004). http://onlinelibrary.wiley.com/doi/
10.1111/j.1471-0528.2008.02070.x/full - b7. We performed a computerised search in MEDLINE
(from 1966 to May 2007) and EMBASE (from 1960 to January 2007) to identify articles reporting
on risk indicators for tubal pathology. Language restrictions were not applied. Reference lists
of included studies were scrutinised for articles not identified by the electronic searches. For
pragmatic reasons, we only included the specific risk indicators: sexually transmitted diseases
(STDs), PID and appendicitis as search terms. Keywords used were anamn*, medical history
taking (MeSH), medical records (MeSH), history (MeSH), medical record* (text word), infertility
evaluation (text word), anamneses (text word), anamnesis (text word), sexually transmitted
disease (text word), pelvic inflammatory disease (text word), appendicitis (text word), subfer-
tility (text word), infertility (MeSH), infertility (text word), adnexal diseases (MeSH), genital
diseases, female (MeSH), infertility, female (MeSH), fallopian tube diseases (MeSH), fallopian
tube patency test (MeSH), fallopian tubes (MeSH), tubal pathology (text word), tubal occlusion
(text word), tubal blockage (text word), tubal disease (text word), tubal subfertility (text word),
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hysterosalpingography (MeSH), laparoscopy (MeSH), hysterosalpingogram (text word) and HSG
(text word).

Selection of studies and data extraction
Two independent reviewers (F.Y.L. and S.F.P.J.C.) screened the electronic searches for eligible
articles by reading the title and abstract. Cohort studies, case-control and cross-sectional studies
were eligible for inclusion. In case-control studies, cases had to be women with tubal pathology,
proven with HSG or DLS. Controls were women without tubal pathology proven on either HSG
or DLS or assumed because women were pregnant or had delivered a live born child at the same
period of time. Cohort studies were defined as studies reporting on medical history taking in a
subfertile population, in which presence of tubal pathology was subsequently diagnosed by
testing with HSG, DLS or a combination of both. All identified articles were retrieved in full and
assessed by two reviewers for eligibility. Any disagreements were resolved by consensus. In
case of persistent disagreement, the judgement of a third reviewer (B.W.J.M.) was decisive.

All studies were scored by a combination of three independent reviewers (F.Y.L., H.R.V. and
S.F.P.J.C.) on methodological quality by a data extraction form based on the QUADAS tool
(Whiting et al., 2003). We scored each study on the following characteristics: (1) study design
(cohort study, case-control or cross-sectional study), (2) sampling (consecutive women or other),
(3) data collection (prospective or retrospective), (4) blinding (present or absent), (5) verification
bias (partial or differential verification bias), (6) reported definition of tubal pathology and (7)
missing results or withdrawals (Whiting et al., 2003).

A two-by-two table had to be available from the articles, either directly or retractable from the
data supplied, in which items from medical history were classified against the presence or
absence of tubal pathology. We studied the following risk indicators: pelvic surgery, appen-
dicectomy, normal appendicectomy, appendicitis, complicated appendicitis, PID, STD,
Chlamydia, intrauterine contraceptive device (IUCD), induced abortion, miscarriage, history of
endometriosis, abnormal vaginal discharge, dysmenorrhoea, chronic abdominal pain, ectopic
pregnancy, number of sexual partners in the past and dyspareunia.

Tubal pathology was defined as any of the following: unilateral or bilateral tubal occlusion
(proximal or distal), tubo-ovarian or pelvic adhesions.

Statistical analysis
From the data in each study, two-by-two tables were constructed in which items from the
medical history were related to the presence or absence of tubal pathology. Odds ratios and
their 95% CI were calculated from these tables. For each risk indicator, homogeneity was tested
by means of the Breslow-Day test. P values of <0.05 were considered to indicate statistically
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significant heterogeneity. In case homogeneity could not be rejected, a common odds ratio
with a 95% CI was calculated for each exposure by means of the Mantel-Haenszel method. If
homogeneity was rejected, a random effect model was used to calculate the common odds
ratio (DerSimonian and Laird, 1986). Statistical analysis was performed using SAS software (SAS
Institute, Inc., Cary, NC, USA). RevMan 4.2 software (Cochrane Collaboration) was used to
construct forest plots and visualize the data. An increase in the odds for risk of tubal pathology
was displayed graphically to the right of the centre line; a decrease in the odds was displayed
to the left of the centre line.

Results

Number of retrieved studies
The search in MEDLINE and EMBASE detected 1675 studies, of which 132 articles were selected
for further reading based on the titles and abstracts. Of these 132 studies, 100 were excluded
after reading the papers in full. No additional papers were identified in cross-references of the
selected articles that fulfilled the inclusion criteria, leaving 32 articles available for analysis
(Figure 1). Papers in languages other than English were translated. However, we were not able
to appraise one study in Bulgarian (Cherveniashki et al., 1989). The English abstract of this study
described a cohort of 114 women with primary tubal infertility and the prevalence of previous
appendicectomy, but it was unclear whether or not a control group was used. For this reason,
the study was excluded from the analysis.

Characteristics of the included studies
Of the 32 studies, 18 studies used a case-control design (Cramer et al., 1985; Daling et al., 1985a;
Daling et al., 1985b; Aubriot et al., 1986; Mueller et al., 1986; Mueller et al., 1987; Lalos 1988;
Phipps et al., 1987; Sellors et al., 1988; Gayer and Henry-Suchet, 1990; Mueller et al., 1992; Grod-
stein et al., 1993; Ault et al., 1998; Hubacher et al., 2001; Urbach et al., 2001; Minh et al., 2002;
Torres-Sanchez et al., 2004; Merki-Feld et al., 2007) and 14 studies were cohort studies
(Cumming and Taylor, 1979; Trimbos-Kemper et al., 1982; Conway et al., 1984; Guderian and
Trobough, 1986; Otolorin et al., 1987; Collet et al., 1988; Osser et al., 1989; Opsahl and Klein,
1990; Ruijs et al., 1990; Rozewicki et al., 1992; Forman et al., 1993; Johnson et al., 2000; Logan
et al., 2003; Hubacher et al., 2004). The exact definition of tubal pathology was not described
in nine studies (Cumming and Taylor, 1979; Daling et al., 1985a; Daling et al., 1985b; Mueller
et al., 1987; Gayer and Henry-Suchet, 1990; Grodstein et al., 1993; Urbach et al., 2001; Minh et
al., 2002; Torres-Sanchez et al., 2004). In the other 23 articles, the definition was mentioned
according to predefined criteria. In 18 studies, both HSG and DLS were used as reference tests
(Trimbos-Kemper et al., 1982; Conway et al., 1984; Cramer et al., 1985; Daling et al., 1985a;
Daling et al., 1985b; Mueller et al., 1986; Mueller et al., 1987; Otolorin et al., 1987; Phipps et al.,
1987; Mueller et al., 1992; Grodstein et al., 1993; Ault et al., 1998; Collet et al., 1988; Osser et
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Retrieved from searches
• Pubmed: n = 1540 
• Embase: n = 135

Total n = 1675

Retrieved in full 
• Pubmed n = 121 
• Embase n = 11

Total n = 132

Excluded after reading titles and 
abstracts:
• Pubmed: n = 1419 
• Embase: n = 124

Total n = 1543

Inclusion after consensus by three 
independent reviewers:

Total n = 32

Excluded after reading the articles:
(descriptive design, inability to construct 
2x2 tables)
• Pubmed: n = 89 
• Embase: n = 11

Total n = 100

Figure 1
Flowchart of the inclusion and exclusion of studies

Figure 2
Methodological quality of the included studies (n = 32)

Study type (case-control vs cohort)

Type of reference test (hsg, hsg & dls, dls)

Definition of tubal pathology stated (yes/no)

Reference test blinded (yes/no/unclear)

Index test blinded (yes/no/unclear)

Partial verification bias (yes/no/unclear)

Differential verification bias (yes/no/unclear)

0% 20% 40% 60% 80% 100%
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al., 1989; Opsahl and Klein, 1990; Ruijs et al., 1990; Urbach et al., 2001; Logan et al., 2003). In
five studies, a HSG was used to identify tubal pathology (Aubriot et al., 1986; Gayer and Henry-
Suchet, 1990; Rozewicki et al., 1992; Hubacher et al., 2001; Merki-Feld et al., 2007). Eight studies
reported laparoscopy as the reference standard (Cumming and Taylor, 1979; Guderian and
Trobough, 1986; Forman et al., 1993; Sellors et al., 1998; Johnson et al., 2000; Minh et al., 2002;
Hubacher et al, 2004; Torres-Sanchez et al., 2004). One study did not report any reference test
(Lalos 1988). As tubal pathology was clearly defined as ‘tubal occlusion and/or peritoneal
adnexal adhesions’, we assume that DLS was performed as a reference test in this study.

In 15 studies, a reference test was not performed if a woman was not at risk for tubal pathology,
leading to partial verification bias (Cramer et al., 1985; Daling et al., 1985a; Daling et al., 1985b;
Aubriot et al., 1986; Mueller et al., 1986; Mueller et al., 1987; Phipps et al., 1987; Lalos 1988;
Sellors et al., 1988; Gayer and Henry-Suchet, 1990; Ruijs et al., 1990; Mueller et al., 1992; Grod-
stein et al., 1993; Ault et al., 1998; Merki-Feld et al., 2007). This was mainly performed in case-
control studies where pregnant women or women who delivered a liveborn child were used as
control group. Ten studies showed differential verification bias as they used a HSG if women
did not report a positive history of assumed risk factors, whereas DLS was used in case of a posi-
tive medical history (Daling et al., 1985a; Daling et al., 1985b; Mueller et al., 1986; Mueller et
al., 1987; Phipps et al., 1987; Ault et al., 1998; Collet et al., 1988; Mueller et al., 1992; Grodstein
et al., 1993; Ruijs et al., 1990). In the other 22 studies, the same reference test was performed
in all women to identify tubal pathology.

The reference test was blinded in five studies (Daling et al., 1985b; Mueller et al., 1992;
Hubacher et al., 2001; Forman et al., 1993; Logan et al., 2003). Six studies reported that the
interpretation of the tubal patency test was not blinded (Daling et al., 1985a; Sellors et al., 1988;
Rozewicki et al., 1992; Urbach et al., 2001; Minh et al., 2002; Merki-Feld et al., 2007), whereas
in 21 studies, blinding was not reported. The overall methodological quality of included articles
is shown in Figure 2. Characteristics of the included studies are outlined in Tables 1 and 2.
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Study Country Design Prevalence of tubal
pathology (%)

N

Cumming and Taylor
(1979)

Canada Retrospective 65 231

Trimbos-Kemper et al.
(1982)

NL Retrospective 58 820

Conway et al. (1984) UK Retrospective 39 123

Guderian and Trobough
(1986)

USA Retrospective 57 245

Otolorin et al. (1987) Nigeria Unclear 55 218

Collet et al. (1988) Gabon Prospective 83 2219

Osser et al. (1989) Sweden Retrospective 70 234

Opsahl and Klein (1990) USA Retrospective 51 477

Ruijs et al. (1990) NL Prospective 24 184

Rozewicki et al. (1992) Poland Retrospective 25 244

Forman et al. (1993) UK Prospective 19 99

Johnson et al. (2000) UK Retrospective 61 80

Table 1
Characteristics of included cohort studies
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Inclusion criteria Exclusion criteria Reference test Risk factors

Infertile women after
completion of fertility
work-up

Severe endocrine
dysfunction; pregnant
before or during fertility
workup; male infertility

DLS Appendicectomy and PID

More than 1 year of infer-
tility

- HSG/DLS Appendicectomy, compli-
cated appendicectomy,
PID and endometritis

More than 2 years of
infertility

- HSG/DLS Pelvic surgery, appen-
dicectomy, PID and IUCD

Women consulting
fertility clinic

Women having specific
probable causes for tubal
occlusion and periad-
nexal adhesions

DLS IUCD

More than 1 year of infer-
tility

Failed insufflation or
technical problems at
HSG or DLS

HSG/DLS IUCD, induced abortion or
miscarriage and OCP

Women after fertility
work-up including CAT
and HSG or DLS

- HSG/DLS Pelvic surgery, chronic
abdominal pain and
ectopic pregnancy

Women with more than
1 year of infertility under-
going DLS, tubal surgery
or IVF

Pregnant women who
came to the clinic for
their first antenatal visit

HSG/DLS PID, IUCD and ectopic
pregnancy

Infertile women who
were surgically evaluated
between 1976 and 1986

Physically unsuitable for
DLS; previously under-
gone tubal assessment
(HSG and DLS); tubal
surgery or a positive
history of an ectopic
pregnany

HSG/DLS Any positive history

More than 1 year of infer-
tility

Pregnancy during fertility
work-up

HSG/DLS PID, STD and vaginal
discharge

Primary or secondary - HSG PID

More than 2 years of
infertility

Previously diagnosed
with PID, endometriosis
or ovarian cysts

DLS Pelvic surgery, vaginal
discharge, chronic
abdominal pain, dyspare-
unia and nulligravida

More than 1 year of infer-
tility, unexplained or
with a positive CAT

Pregnancy before DLS;
CAT not available

DLS Pelvic surgery, appen-
dicectomy, PID,
Chlamydia, cervical
intraepithelial neoplasia
and any clinical feature

S Y S T E M A T I C  R E V I E W  O F  M E D I C A L  H I S T O R Y  A N D  T U B A L  P A T H O L O G Y

43



NL, Netherlands; N, number of patients; OCP, oral contraceptive pill; CAT, Chlamydia antibody test; IVF, in vitro
fertilization

Study Country Design Prevalence of tubal
pathology (%)

N

Logan et al., 2003 UK Retrospective 30 207

Hubacher et al Mexico Unclear 58 321

Table 2
Characteristics of included case-control studies

Study Country Design Prevalence of tubal
pathology (%)

N

Cramer et al. (1985) USA Retrospective 7 3954

Daling et al. (1985a) USA Retrospective 24 318

Daling et al. (1985b) USA Retrospective 50 522

Aubriot et al. (1986) France Retrospective 7 9013

Mueller et al. (1986) USA Retrospective 23 1236
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Inclusion criteria Exclusion criteria Reference test Risk factors

Women referred for tubal
assessment. Normal
semen analysis and
ovulation

Physically unsuitbale for
DLS; history of DLS, HSG,
tubal surgery; ectopic
pregnancy; severe male
factor; pregnancy before
DLS, unavailable CAT

DLS Pelvic surgery, PID, STC,
Chlamydia, IUCD

Primary infertility for
more than 1 year

Previous laparoscopy,
multigravida

DLS PID, STD, vaginal
discharge, chronic
abdominal pain or
dysmenorrhoea or pain
during pelvic examina-
tion

Cases Controls Reference test Risk factors

Infertile women
consulting a fertility clinic
and accepted for further
fertility work-up

Delivered liveborn child
during the same period
of time (excluded women
who conceived after
fertility treatment)

HSG/DLS IUCD

More than 1 year of
secondary infertility with
proven tubal pathology
(HSG/DLS)

Conceived at the same
time when the subfertile
women began their
attempt to become preg-
nant

HSG/DLS PID and IUCD

Women with primary
tubal infertility

Pregnant controls who
conceived in the same
time when the subfertile
cases began trying to
conceive

HSG/DLS PID and ectopic preg-
nancy

More than 1 year of infer-
tility and proven tubal
pathology

Proven patent tubes or
delivered during the
same period of time

HSG PID and ectopic preg-
nancy

More than 1 year of infer-
tility with a positive
history for appendicec-
tomy

Women who gave birth
during the calender year
after the one in which
cases first started trying
to conceive

HSG/DLS Appendicectomy, compli-
cated appendicectomy,
PID and IUCD
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Study Country Design Prevalence of tubal
pathology (%)

N

Mueller et al. (1987) USA Retrospective 23 608

Lalos (1988) Sweden Retrospective 49 246

Phipps et al. (1987) USA Prospective 18 1547

Sellors et al. (1988) Canada Unclear 31 166

Gayer and Henry-Suchet
(1990)

France Retrospective 33 267

Mueller et al. (1992) USA Retrospective 24 680

Grodstein et al. (1993) USA Retrospective 7 4116

Ault et al. (1998) USA Retrospective 41 56

Hubacher et al. (2001) Mexico Prospective 27 1311

Urbach et al. (2001) USA Retrospective 20 612

Minh et al. (2002) Vietnam Unclear 50 134
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Cases Controls Reference test Risk factors

Secondary tubal infer-
tility confirmed by DLS

Women who gave birth
during the calender year
after the one in which
cases first started trying
to conceive

HSG/DLS Appendicectomy, PID,
IUCD, ectopic pregnancy
and number of sexual
partners

Women with proven
tubal pathology

Pregnany women
without any history of
fertility problems

Unclear Pelvic surgery, appen-
dicectomy, PID,
endometriosis and
ectopic pregnancy

Women attending a
fertility clinic

Delivered in the same
period of time; no history
of fertility therapy

HSG/DLS IUCD

Tubal infertility proven
with DLS

Women undergoing
tubal ligation or reversal
of previous sterilisation

DLS PID and STD

Women with noninfec-
tious tubal infertility for
more than 1 year

Fertile women (sponta-
neous pregnancy in the
past)

HSG IUCD

More than 1 year of infer-
tility

Women who gave birth
in the same time period
of time as the patients
were evaluated for their
infertility

HSG/DLS PID

Women with more than
1 year of infertilty and
who had not previously
delivered a liveborn child

Delivered liveborn child
without a history of infer-
tility therapy

HSG/DLS PID, IUCD, Trichomonas,
yeast, gonorrhoea,
herpes, genital warts,
vaginitis and number of
sexual partners

More than 1 year of infer-
tility and proven tubal
pathology on HSG/DLS

More than 1 year infer-
tility and no tubal
pathology on HSG/DLS or
male factor infertility

HSG/DLS PID, STD, Chlamydia and
ectopic pregnancy

More than 1 year of infer-
tility, proven tubal
pathology on HSG

Women with patent
tubes on HSG or primi-
gravid women

HSG PID and IUCD

Primary tubal infertility
proven with HSG/DLS

Women with a proven
pregnancy in the same
period of time

HSG/DLS Appendicectomy, compli-
cated appendicectomy,
PID, IUCD and
endometriosis

Secondary infertility
confirmed by DLS

Women undergoing
caesarean section shown
intact tubes

DLS Pelvic surgery, IUCD and
induced abortion
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Study Country Design Prevalence of tubal
pathology (%)

N

Torres-Sanchez et al.
(2004)

Mexico Unclear 20 1255

Merki-Feld et al. (2007) Switzerland Retrospective 14 260
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Inclusion criteria Exclusion criteria Reference test Risk factors

Tubal infertility proven
with DLS

Fertile women who
deliverd in the past 2
years

DLS PID, induced abortion
and ectopic pregnancy

Subfertile women who
underwent HSG

Women with proven
tubal patency and primi-
gravida 

HSG IUCD
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Surgery-related risk indicators
Three studies reported on a history of complicated appendicitis. The pooled results of two case-
control studies (OR 3.3, 95% CI 1.8-6.3; Figure 3) and one cohort study (OR 7.2, 95% CI 2.2-23.8;
Figure 4) demonstrated a strong association with tubal pathology. Eight studies (four cohort
and four case-control) examined the association between a history of uncomplicated or compli-
cated appendicectomy and tubal pathology. Overall results indicated a mildly increased risk of
tubal disease with a common odds ratio of 2.0 (95% CI 1.5-2.6) in case-control studies, but no
increased risk in the cohort studies (OR 0.9, 95% CI 0.7-1.3). Seven studies (five cohort and two
case-control) assessed a history of pelvic surgery. The data of the case-control studies showed
significant heterogeneity. A history of pelvic surgery increased the likelihood of tubal pathology,
with an odds ratio of 3.6 (95% CI 1.4-9.0; Figure 5) in the pooled cohort studies but not in the
case-control studies (OR 1.5, 95% CI 0.2-11.6; Figure 6). A positive history of induced abortion
(three case-control studies) showed a statistically significant association with tubal pathology,
with an odds ratio of 1.7 (95% CI 1.3-2.1; Figure 7).

Figure 3
Pooled OR of case-control studies for complicated appendicitis as risk indicator for tuboperi-
toneal pathology

Figure 4
Pooled OR of cohort study for complicated appendicitis as risk indicator for tuboperitoneal
pathology
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Figure 5
Pooled OR of cohort studies for pelvic surgery as risk indicator for tuboperitoneal pathology

Figure 6
Pooled OR of case control studies for pelvic surgery as risk indicator for tuboperitoneal
pathology

Figure 7
Pooled OR of case control studies for induced abortion as risk indicator for tuboperitoneal
pathology
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Infection-related risk indicators

The relation between previous PID and the probability of tubal pathology was examined exten-
sively, with 9 cohort and 12 case-control studies reporting. For previous PID, a strong association
with tubal disease was found in the pooled cohort studies (OR 3.2, 95% CI 1.6-6.6; Figure 8) and
case-control studies (OR 5.5, 95% CI 2.7-11.0; Figure 9). Five studies (three cohort and two case-
control) reported a history of STDs in general but did not specify the underlying pathogens.
Analysis of these data showed a non-significant association in the cohort studies (OR 0.6, 95%
CI 0.4-1.3) but a significant association in the case-control studies (OR 11, 95% CI 4.3-33.3). Self-
reported previous Chlamydia infection (one cohort and one case-control study) was not found
to be statistically significantly associated with tubal pathology (Table 3).

Figure 8
Pooled OR of cohort studies for PID as risk indicator for tuboperitoneal pathology

Figure 9
Pooled OR of case control studies for PID as risk indicator for tuboperitoneal pathology

C H A P T E R  3
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Other risk indicators
A history of endometriosis (two case-control studies) strongly increased the risk for tubal
pathology (OR 5.9, 95% CI 3.2-10.8; Figure 10). The previous use of an IUCD was examined in
16 studies (5 cohort and 11 case-control). Homogeneity was rejected in the case-control studies,
but pooling of the data using a random effects model still showed a mild association with tubal
pathology, which was statistically significant (OR 2.0, 95% CI 1.6-2.6). The same applied to
cohort studies (OR 1.9, 95% CI 1.3-2.8). A history of abnormal vaginal discharge (three cohort
studies) was not associated with tubal pathology (OR 1.3, 95% CI 0.9-2.0). Women recalling a
history of chronic or severe pelvic pain (two cohort studies) showed an increased risk for tubal
pathology (OR 1.9, 95% CI 1.0-3.6). A total of seven studies (two cohort and five case-control)
examined the effect of a previous ectopic pregnancy. With an odds ratio of 16.0 (95% CI 12.5-
20.4; Figure 11) for case-control studies, ectopic pregnancy showed a strong association with
tubal disease, which was not found in the cohort studies (OR 3.7, 95% CI 0.3-47.6; Figure 12).

Figure 10
Pooled OR of case-control studies for endometriosis as risk indicator for tuboperitoneal
pathology

Figure 11
Pooled OR of case-control studies for ectopic pregnancy as risk indicator for tuboperitoneal
pathology
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Figure 12
Pooled OR of cohort studies for ectopic pregnancy as risk indicator for tuboperitoneal
pathology

We did find studies reporting an increased risk of tubal pathology when a woman recalled a
history of more than one sexual partner in the past (Mueller et al., 1987; Grodstein et al., 1993).
However, these numbers were too small to include in the statistical analysis. We were not able
to extract two-by-two tables for uncomplicated appendicectomy and dysmenorrhoea. For one
study reporting on the association between induced abortion and tubal pathology, it was not
possible to extract data as this study combined miscarriage and induced abortion (Otolorin et
al., 1987). Only one study reported deep dyspareunia as a risk indicator, but an association with
tubal pathology was not found Forman et al., 1993).

The results of all analyses specified by risk indicator and design, including whether data were
pooled with fixed or random effects models, are summarized in Table 3.

Discussion

This meta-analysis summarizes the available evidence on the value of medical history as risk
indicator for tubal pathology. We found a history of PID and complicated appendicitis to be
strong risk indicators for tubal pathology in both cohort and case-control studies. Strong asso-
ciations between tuboperitoneal pathology and a history of endometriosis, ectopic pregnancy
and STD were found in case-control studies, whereas a strong association with tuboperitoneal
pathology and a history of pelvic surgery was found in cohort studies. For the indicators appen-
dicectomy in general, chronic pelvic pain, previous use of an IUCD and a history of induced abor-
tion, the association was less strong, while for a history of previous Chlamydial infection and
vaginal discharge, only non-significant associations were found.

This study is the first systematic comparison of the relation between certain aspects of the
medical history and the probability of tubal pathology in a subfertile woman. Although previous
narrative reviews have already suggested these factors to be strongly related to tubal disease
(Cheong and Li, 2005), our study provides the evidence-based support to guidelines that are
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Table 3
Risk indicators for tubal pathology in cohort and case-control studies

Risk indicator (study design) Studies (n) Patients
(n)

OR 95% CI

Surgery Complicated appendicitis (cohort) 1 820 7.2 2.2-23.8

Complicated appendicitis (case-control) 2 1845 3.3 1.8-6.3

Pelvic surgery (cohort) 5 728 3.6 1.4-9.0

Pelvic surgery (case-control) 2 380 1.5* 0.2-1.6

Appendicectomy (cohort) 4 1254 0.9 0.7-1.3

Appendicectomy (case-control) 4 2699 2.0 1.5-2.6

Induced abortion (case-control) 3 1911 1.7 1.3-2.1

Inflammation PID (cohort) 9 2444 3.2* 1.6-6.6

PID (case-control) 12 19627 5.5* 2.7-11.0

Chlamydia (cohort) 1 207 2.4 0.6-9.8

Chlamydia (case-control) 1 56 4.8 0.5-9.4

STD (cohort) 3 710 0.6 0.4-1.3

STD (case-control) 2 222 11.9 4.3-33.3

Other Endometriosis (case-control only) 2 858 5.9 3.2-10.8
IUCD (cohort studies) 5 1027 1.9 1.3-2.8

IUCD (case-control) 11 14885 2.0* 1.6-2.6

Vaginal discharge (cohort only) 3 603 1.3 0.9-2.0

Ectopic pregnancy (cohort) 2 453 3.7* 0.3-7.6

Ectopic pregnancy (case-control) 5 11178 16.0 12.5-20.4

Chronic or severe pelvic pain (cohort) 2 318 1.9 1.0-3.6

* Homogeneity was rejected; therefore, data were pooled with a random effects model

already recommending diagnostic laparoscopy to women with known co-morbidities, such as
PID, previous ectopic pregnancy and endometriosis (NICE 2004, ASRM 2006).

In this meta-analysis, we used odds ratios to quantify clinical factors that indicate a risk factor
for tuboperitoneal pathology. Although likelihood ratios are considered an important tool in
the interpretation of diagnostic tests in clinical practice, there is no consensus on whether they
should be used in meta-analysis. Strong arguments against the pooling of likelihood ratios
have been raised, which are in our opinion valid (Zwinderman and Bossuyt, 2008). Moreover,
we believe that odds ratios are useful in clinical practice because the odds ratio is a good esti-
mate of risk ratio when the disease/event is rare (Szklo and Nieto, 2004).
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Although the present study was performed according to established methodology, it has limi-
tations. First, we were only able to perform univariable analyses, as the construction of two-
by-two tables per risk indicator does not allow for correcting their mutual dependence. Multi-
variable analyses of larger studies or analysis of individual patient data (IPD) may well find less
strong associations than we found (Moons and Grobbee, 2002). For instance, a recent study
that described a multivariable model to estimate the probability of tubal pathology in subfertile
couples showed that female age and duration of subfertility were also strongly correlated with
tubal disease (Coppus et al., 2007).

A second limitation of our study is the fact that we defined tubal pathology as any abnormality
disturbing the integrity of one or both tubes, even though it is known that only bilateral tubal
occlusion is strongly correlated with infertility (Mol et al., 1999). We made this decision for
pragmatic reasons. Due to a large variability in the definition used by the original studies,
numerous subanalyses according to the definition of tubal pathology used would otherwise
have to be performed.

A third limitation is that we included five studies in which only HSG was used to verify tubal
pathology [one cohort (Rozewicki et al., 1992) and four case-control (Aubriot et al., 1986; Gayer
and Henry-Suchet 1990; Hubacher et al., 2001; Merki-Feld et al., 2007)]. Inclusion of these
studies could have led to an overestimation of the summary estimates. However, in a
subanalysis excluding these studies, the summary estimates of the value of historical risk
factors did not change, for example the odds ratio for ectopic pregnancy excluding these five
studies was 16.4 (95% CI 9.6-27.8) for case-control studies compared with an odds ratio of 16,
whereas the odds ratio remained 3.7 for the cohort studies (data not shown).

A fourth limitation concerns the design of the studies. In this meta-analysis, 18 case-control
studies were included. The controls in these articles were mainly selected on the basis of preg-
nancy or delivery of a live born child, and these women were classified as having no tubal
pathology. One should, however, be careful with such an assumption as conception is no guar-
antee for absence of tubal pathology. Only bilateral tubal occlusion can almost certainly be
ruled out, but it is still possible that women who conceived spontaneously have unilateral tubal
abnormalities. It has been shown that studies comparing a diseased population with healthy
controls in general overestimate the value of the index parameter under study (Lijmer et al.,
1999; Rutjes et al., 2005). Also, pregnant controls might be less likely to remember or reveal
specific items from their history compared with subfertile women who are under evaluation
in a fertility clinic. This potential recall bias is a common problem with case-control studies and
will probably lead to an overestimation of associations. These factors explain the higher odds
values (with the exception of complicated appendicitis and pelvic surgery) in the case-control
studies. Most evidently, this is seen for the risk indicators ectopic pregnancy and STD, which
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showed a discrepancy with the cohort studies. Contrary to the studies that addressed STD, the
number of women in the studies who addressed ectopic pregnancy was large, which makes an
association with tuboperitoneal pathology more likely. For endometriosis, a strong association
with tuboperitoneal pathology was found, but only two studies with less than 1000 women
were included, and no cohort studies were found. Therefore, these results should be interpreted
with caution. Similarly, risk indicators with odds ratios below 2.0, albeit statistically significant,
that is the previous use of an IUCD and chronic pelvic pain, should be interpreted with caution.

Meta-regression and sensitivity analysis could give insight into how certain study characteris-
tics are related to summary estimates of studied risk factors. However, the availability of data
that could be extracted from the original papers for performing a meta-regression analysis was
limited, which makes such an analysis complicated and can potentially lead to biased results.
Although we used a large number of studies, only few studies were available for specific risk
items. Given such low numbers of studies, the potential for robust conclusions from meta-
regression analysis is very limited (Thompson et al., 2002). It would even be better to use IPD
(Lambert et al., 2002) as IPD meta-analyses are generally considered to be the gold standard to
explore subgroups. However, getting IPD from all the observational studies we used is practi-
cally impossible.

A fifth limitation is that we were not able to extract from the articles which type of pelvic
surgery was performed. A history of pelvic surgery for severe endometriosis will have a different
effect on adhesion formation than coagulation for mild endometriosis or puncture of an
ovarian cyst and as a consequence will influence the odds ratio for risk of tuboperitoneal
pathology.

In conclusion, this review shows that women with a positive history of PID, complicated appen-
dicitis, pelvic surgery, ectopic pregnancy and endometriosis are at increased risk for tubal
pathology. Women with these risk factors in their medical history should be offered a diagnostic
laparoscopy with possible surgical procedures by competent surgeons early in the fertility work-
up. To strengthen the evidence outlined in this meta-analysis, large cohort studies addressing
all possible risk indicators for tubal pathology and their mutual (in)dependence are welcomed.
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Abstract

Background
Tubal pathology is a common cause for subfertility. Identifying risk factors in the medical
history for tubal pathology is important to distinguish between those couples who benefit from
early tubal patency tests and those in whom presence of tubal pathology is less likely and
delaying tubal tests is justified. Induced abortion mostly implies an unplanned or unwanted
pregnancy and is associated with an increased risk of genital tract infections. We therefore
hypothesized that a history of induced abortion is associated with an increased risk of tubal
disease in subfertile couples.

Methods
We performed a retrospective hospital based cohort study. For each couple, the reproductive
history was registered. Tubal disease was diagnosed by hysterosalpingography and/or diag-
nostic laparoscopy. We assessed the association between reproductive history and the presence
of tubal disease, by calculating odds-ratios (OR) and 95% confidence intervals.

Results
Data from 6,149 couples were available for analysis. The OR for tubal pathology after a previous
induced abortion was 1.6 (95% CI: 1.3 to 1.9), after a previous ectopic pregnancy 8.4 (95% CI:
6.3 to 12), after a previous miscarriage 1.1 (95% CI: 0.87 to 1.3), and after a previous live birth
1.0 (95% CI: 0.88 to 1.2).

Conclusions
A history of induced abortion is associated with an increased risk of tubal pathology in subfertile
couples. As a consequence, in subfertile women with a history of induced abortion, tubal
patency tests should be considered early in the diagnostic work-up.
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Introduction

The aim of the fertility work-up is to detect or exclude recognized causes of infertility and to
distinguish those couples who have good spontaneous pregnancy prospects from those who
have poor prospects. The work-up for subfertility starts with taking a thorough medical history
of the couple. In current practice, hysterosalpingography and laparoscopy combined with chro-
mopertubation are the two methods mostly used to assess tubal patency in subfertile women.
Both tests are invasive and a burden to the patient, moreover, laparoscopy is expensive. For
these reasons tubal patency tests are usually performed at the end of the fertility work-up.
Tubal pathology is responsible for about 14% of the causes for subfertility (Hull et al.,1985).
The prevalence depends on whether one deals with a primary-care, secondary-care or tertiary-
care population (Evers, 2002).
Identifying risk factors for tubal pathology in the medical history is important since this might
affect the strategy for tubal patency testing, by planning these tests earlier in the work-up. If
bilateral tubal occlusion is present and surgical correction is not feasible, patients should be
offered in-vitro-fertilization (IVF), because their chances of a spontaneous pregnancy or after
intra uterine insemination are almost nihil (Mol et al.,1999). Known risk factors for tubal subfer-
tility are a previous diagnosis of PID or salpingitis (Westrom et al., 1975, Paavonen et al., 1999),
a previous salpingitis as shown by a positive Chlamydia Antibody Titer (CAT) (Thomas et al.,
2000), abdominal surgery (Trimbos-Kemper et al., 1982) or severe endometriosis (Crosignani
et al., 2006). Induced abortion mostly implies an unplanned or unwanted pregnancy and is
associated with an increased risk of genital tract infections (RCOG guideline, 2004). We there-
fore hypothesized that a history of induced abortion is associated with an increased risk of
tubal disease in subfertile couples.

Materials and methods

In this retrospective cohort study, data from 1984 onwards, of all patients presenting at the
Onze Lieve Vrouwe Gasthuis (Amsterdam) with subfertility, were entered prospectively in an
electronic database. The department of reproductive medicine is situated in an inner city
teaching hospital. For each couple we registered the reproductive history, i.e. previous life
births, induced abortions, ectopic pregnancies, and miscarriages. We also recorded female age
and the presence of male subfertility or cervical factor subfertility. From all male patients two
semen samples were analysed. Male subfertility was defined according to World Health Organ-
isation criteria: semen with a volume < 2.0 mL, pH < 7.2, concentration<20 million/mL, < 50%
progressive motile spermatozoa within 1 hour of ejaculation, < 15% normal morphology of the
semen (World Health Organisation,1999). The menstrual cycle was evaluated by a basal body
temperature chart or luteal phase progesterone value. All patients underwent a post-coital test
pre-ovulatory. Correct timing was evaluated by assessing the quality of the cervical mucus and
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by ultrasound imaging of the ovaries. Cervical factor subfertility was classified as an abnormal
post-coital test in the presence of normal semen parameters. Presence of tubal disease was
assessed by hysterosalpingography (HSG) and/or diagnostic laparoscopy and defined as tubal
occlusion of at least one tube or presence of abnormalities believed to be responsible for the
subfertility. All women underwent a HSG. If the HSG was abnormal, a laparoscopy followed to
either confirm or refute the findings at HSG. Presence of tubal pathology was decided upon
the laparoscopic findings. To assess the association between induced abortion and the presence
of tubal disease, we cross tabulated reproductive history and presence of tubal pathology.
Subsequently we calculated Odds Ratios (OR) and their 95% confidence intervals. To assess
whether the result of the univariable analysis was affected by confounding, we also performed
a multivariable analysis, in which we controlled for age, as well as male subfertility or cervical
factor subfertility.

Results

In the study period from 1984 to 2001, data from 6,149 couples were registered. There were
2,944 couples with primary subfertility and 3,205 couples with secondary subfertility. The
median female age was 33.5 years (21-44 years). Tubal pathology was diagnosed in 19.8% of
the couples. Of the 3,205 women with a previous pregnancy, 278 had at least two types of
pregnancy i.e. for example live-birth and previous miscarriage, or other combinations. Tubal
pathology was present in 207 (25%) of 826 women with a previous induced abortion, in 145
(64%) of 226 women with a previous ectopic pregnancy, in 139 (19%) of 748 women with a
previous miscarriage and in 301 (19%) of 1683 women with previous live-births. Tubal
pathology was present in 94 women (6.4%) where male subfertility (1474 or 24%) was diag-
nosed and in 14 women (6%) where cervical factor subfertility (227 or 3.7%) was diagnosed. In
the univariable analysis, previous induced abortion was associated with a mildly increased risk
of tubal pathology (OR 1.6, 95% CI 1.3 to 1.9), whereas for previous ectopic pregnancy this was
strongly increased (OR 8.4, 95% CI 6.3 to 12). Previous miscarriage and previous live-birth were
not related to tubal pathology, OR 1.1 (95% CI 0.87 to 1.3) respectively 1.0 (95% CI 0.88 to 1.2).
Of the other variables, increasing female age per year increased the probability of tubal
pathology (OR 1.05, 95% CI 1.04 to 1.06), whereas presence of male subfertility or cervical factor
subfertility decreased the probability of tubal pathology OR 0.25 (95% CI 0.20 to 0.31) respec-
tively 0.29 (95% CI 0.17 to 0.50). Multivariable logistic regression did not change the results of
the analysis. 

Discussion

In this large cohort study we demonstrated that women with secondary infertility and a history
of induced abortion have a statistically significant increased risk of tubal pathology. We know
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of four previous studies that assessed the relationship between a history of induced abortion
and tubal pathology as diagnosed either by HSG and/or laparoscopy or laparotomy, which all
had a case-control design (Daling et al., 1985, Lalos, 1988, Minh et al., 2002, Torres-Sanchez et
al., 2004), (Table 1). These studies did not show a significant association between a history of
induced abortion and tubal pathology. However, the results of these studies are possibly flawed
by their design. First, they were underpowered to detect a small effect of induced abortion on
secondary tubal infertility. Our study is the largest cohort study to date, consisting of 6,149
couples, which increases the statistical power to assess whether an association between a
history of induced abortion and tubal pathology truly exists. Second, case-control studies of
this kind are sensitive to selection bias. Cases and controls could have had too unequal chances
of being exposed to induced abortion for them to be comparable. Because we used a cohort
design, this bias could not influence the analysis in our study. Third, the socio-economic back-
ground of both cases and controls in these studies could have been different, leading to differ-
ences in uptake of medical care between the subfertile patients and the pregnant controls. A
fertility work-up is expensive, but is in the Netherlands covered by compulsory health insur-
ances. The results of our study are therefore not confounded by the fact that only patients who
can afford expensive fertility examinations seek medical care, or that our population mainly
exists of women with a higher socio-economic status, as in the other studies (Daling et al,
1995,Torres-Sanchez et al., 2004). A limitation of our study is that not all women underwent a
laparoscopy. If HSG did not show any abnormalities a laparoscopy was not performed. HSG
gives a morphological view of the uterine cavity, the fallopian tubes and their patency with a
sensitivity of 65% and a specificity of 83% compared to laparoscopy (Swart el al.,1995). This
could have led to an underestimation of the presence of tubal pathology since HSG does not
allow to assess the presence of pelvic adhesions, either caused by infections or endometriosis,
as in contrast to laparoscopy.
In our population tubal pathology accounted for almost 20% of the diagnosis of subfertility. In
the Netherlands induced abortion is legalised since 1984 and the procedure is generally
performed under safe conditions and reimbursed. The majority of these procedures are instru-
mental first trimester abortions and are performed in specialised clinics or hospitals (Jaarrap-
portage, 2004), this in contrast to countries where induced abortion is not allowed by legislation
and illegal abortion can lead to significant morbidity, including infertility and even mortality
of the woman (Kadayifci et al. 2007).
What do our findings mean? It is well known that a history of PID – the single most important
risk factor for tubal pathology- is associated with induced abortion (Shrikhande et al., 1998,
Daling et al.,1985, Torres-Sanchez et al.,2004) and since induced abortion in the Netherlands
is performed with the same care and under similar sterile conditions as evacuation of a miscar-
riage, in which we did not find an increased risk of tubal pathology, our findings are in support
of PID being the cause of tubal pathology and not the procedure of evacuating the uterine
cavity of the products of conception. The same argument can be made for the risk factors early

65



Authors Publication Type of study Size of study Outcome
OR (95% CI)

Daling et al. Fertil Steril. 1985 Population based
Case-control

127 with known
diagnosis of tubal
infertility
395 women who
conceived a child at
same time as infer-
tile women began
attempt to become
pregnant

1.15 (0.70 to 1.9)

Lalos Eur J Obstet
Gynecol Reprod
Biol. 1988

Hospital based
Case-control

120 with known
diagnosis of tubal
infertility
126 pregnant
women

0.49 (0.25 to 0.96)

Minh et al. Fukushima J Med
Sci. 2002

Hospital based
Case-control

67 women with
diagnosis of tubal
infertility
67 women who
underwent
caesarian section
with intact tubes
confirmed at opera-
tion

1.27 (0.64 to 2.5)

Torres-Sanchez et
al. 

BJOG 2004 Population- and
hospital based
Case-control

251 with known
diagnosis of tubal
infertility
1004 women with a
history of preg-
nancy during two
preceding years or
pregnant at the
time date of inter-
view

0.82 (0.07 to 9.0)*
1.6 (0.29 to 8.7)π

* cases vs neighbourhood controls
π cases vs hospital controls

Table 1
Published articles addressing relation of tubal infertility with induced abortion
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sexual activity, unsafe sex, high prevalence of C. Trachomatis and a high number of sexual part-
ners which all increase the risk for PID (Jossens et al., 1996, Simms et al., 2006).
Unfortunately, we could not control for sexual behaviour and a history of PID or presence of
Chlamydia antibodies, since we introduced this test in our clinic from 1999 onwards. Although
our data do not indicate that induced abortion is the cause of the tubal pathology, but a risk
marker for other factors that cause tubal subfertility, the clinical importance of our study is
that the risk of tubal disease in women presenting with subfertility is increased once they report
a history of induced abortion. This is especially important, since tubal subfertility can be the
result of asymptomatic or silent PID, which for this reason will not be revealed and recorded in
the medical history. This means that invasive diagnostic tests such as laparoscopy should be
considered at an earlier stage of the fertility work-up. On the other hand, we found that in
couples where cervical factor subfertility or male subfertility is present, the risk of tubal
pathology is decreased, thus justifying a postponement of invasive tests for tubal disease.

Conclusion

Women with a history of induced abortion have an increased risk of tubal subfertility. Diag-
nostic tests for tubal patency earlier in the fertility work-up, should be considered.
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Abstract

Background
The aim of tubal testing is to identify women with bilateral tubal pathology in a timely manner,
so they can be treated with IVF or tubal surgery. At present it is unclear for which women early
tubal testing is indicated, and in whom it can be deferred.

Methods
Data of 3716 women who underwent tubal patency testing as part of their routine fertility
workup were used to relate elements in their medical history to the presence of tubal
pathology. With multivariable logistic regression, we constructed two diagnostic models. One
in which tubal disease was defined as occlusion and/or severe adhesions of at least one tube,
whereas in a second model, tubal disease was defined as the presence of bilateral abnormali-
ties.

Results
Both models discriminated moderately well between women with and women without tubal
disease with an area under the receiver-operating characteristic curve (AUC) of 0.65 (95% CI:
0.63-0.68) for any tubal pathology and 0.68 (95% CI: 0.65-0.71) for bilateral tubal pathology,
respectively. However, the models could make an almost perfect distinction between women
with a high and a low probability of tubal pathology. A decision rule in the form of a simple
diagnostic score chart was developed for application of the models in clinical practice.

Conclusions
In conclusion, the present study provides two easy to use decision rules that can accurately
express the women’s probability of (severe) tubal pathology at the couple’s first consultation.
They could be used to select women for tubal testing more efficiently.
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Introduction

Tubal pathology ranks among the most frequent causes of subfertility, next to ovulatory disor-
ders and sperm defects (Evers, 2002). Therefore, in British and Dutch guidelines, tubal patency
testing is a part of the fertility workup (National Institute of Clinical Excellence 2004; Neder-
landse Vereniging voor Obstetrie en Gynaecologie, 2004). The most frequently used and widely
accepted tests for this are hysterosalpingography (HSG) and diagnostic laparoscopy with chro-
mopertubation. Both tests have several drawbacks however. Women consider HSG a painful
test and HSG has a considerable risk of infection (Forsey et al., 1990; Liberty et al., 2007).
Laparoscopy is an invasive surgical procedure that requires general anesthesia with associated
risks, and its availability is restricted as it is an expensive investigation requiring operating time
and dedicated personnel.

For these reasons, tubal testing is usually performed in a selected group of subfertile women.
At present, guidelines advocate medical history taking as a tool to select women for tubal
testing (National Institute of Clinical Excellence 2004). It is not entirely clear how elements
from the medical history should be combined to identify women that should undergo early
tubal patency testing. So far, only a few studies with relatively small sample sizes have tried to
summarize this information in a quantitative manner (Hubacher et al., 2004; Coppus et al.,
2007).

The aim of the present study was to form clinical decision rules based on medical history that
can help to identify women at high and low risk for (severe) tubal disease. These decision rules,
presented as simple quantitative score charts, were developed in a large cohort of women who
underwent routine tubal patency testing.

Materials and Methods

Patients
Between January 2002 and February 2004, consecutive couples presenting at the fertility clinic
of 38 centres in The Netherlands were invited to join a prospective cohort study. The local ethics
committee of each participating centre gave Institutional Review Board approval for this study.
All couples underwent a basic fertility workup according to the guidelines of the Dutch Society
of Obstetrics and Gynaecology. The details of this workup have been described in detail else-
where (van der Steeg et al., 2007).

The present analysis was limited to couples with a regular ovulatory cycle, defined as a cycle
length between 23 and 35 days with a within cycle variation of less than 8 days. Ovulation was
detected by a basal body temperature chart, mid-luteal serum progesterone, or by ultrasono-
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graphic monitoring of the cycle. Couples with a history of reversal of sterilization, tubal surgery,
IVF or previous tubal patency testing were excluded. Couples in whom semen analysis showed
a severe impairment of semen quality requiring IVF-ICSI (defined as a post-wash total motile
count < 1 x 10^6), were also excluded from the present analysis.

For each couple, we registered referral status (by a general practitioner or gynaecologist), dura-
tion of child wish, female and male age, dysmenorrhoea, female and male smoking habits,
history of pelvic inflammatory disease (PID), history of Chlamydia infection, previous pelvic
surgery other than Caesarean section, previous treatment with intrauterine insemination and
previous pregnancies from the female and male partner in the present and/or prior relation-
ships, including whether these resulted in an ectopic pregnancy, legally induced abortion, spon-
taneous abortion or term delivery. Moreover, the total motile sperm count (TMC) was recorded.

Duration of child wish was defined as the period between the date the couple had started
unprotected intercourse and the date of first consultation. Female and male age was calculated
at the time of this first visit. Previous PID had either been confirmed laparoscopically or was
documented if a woman had been treated with antibiotics for a period of intense abdominal-
pelvic pain and fever, for which no other focus had been found. Infection with Chlamydia
trachomatis was self reported by the patient, and could have been symptomatic or asympto-
matic. Missing data in patients’ history were imputed, as restricting the analysis to complete
cases leads to loss of statistical power and potentially biased results in multivariable analyses
(van der Heijden et al., 2006). For this purpose the ‘aRegImpute’ multiple imputation function
in S-plus 2000 (MathSoft Inc.) was used.

Tubal patency testing was performed with either HSG, diagnostic laparoscopy (DLS) or trans-
vaginal hydrolaparoscopy (THL), depending on the local protocol of participating hospitals. In
case tubal patency was evaluated both with HSG and diagnostic laparoscopy or THL, the result
of the most invasive test was taken as conclusive. Tubal pathology was defined as uni- or bilat-
erally impaired or absent flow of contrast medium on HSG, and as uni- or bilateral occlusion
and/or hydrosalpinx and/or severe adhesions disturbing ovum pick-up if the tubes were eval-
uated with laparoscopy or THL. This definition included endometriosis related tubal disease.

Statistical analyses
We developed two multivariable logistic regression models. In the first model, all women with
either uni- or bilateral abnormalities were coded as diseased, whereas only those women with
bilaterally normal tubes were considered as non-diseased. This first model will be referred to
as the ‘any pathology model’. In the second model, only women with bilateral tubal abnormal-
ities were classified as diseased, while women with uni- or bilaterally normal tubes were consid-
ered to be non-diseased. The latter model will be referred to as the ‘bilateral pathology model’.
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For the development of the multivariable models, we first checked the assumption of linearity
between the continuous variables female age, male age, TMC and duration of child wish on
the one hand and both definitions of tubal pathology on the other hand using smoothed piece-
wise polynomials (splines) (Harrell et al., 1988). Non-linear associations were redefined, based
on these spline functions. Subclasses within categorical variables were dichotomized. We then
performed univariable and multivariable logistic regression analysis to estimate odds ratios
(ORs), 95% confidence intervals (95% CI) and corresponding P-values for both dichotomous and
continuous variables.

As the use of too stringent P-values for variable selection is more deleterious for a model than
including too many factors (Steyerberg et al., 2000), all variables that showed a significance
level of <30% in univariable analyses were entered in the multivariable logistic regression
model. To make parsimonious models, we used a stepwise backwards selection procedure,
using a predefined significance level of >10% for removing variables from the models.

To adjust for overfitting, we performed internal validation with bootstrapping (Steyerberg et
al., 2001). We generated 500 bootstrap data sets in which the same multivariable logistic
regression model was estimated. By analysing the difference between the model based on the
original dataset and the bootstrap estimates, a shrinkage factor was calculated, and used to
correct the original model coefficients and associated probability estimates for overfit.

The discriminative capacity of the models was evaluated by calculating the area under the
receiver- operating curve (AUC). Calibration of the models was assessed by comparing the calcu-
lated probabilities across five risk groups (quintiles) with the observed proportion of tubal
disease in each of these groups. The goodness-of-fit was evaluated graphically and tested
formally with the Hosmer and Lemeshow test statistic.

Finally, a paper score worksheet was developed, for which the shrunken regression coefficients
were multiplied by 10 and rounded to simplify the computation for clinical practice. Values for
continuous variables were obtained by linear interpolation. This diagnostic rule was then trans-
formed into a score chart to simplify computations in clinical practice. Data were analysed using
SPSS 12.0.1 (SPSS Inc., Chicago, IL, USA) and S-PLUS 2000 (MathSoft Inc.)

Results

During the study period, data of 7860 couples were collected. Of these, 938 women did not
have a regular ovulatory cycle, 636 men had severely impaired sperm quality and 196 couples
had previously undergone fertility surgery or IVF. In another 568 women, HSG or DLS had been
performed in a previous episode of subfertility. In total, these factors left 5522 couples for inclu-
sion.
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In total, 3716 women underwent 2752 hysterosalpingographies, 1527 diagnostic laparoscopies
and 160 transvaginal hydrolaparoscopies (Figure 1). About 2039 women underwent only HSG,
808 women underwent only laparoscopy and 147 women underwent only THL. The remaining
722 women underwent multiple tests: 709 women had HSG and laparoscopy, 3 women had
HSG and THL, 9 women had THL and laparoscopy, and 1 woman underwent all three proce-
dures.

Figure 1
Study profile

In 1806 women (32%), tubal patency was not assessed invasively. Women that were tested
were significantly less often referred by a gynaecologist (7.4% versus 10.4%, P < 0.001), had a
longer duration of subfertility (median 1.5 versus 1.4 years, P < 0.001), were less often treated
previously with IUI (3.1% versus 6.7%), had conceived less often previously in the present rela-
tionship (30.3% versus 36.5%, P < 0.001) and more often had a history of pelvic surgery (14.2
versus 11.3%, P = 0.008) than women that did not undergo tubal testing.

The median time between the couple’s first appointment and tubal patency testing with HSG
was 3.1 months. For laparoscopy and for THL, these intervals were 6.5 months and 4.9 months
respectively. For all women, the median time from first visit to a definitive diagnosis regarding
tubal patency was 4.1 months (5th-95th percentile 1.1 to 15.8 months). Severe bilateral tubal
pathology was diagnosed in 312 women, corresponding with a prevalence of 8.4%. In 369
women, unilateral pathology was diagnosed, which results in an overall prevalence for
combined uni- or bilateral tubal disease of 18%.

The baseline characteristics of the 3716 couples are shown in Table 1. In total, 15% of data
points were missing and subsequently imputed. The spline analyses showed that the relation

Consecutive subfertile couples
n = 7860

N = 5522
• 1806 women no tubal testing
• 3716 women tubal testing

Excluded
• n = 938 ovulation disorder 
• n = 636 TMC < 1 x 106

• n = 196 previous IVF or fertility surgery
• n = 568 previous tubal testing

Number of tubal patency tests in 3716 
women
• 2752 HSG
• 1527 DLS
• 160 THL

C H A P T E R  5
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between most continuous variables and the probability of both outcomes was approximately
linear. A non-linear relationship was observed for female age, with a marked increase in risk
with age over 32 years. We therefore redefined female age as two linear variables, one for
female age below and one for age above 32 years.

Table 1
Baseline characteristics of the 3716 included couples

Results of the univariable and multivariable analyses are summarized in Table 2. For any tubal
pathology, the multivariable analysis showed that prolonged duration of subfertility, a preg-
nancy of both partners or of only the male partner in a previous relationship, male smoking
habits, a history of PID, history of Chlamydia infection, history of ectopic pregnancy and
previous pelvic surgery were all factors that increased the likelihood of tubal pathology. A
history of a legally induced abortion also contributed to a higher probability of tubal pathology,
although this parameter was not statistically significant at the 5% level (P = 0.07).

Mean/Median* 5th-95th percentile

Female age (years) 32.4 25.3-39.0

Male age (years) 34.9 27.5-44.6

Duration of child wish (years) 1.5* 0.7-4.3

Subfertility, primary (n) (%) 2312 62.2

M E D I C A L  H I S T O R Y  M O D E L S  F O R  T U B A L  P A T H O L O G Y
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Table 2
Results of the uni- and multivariable analysis
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For bilateral tubal pathology, multivariable analysis showed that referral by a gynaecologist,
female age above 32 years, dysmenorrhoea and smoking of the woman increased the likelihood
of disease, as did a longer duration of subfertility, a pregnancy of both partners in a previous
relationship, male smoking habits, history of PID, history of Chlamydia infection, ectopic preg-
nancy and previous pelvic surgery. In contrast, a previous pregnancy in the current relationship
and a higher male age lowered the chances of bilateral tubal pathology.

The ‘any pathology’ model had a modest overfit of 4%, whereas the ‘bilateral pathology’ model
showed 9% overfit. To improve calibration of the probabilities in future patients, the regression
coefficients of the models were shrunk with these factors. Both models discriminated modestly
between diseased and non-diseased with an AUC of 0.65 (95% CI: 0.63-0.68) for the ‘any
pathology’ model and 0.68 (95% CI: 0.65-0.71) for the ‘bilateral pathology’ model, respectively.

The calibration of the model for any tubal pathology is shown in Figure 2a, and that for bilateral
tubal pathology in Figure 2b. The calculated probabilities of bilateral tubal pathology correlated
well with the observed proportions of affected women, as all points were located close to the
line of equality (x = y), indicating good calibration of the model. This was confirmed by the
Hosmer and Lemeshow test statistic (P = 0.83). Because of the overestimation of the lowest
probabilities for women with any tubal pathology, the calibration of this model was less
optimal (P = 0.27). However, the women with the highest likelihood of tubal disease could still
be distinguished adequately from women with an average probability.

Figure 2a and 2b
Calibration plot of the decision rule for uni- or bilateral tubal pathology (left) or bilateral
tubal pathology (right)

M E D I C A L  H I S T O R Y  M O D E L S  F O R  T U B A L  P A T H O L O G Y
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A summary score can be calculated based on the respective elements in a couple’s medical
history. By plotting this score, the probability of tubal pathology can subsequently be read from
a graph. The score charts for both models are presented in Figure 3.

The consequences of the use of the clinical decision rules are shown in Table 3a and 3b. For
example, deferring tubal testing in case of a probability of bilateral tubal pathology of less than
5% results in a 25% reduction in the number of invasive tests procedures, while 90% of women
with bilateral tubal disease are still detected. At this cut-off level, 10 tests have to be performed
to detect one case of bilateral tubal disease. Increasing the cut-off to a higher pre-test proba-
bility of tubal pathology at which tubal patency testing is performed will result in fewer proce-
dures, but also in a higher number of women in whom tubal testing is incorrectly postponed.
By planning tubal testing in women at highest risk for tubal pathology early, the detection rate
will increase while delaying testing in the majority of women correctly. 

C H A P T E R  5
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Strategy Number of
women
undergoing
invasive tubal
testing

Number (%)
of tested
women with
bilateral
tubal
pathology

Reduction of
number of
invasive tubal
tests

Number of
tubal tests
needed to
diagnose one
women with
bilateral
tubal disease

Number (%)
of women in
whom tubal
testing was
withhold
correctly

Number (%)
of women
not tested
with bilateral
pathology

No testing 0 0 3716 (100%) 3404 (91.6%) 312 (8.4%)

Test all with
HSG or DLS

3716 (100%) 312 (8.4%) 0 12 0 0

Test if proba-
bility or bi-
lateral tubal
pathology
> 5%

2786 (75%) 279 (10%) 930 (25%) 10 897 (96.5%) 33 (3.5%)

Test if proba-
bility or bi-
lateral tubal
pathology
> 10%

801 (22%) 139 (17%) 2915 (78%) 6 2742 (94%) 173 (6%)

Test if proba-
bility or bi-
lateral tubal
pathology
> 15%

350 (9.4%) 79 (23%) 3366 (84%) 4 3133 (93%) 233 (7%)

Table 3a
Diagnostic consequences of use of decision rule for bilateral tubal pathology
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Table 3b
Diagnostic consequences of use of decision rule for any tubal pathology

Strategy Number of
women
undergoing
invasive tubal
testing

Number (%)
of tested
women with
any tubal
pathology

Reduction of
number of
invasive tubal
tests

Number of
tubal tests
needed to
diagnose one
women with
any tubal
disease

Number (%)
of women in
whom tubal
testing was
withhold
correctly

Number (%)
of women
not tested
with any
pathology

No testing 0 0 3716 (100%) 3035 (82%) 681 (18%)

Test all with
HSG or DLS

3716 (100%) 681 (18%) 0 5.5 0 0

Test if proba-
bility of any
tubal
pathology
> 15%

1600 (42%) 422 (26%) 2116 (57%) 3.8 1857 (88%) 259 (12%)

Test if proba-
bility of any
tubal
pathology
> 20%

921 (25%) 306 (33%) 2795 (75%) 3 2420 (87%) 375 (13%)

Test if proba-
bility of any
tubal
pathology
> 25%

547 (15%) 208 (38%) 3169 (85%) 2.6 2696 (85%) 473 (15%)
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Figure 3 Score 
bilateral
model

Score uni-or
bilateral
model

Woman’s age (yr) < 32 32-34 34-36 > 36
Bilateral pathology model 0 0 2 3 ………………….
Duration of childwish (yr) < 1 1-2 2-3 3-4 >4
Bilateral pathology model 1 2 3 4 8 ………………….
Any pathology model 0 1 2 3 5 ………………….
Male age (yr) < 25 25-30 30-35 > 35
Bilateral pathology model -8 -10 -11 -13 ………………….
Referral status GP Gyn
Bilateral pathology model 0 4 ………………….
Couple conceived in present relation No Yes
Bilateral pathology model 0 -2 ………………….
Both conceived in prior relation No Yes
Bilateral pathology model 0 8 ………………….
Any pathology model 0 7 ………………….
Only man conceived in prior relation No Yes
Any pathology model 0 4 ………………….
Dysmenorrhoea No Yes
Bilateral pathology model 0 2 ………………….
Woman smoker No Yes
Bilateral pathology model 0 3 ………………….
Male smoker No Yes
Bilateral pathology model 0 3 ………………….
Any pathology model 0 2 ………………….
Previous salpingitis No Yes
Bilateral pathology model 0 9 ………………….
Any pathology model 0 7 ………………….
Previous Chlamydia infection No Yes
Bilateral pathology model 0 6 ………………….
Any pathology model 0 5 ………………….
History of extra-uterine pregnancy No Yes
Bilateral pathology model 0 10 ………………….
Any pathology model 0 17 ………………….
History of legally induced abortion No Yes
Any pathology model 0 3 ………………….
History of pelvic surgery No Yes
Bilateral pathology model 0 3 ………………….
Any pathology model 0 8 ………………….

Sum of above …………………. ………………….
+15 +0

Diagnostic index score …………………. ………………….

Procedure: circle the scores for each of the variables, transfer to rightmost column and add to get the diagnostic
index score. Mark the score in the appropriate figure on the right in order to read off on the Y-axe the probability
of (severe) tubal pathology.



Figure 3
Score chart of the bilateral and any tubal pathology models to estimate the probability of
tubal disease. Left page: calculating the sumscore, below: probability of disease correspon-
ding to this sum score. Upper line indicates the probability of any tubal pathology. Lower
line indicates the probability of bilateral tubal disease

Discussion

We developed two clinical decision rules to calculate the probability of any tubal pathology as
well as the probability of severe bilateral tubal pathology in subfertile women. These rules were
derived from the clinical characteristics of 3716 couples who had been referred for evaluation
of their subfertility in a large prospective multicentre study in the Netherlands. Both models
could discriminate moderately well between women with and women without tubal
pathology. Calibration of the models was good, allowing distinction between women with a
high-risk profile and women with a low-risk profile.

The relative importance of discrimination and calibration depends on the clinical application
of a model (Mol et al., 2005). As our models are intended to counsel women about the proba-
bility that tubal testing would reveal a cause for their subfertility, the accuracy of the numeric
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probability (calibration) is relevant, less so the fact of having tubal disease or not (discrimina-
tion).

A strength of this study is the national multicentre design, which enabled us to include a large
number of women. A possible disadvantage of the multicentre nature is the potential for
heterogeneity, due to differences in tubal testing protocols between hospitals or because of
variability in tubal pathology prevalence between different areas of the country. Therefore we
explored whether the centre as such acted as a confounder for variables that were included in
the models. To do so we added centre as a covariate to the multivariate regression models. This
analysis did not alter the models, nor did it affect the strength of associations.

Data from medical history might suffer from a lack of reliability, and one cannot exclude that
certain items have been reported incorrectly. For example, due to the design of the study, not
all cases that reported a history of PID or Chlamydia infection were verified by laparoscopy or
culture. On the other hand, some women may have reported incorrectly not having suffered
an episode of PID. This will have caused ‘false-positive’ or ‘false-negative’ histories. One should
realise however that these reports do also occur in daily clinical practice, where the information
from medical history is collected during the fertility workup on a routine basis, a situation which
is reflected by our prospective study.
From a study design perspective, ideally all women would have undergone visual assessment
of their Fallopian tubes. In the present study, 32% of eligible women did not undergo tubal
testing, as they conceived prior to tubal testing, or were referred for treatment with IVF, thereby
surpassing the need for tubal testing. As our purpose was to examine the relation between
medical history and outcome of tubal assessment, this mechanism could have led to biased
estimates of associations. To examine the impact of this partial verification, we explored
whether there were any systematic differences between women that did and did not undergo
tubal testing. This was indeed the case, although the absolute differences were small. However,
studies in which the diagnosis is immediately verified in all women are in our opinion hardly
feasible, leaving the present approach as the most practical and possible one.

We chose to develop models for two distinct definitions of tubal pathology; one in which any
type of tubal pathology was considered abnormal, and one in which only bilateral abnormalities
were considered to be abnormal. The latter is in our opinion clinically the one most relevant,
as these women have virtually no chance of conceiving either spontaneously or after intra-
uterine insemination. From a clinical point of view, it is undesirable that these women are
exposed to a long period of expectant management and they should be identified early in the
diagnostic workup and counselled for IVF. At present, the detection of unilateral tubal
pathology is unlikely to imply a major change in clinical management, unless the woman
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already has a poor chance of achieving a treatment independent pregnancy (van der Steeg et
al., 2007).

We limited the study to those women that underwent their first tubal patency test. Couples
with a history of previous tubal testing, previous reproductive surgery or previous IVF are less
likely to undergo tubal testing than couples without such a history. We also excluded couples
in whom the woman was anovulatory or in whom the man had severe oligoasthenozoospermia
requiring IVF-ICSI. The rationale for excluding these couples was to prevent biased associations
as in these conditions tubal patency testing will not always be performed routinely.
To our surprise, we found male characteristics to be associated with the probability of tubal
subfertility. Although male age, male smoking habits, as well as a pregnancy in a previous rela-
tionship cannot causally be related to female tubal damage, it is possible that these male char-
acteristics act as indicators for some unrecorded variables, such as number of sexual partners
or socio-economic status, or reflect lifestyle and selection mechanisms. We performed sub-
analyses in which only female factors were evaluated, but these models had a significantly
lower predictive performance than the models in which data of the couple were included (data
not shown). Furthermore, the model was developed from data collected in over 30 centres, and
we corrected for a possible confounding cluster effects of male characteristics. However, it
might be possible that these associations do not hold in a different population.

There are two ways in which our decision rule can be used. A clinician can use the paper score
chart, which transforms the total sum score into a probability of tubal disease. Alternatively,
the clinician can use the regression formula, which can be incorporated into software, i.e. used
in an electronic patient file, or a handheld device such as a PDA.

Preferences of subfertile women regarding the trade-off between the likelihood of detecting
tubal pathology and the risks and discomforts associated with tubal testing are currently
unknown; therefore, a clear cut-off level cannot be advised at present. The decision rules
presented here cannot be used to exclude subfertile women from tubal patency testing overall,
but allow one to estimate a probability of disease in order to time tubal patency tests
adequately. This means that in clinical practice, tubal testing can be performed directly in case
of a high probability of tubal disease or postponed for several months in women with a low
probability.

In conclusion, the present study provides two easy-to-use decision rules that can accurately
express the woman’s probability of (severe) tubal pathology at the couple’s first consultation.
They could be used to select women for tubal testing more efficiently.
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Appendix

The chance of tubal pathology can be calculated from the multivariable models with the
formula: probability = 1/[1 + exp(-ß)], where the ß for the different models are:
‘any tubal pathology’ model: ß = -2.086+ (0.085*duration of child wish) + (0.445*conceiving of
only male partner prior relation) + (0.672*both partners conceived prior relation) + (0.193*male
smoker) + (0.680*PID) + (0.494*Chlamydia infection) + (1.729*ectopic pregnancy) +
(0.280*legally induced abortion) + (0.771*pelvic surgery).
‘bilateral tubal pathology’ model: ß = -2.201 + (0.351*referral gynaecologist) + (0.054*female
age above 32 years) + (0.129*duration of child wish) + (-0.235*conceived in present relation) +
(0.792*both partners conceived prior relation) + (-0.034*male age) + (0.230*dysmenorrhoea) +
(0.272*female smoker) + (0.259*male smoker) + (0.889*PID) + (0.583*Chlamydia infection) +
(0.961*ectopic pregnancy) + (0.305*pelvic surgery).

84



M E D I C A L  H I S T O R Y  M O D E L S  F O R  T U B A L  P A T H O L O G Y

References

Coppus SF, Opmeer BC, Logan S, van der Veen F, Bhattacharya S and Mol BW. The predictive value of medical 
history taking and Chlamydia IgG ELISA antibody testing (CAT) in the selection of subfertile women for diagnostic
laparoscopy: a clinical prediction model approach. Hum Reprod 2007; 22:1353-1358.

Evers JL. Female subfertility. Lancet 2002; 360:151-159.

Forsey JP, Caul EO, Paul ID and Hull MG. Chlamydia trachomatis, tubal disease and the incidence of symptomatic
and asymptomatic infection following hysterosalpingography. Hum Reprod 1990; 5:444-447.

Harrell FE Jr, Lee KL and Pollock BG. Regression models in clinical studies: determining relationships between
predictors and response. J Natl Cancer Inst 1988; 80:1198-1202.

Hubacher D, Grimes D, Lara-Ricalde R, de la Jarra J and Garcia-Luna A. The limited clinical usefulness of taking a
history in the evaluation of women with tubal factor subfertility. Fertil Steril 2004; 81:6-10.

Liberty G, Gal M, Halevy-Shalem T, Michaelson-Cohen R, Galoyan N, Hyman J, Eldar-Geva T, Vatashky E and
Margalioth E. Lidocaine-Prilocaine (EMLA) cream as analgesia for hysterosalpingography: a prospective, random-
ized, controlled, double blinded study. Hum Reprod 2007; 22:1335-1339.

Mol BW, Coppus SF, Van der Veen F and Bossuyt PM. Evaluating predictors for the outcome of assisted reproduc-
tive technology: ROC-curves are misleading; calibration is not! Fertil Steril 2005; 84:s253-s254 (Abstract).

National Institute for Clinical Excellence. Guideline CG11: Fertility: assessment and treatment for people with
fertility problems. 2004; (http://www.nice.org.uk/download.aspx?o=CG011fullguideline).

Nederlandse Vereniging voor Obstetrie en Obstetrie (2004) Orienterend fertiliteitsonderzoek [NVOG guideline
diagnostic fertility workup].

Steyerberg EW, Eijkemans MJ, Harrell FE Jr. and Habbema JD. Prognostic modelling with logistic regression
analysis: a comparison of selection and estimation methods in small data sets. Stat Med 2000; 19:1059-1079.

Steyerberg EW, Harrell FE Jr., Borsboom GJ, Eijkemans MJ, Vergouwe Y and Habbema JD. Internal validation of
predictive models: efficiency of some procedures for logistic regression analysis. J Clin Epidemiol 2001; 54,774-
781.

Van der Heijden GJ, Donders AR, Stijnen T and Moons KG. Imputation of missing values is superior to complete
case analysis and the missing-indicator method in multivariable diagnostic research: a clinical example. J Clin
Epidemiol 2006; 59,1102-1109.

Van der Steeg JW, Steures P, Eijkemans MJ, Habbema JD, Hompes PG, Broekmans FJ, van Dessel HJ, Bossuyt PM,
van der Veen F and Mol BW. Pregnancy is predictable: a large-scale prospective external validation of the predic-
tion of spontaneous pregnancy in subfertile. Hum Reprod 2007; 22:536-342.

85





87

6
The capacity of hysterosalpingography and laparoscopy 

to predict natural conception

Harold Verhoeve
Sjors Coppus

Jan Willem van der Steeg
Pieternel Steures

Peter Hompes
Petra Bourdrez
Patrick Bossuyt

Fulco van der Veen
Ben Willem Mol

Human Reproduction 2011, 26:134-142



Abstract

Background
Laparoscopy has been claimed to be superior to hysterosalpingography (HSG) in predicting
fertility. Whether this conclusion is applicable to a general subfertile population can be ques-
tioned as data in support of this claim were collected in third line centres. The aim of this study
was to assess the prognostic capacity of HSG and laparoscopy in a general subfertile popula-
tion.

Methods
In 38 centres, we prospectively studied a cohort of patients referred for subfertility between
2002 and 2004, who underwent HSG and/or laparoscopy as part of their subfertility work-up.
Follow-up started immediately after tubal testing and ended 12 months thereafter. Time to
pregnancy was censored at the of date last contact, when the woman was not pregnant or at
the start of treatment. Kaplan-Meier curves for the occurrence of spontaneous intra-uterine
pregnancy were constructed for patients without tubal pathology, those with unilateral tubal
pathology and patients with bilateral tubal pathology at HSG and laparoscopy. Multivariable
Cox regression analysis was used to calculate fecundity rate ratios (FRRs) to express associations
between tubal pathology and the occurrence of an intra-uterine pregnancy.

Results
Of the 3301 included patients, 2043 underwent HSG, 747 underwent diagnostic laparoscopy
and 511 underwent both. At HSG, 322 (13%) patients showed unilateral tubal pathology and
135 (5%) showed bilateral tubal pathology. At laparoscopy 167 (13%) showed unilateral tubal
pathology and 215 (17%) showed bilateral tubal pathology. Multivariable analysis resulted in
FRRs of 0.81 (95% confidence intervals (CI): 0.59-1.1) for unilateral- and 0.28 (95% CI: 0.13-0.59)
for bilateral tubal pathology at HSG. The FRRs at laparoscopy were 0.85 (95% CI: 0.47-1.52) for
unilateral- and 0.24 (95% CI: 0.11-0.54) for bilateral tubal pathology.

Conclusions
Patients with unilateral tubal pathology at HSG and laparoscopy had a moderate reduction in
pregnancy chances whereas those with bilateral tubal pathology at HSG and laparoscopy had
a severe reduction in pregnancy chances. This reduction was similar for HSG and laparoscopy,
suggesting that HSG and laparoscopy have a comparable predictive capacity on natural concep-
tion.
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Introduction

The prevalence of tubal pathology in subfertile populations varies between 11% and 30% and
depends on whether one deals with a population in a primary, secondary or tertiary setting,
with the lowest prevalence in a primary care setting (Hull et al., 1985; Collins et al., 1995; Snick
et al., 1997). Chlamydia Trachomatis is a major cause for tubal pathology. Chlamydia infection
is often asymptomatic and untreated Chlamydia can progress to pelvic inflammatory disease
(PID), infertility, ectopic pregnancy, and chronic pelvic pain. An increase in the prevalence of
Chlamydia infections has been observed in women in their reproductive phase of life (Rekart
and Brunham,2008) and hence tubal pathology remains an important cause for subfertility.

A number of diagnostic tests are being used in clinical practice to assess tubal patency as part
of the work-up for subfertility. The most commonly used are hysterosalpingography (HSG) and
laparoscopy. HSG and Chlamydia Antibody Titer test (CAT) are often seen as screening tests for
the presence of tubal pathology (Den Hartog et al., 2008), whereas laparoscopy is considered
the clinical reference test for diagnosing tubal pathology, (Swart et al.,1995; Mol et al., 1999b).
Laparoscopy allows visualization of peri-adnexal adhesions and the presence of endometriosis,
which cannot be done with HSG. Because of their invasive nature, HSG and laparoscopy are
usually reserved as the last investigation in the fertility work-up. The findings at these diag-
nostic tests should translate into a prognosis of natural pregnancy chances, which can be used
to counsel patients on whether their pregnancy chances can be improved by surgery,
intrauterine insemination (IUI) or in vitro fertilization (IVF).

The relative merits of HSG and laparoscopy for assessing tubal status have been discussed for
many years, reflecting a lack of agreement amongst fertility subspecialists on which diagnostic
tests have to be performed and their prognostic utility (Helmerhorst et al., 1995; Balash, 2000;
Fatum et al., 2002; Lavy et al., 2004; Perquin et al. 2006).
Some studies have shown that patients with unilateral tubal pathology at HSG do not have
reduced chances of a treatment-independent pregnancy, in contrast to those with bilateral
tubal pathology (Mol et al.,1997). For diagnostic laparoscopy and dye a moderate reduction of
natural pregnancy chances in case of unilateral tubal pathology was seen and a severe reduc-
tion in case of bilateral tubal pathology (Mol et al.,1999a). However these studies were retro-
spective in design, relatively small and had included patients visiting a tertiary referral hospital.
In another study, laparoscopy was found to be a better predictor of future fertility than HSG
(Mol et al., 1999b). This study analysed data of couples who underwent both HSG and
laparoscopy and also consisted of a tertiary care population. The conclusion that laparoscopy
is a better predictor of infertility than HSG was weakened by the fact that the median interval
to laparoscopy after a normal HSG was 10 months, compared with 4.5 months for women in
whom HSG had shown two-sided tubal abnormalities.
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It is not clear if the results of these studies are applicable to the general subfertile population.
The purpose of the study presented here was to evaluate the impact of unilateral and bilateral
tubal pathology at HSG and laparoscopy on treatment-independent pregnancy rates in a large
prospective cohort of subfertile ovulatory women from a mixed secondary and tertiary hospital
population. In particular, we evaluated whether a difference in prognostic capacity exists
between HSG and laparoscopy.

Materials and Methods

Between January 2002 and February 2004, consecutive couples presenting at the fertility clinic
of 38 centres in The Netherlands were asked to participate in a prospective cohort study. The
study was approved by the Institutional Review Board in each institution. All couples underwent
a basic fertility work-up according to the guidelines of the Dutch Society of Obstetrics and
Gynaecology. The details of this work-up have been described previously (van der Steeg et al.,
2007).

Patients
The present analysis was limited to couples with a regular ovulatory cycle, defined as a cycle
length between 23 and 35 days, with a within cycle variation of less than 8 days. None of the
patients analysed used Clomiphene Citrate. Ovulation was detected by a basal body tempera-
ture chart, mid-luteal serum progesterone, or by ultrasonographic monitoring of the cycle.
Couples with a history of reversal of sterilization, tubal surgery, IVF, or previous tubal patency
testing were excluded. Only those women who underwent a HSG and/or laparoscopy as part
of their fertility work-up were included in the analysis presented here.

Duration of subfertility was defined as the period between the time the couple had started
trying to conceive and the moment of tubal testing. Female age was calculated at the time of
HSG or laparoscopy. Subfertility was considered to be secondary if a woman had conceived in
this or in a previous partnership, regardless of the pregnancy outcome.

In all male partners, at least one semen analysis was performed. The total motile sperm count
(TMC) was calculated by multiplying semen volume, sperm concentration and percentage of
motile spermatozoa. Couples in whom semen analysis showed a severe impairment of semen
quality requiring IVF-ICSI (defined as a total motile count < 1*106), were also excluded from the
present analysis.

Tubal testing and follow-up
Clinics were free to use their own tubal testing protocol. In general, three different protocols
could be distinguished. With the first strategy, tubal patency was routinely evaluated early in
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the work-up with either HSG or laparoscopy. In case of abnormal findings at HSG, a laparoscopy
was planned to verify these findings. With the second strategy, tubal pathology was considered
to be absent in case of a negative CAT and HSG or laparoscopy was only performed in CAT-posi-
tive women. With the third strategy, CAT-negative women were evaluated with HSG, while
laparoscopy was planned in CAT-positive women.

HSG was performed in the follicular phase of the menstrual cycle with either a water-soluble
or oil-based contrast medium. Patients were in supine position during the whole procedure. X-
ray photographs were taken. Spasmolytic drugs were allowed to be used. Each HSG was eval-
uated by a fertility specialist. Laparoscopy was performed with a double-puncture technique.
Methylene blue was injected at room temperature through a Foley catheter in the uterine
cavity. The amount of methylene blue injected was variable, depending on the time necessary
to assess tubal function. Findings at HSG were classified as no tubal occlusion, one-sided tubal
occlusion or two-sided tubal occlusion and impaired flow of contrast if contrast was not shown
beyond the isthmic portion of the tube. Findings at laparoscopy were classified as normal, one-
sided tubal occlusion or two-sided tubal occlusion and proximal- or distal tubal occlusion. Addi-
tional tubal pathology at laparoscopy, i.e. adhesions disturbing ovum pick-up were classified
separately.

Follow-up started after tubal testing and ended 12 months thereafter. A model was used to
calculate the chances of natural conception (Hunault et al., 2004). Expectant management was
advised if the fertility work-up showed no abnormalities and couples had a probability of
natural conception in the next 12 months of 40% or higher. Treatment was generally advised
to those with a probability below 30%.
For all women lost to follow-up, the general practitioner was sent a questionnaire and asked
about the fertility status of the couple.

Analysis
The primary endpoint in this study was a spontaneous ongoing pregnancy at 12 weeks of gesta-
tional age, confirmed by ultrasonography. The first day of the last menstrual cycle was consid-
ered to mark the end of time until spontaneous conception. Time to pregnancy was censored
at the moment treatment (IUI, IVF or tubal surgery) had started within 12 months after coun-
seling, or at the last date of contact during follow-up, when the couple had no ongoing preg-
nancy.

To examine if proximal occlusions identified at HSG or laparoscopy had a different prognostic
effect on treatment-independent pregnancy than distal occlusion / hydrosalpinx or hydrosalp-
inges, ongoing pregnancy rates were scored in relation to the findings of tubal patency at HSG
and laparoscopy.
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We classified the findings at HSG and laparoscopy into three groups and constructed Kaplan-
Meier curves for each i.e. for women without tubal pathology, for those with one-sided tubal
pathology and women with two-sided tubal pathology, irrespective of their nature. Subse-
quently, adjusted fecundity rate ratios (FRRs) and 95% confidence intervals (CIs) were calculated
through multivariable Cox regression modelling. These FRR express the instantaneous proba-
bility of an ongoing pregnancy for women with a particular feature relative to the probability
in those without that feature.

All analyses were stratified according to centre, to adjust for any potential clustering effects of
type of tubal work-up and for differences in prognostic profile of women presenting to the
participating clinics (Harrell, 2001).
In case a woman had been evaluated both with HSG and diagnostic laparoscopy, the results of
these were evaluated separately, i.e. the result of the respective tubal test was used in the
analysis, not the definitive diagnosis regarding tubal pathology in an individual woman. In
those patients who both underwent a HSG and laparoscopy we classified tubal pathology as
no abnormalities, unilateral pathology and bilateral pathology and subsequently constructed
3x3 tables to compare tubal occlusion detected at HSG with occlusion detected at laparoscopy.

Results

Data of 7860 couples were collected. Of these, 938 women (12%) did not have a regular ovula-
tory cycle, 636 men (8%) had severely impaired semen quality and 196 couples (2.5%) had previ-
ously undergone fertility surgery or IVF. In another 568 women (7%) HSG or laparoscopy had
been performed in a previous episode of subfertility. A further 2221 women (28%) did not
undergo HSG or diagnostic laparoscopy as part of their fertility work-up, leaving 3301 women
(42%) for this analysis (Figure 1).

The baseline characteristics of the 3301 couples are shown in Table I. Median duration of subfer-
tility at HSG was 1.8 years (5th to 95th percentile: 1.0-4.3 years) and at laparoscopy 2.2 years (5th-
95th percentiles: 1.2-5.0 years). The median time from the first visit to HSG was 3.0 months (5th-
95th percentiles: 1-11.4), the median time from the first visit to laparoscopy was 5.9 months
(5th-95th percentiles: 1.4 to 16.8).

Of these 3301 women in the analysis, 2043 underwent HSG, 747 women underwent diagnostic
laparoscopy and in 511 women the tubal status was evaluated with both.
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Figure 1
Study profile

In 1626 of the HSGs (64%) a water-based contrast medium was used and in 359 of the HSGs
(14%) an oil-based contrast medium was used; in 569 (22%) it was unknown which medium
was used.
The findings at HSG and laparoscopy and occurrence of ongoing pregnancies are shown in
Tables 2 and 3. The data we collected allowed us to make a distinction between proximal and
distal occlusion/hydrosalpinx for laparoscopy. In the collected data for HSG, the only distinction
we were allowed to make, was between no occlusion, occlusion and impaired flow of contrast,
by which was meant the absence of flow of contrast beyond the isthmic portion of the fallopian
tube. No distinction could be made between proximal and distal occlusion.

Consecutive subfertile couples
N = 7,860

N = 3,301
• 2,043 HSG
• 747 laparoscopy
• 511 HSG and laparoscopy

Excluded
• N = 938 ovulation disorder 
• N = 636 TMC<1
• N = 196 previous IVF or fertility surgery
• N = 568 previous tubal testing
• N = 2,221 no tubal testing in fertility workup

Follow-up laparoscopy

Spontaneous pregnancy in 1 year N = 126 (10%)
• Ongoing pregnancy, singleton N = 111 (9%)
• Ongoing pregnancy, multiple N = 2 (0.2%)
• Miscarriage N = 9 (0.7%)
• Ectopic pregnancy N = 4 (0.3%)

No spontaneous pregnancy in 1 year N = 1,132 (90%)
• Treatment < 12 months N = 834 (66%)
• No conception in 12 months N = 210 (17%)
• Lost to follow-up N = 88 (7%)

Follow-up HSG

Spontaneous pregnancy in 1 year N = 454 (18%)
• Ongoing pregnancy, singleton N = 398 (16%)
• Ongoing pregnancy, multiple N = 7 (0.3%)
• Miscarriage N = 45 (2%)
• Ectopic pregnancy N= 4 (0.2%) 
No spontaneous pregnancy in 1 year N = 2,100 (82%)
• Treatment < 12 months N = 1,455 (57%)
• No conception in 12 months N = 459 (18%)
• Lost to follow-up  N = 186 ( 7%)
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Table 1
Baseline characteristics of 3305 couples at time of procedure

Of the women who had a HSG, 186 (7%) were lost to follow-up and of those who had a
laparoscopy 88 (7%) were lost to follow-up. A natural conception within 1 year occurred in 454
(18%) of the women after HSG, in 126 (10%) after laparoscopy and in 48 (9.4%) of those who
underwent both HSG and laparoscopy, which would correspond with cumulative treatment-
independent pregnancy rates of 33% after HSG and 23% after laparoscopy (Figure 2). The
number of patients who were still under study at 6 respectively 12 months was 800 and 240
after HSG. For laparoscopy these numbers were 243 and 81, respectively. In those with unilat-
eral tubal pathology, these numbers were 145 and 57 after HSG and 46 and 14 after
laparoscopy. For patients with bilateral tubal pathology the numbers remaining for analysis at
6 and 12 months were 68 and 20 after HSG in comparison with 74 and 24 after laparoscopy.

C H A P T E R  6
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HSG (n = 2554) Diagnostic laparoscopy (n = 1258)

Mean/Median* 5th-95th

percentiles
Mean/Median* 5th-95th

percentiles

Female age (years) 32.8 25.6-39.5 32.7 25.9-39.0

Male age (years) 35.4 28.0-45.0 35.1 27.6-44.8

Duration of subfertility (years) 1.8* 1.0-4.3 2.2* 1.2-5.0

Semen analysis – TMC (106) 57.6* 4.0-308 59.5* 4.8-274

Subfertility, primary (n) (%) 1568 61.4 806 64.1

Time to tubal test (months) † 3.0* 1.0-11.4 5.9* 1.4-16.8

TMC, total motile sperm count
* Value is the median
† time from first consultation to tubal testing



Table 2
Fertility outcome after HSG

Table 3
Fertility outcome after laparoscopy
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Findings at HSG Frequency (%) Number of ongoing 
pregnancies

FRR

Bilateral normal 2097 (82%) 350 1

Unilateral impaired flow of contrast * 84 (3%) 10 0.68 (0.36-1.3)

Unilateral occlusion 238 (9%) 38 0.89 (0.63-1.3)

Unilateral occlusion, contra-lateral
impaired flow of contrast*

25 (1%) 2 0.36 (0.09-1.5)

Bilateral impaired flow of contrast* 51 (2%) 2 0.19 (0.05-0.80)

Bilateral occlusion 59 (2%) 3 0.26 (0.08-0.80)

FFR, fecundity rate ratio
* Impaired flow meaning no flow of contrast beyond the isthmic portion of the tube.

Findings at laparoscopy Frequency (%) Number of ongoing
pregnancies

FRR

Bilateral normal 876 (70%) 90 1

Unilateral proximal occlusion 126 (10%) 12 0.58 (0.44-1.7)

Unilateral hydrosalpinx/distal occlu-
sion

25 (2%) 3 1.40 (0.43-4.5)

Unilateral proximal occlusion,
contralateral hydrosalpinx/distal
occlusion 

21 (2%) 3 1.83 (0.56-6.0)

Bilateral proximal occlusion 114 (9%) 3 0.19 (0.06-0.62)

Bilateral hydrosalpinx/distal occlusion 23 (2%) 1 0.34 (0.05-2.5)

Unilateral proximal occlusion/ hydros-
alpinx/distal occlusion, contra-lateral
adhesions

32 (3%) 1 0.58 (0.08-4.4)

Bilateral patent, unilateral adhesions 16 (1%) 0 0 (0-NE)

Bilateral patent, bilateral adhesions 25 (2%) 0 0 (0-NE)

FFR, fecundity rate ratio
NE, not estimable



In 511 patients both HSG and laparoscopy were performed. Tubal status detected at HSG
compared with tubal status detected at laparoscopy is shown in Table 4. HSG showed one-
sided tubal occlusion in 153 (30%) and two-sided tubal occlusion in 82 (16%) of these patients.
Laparoscopy showed one-sided tubal occlusion in 79 (15%) and two-sided tubal occlusion in
56 (11%) of these patients. In those patients where HSG showed one-sided occlusion,
laparoscopy revealed no occlusion in 60%, whereas if HSG showed two-sided occlusion,
laparoscopy revealed no occlusion in 44%. If laparoscopy showed one-sided occlusion, HSG
revealed no occlusion in 22% of these patients and if laparoscopy showed two-sided occlusion,
HSG showed no occlusion in 23% of cases.
After HSG, the presence of unilateral impaired flow and unilateral occlusion showed no signif-
icant difference in FRR (0.68 and 0.89, respectively, with wide and overlapping CIs). Similarly, a
small difference in FRR (0.19 and 0.26) between bilateral impaired flow and occlusion (which
included proximal and distal occlusion) was seen (Table 2). For this reason impaired flow of
contrast was considered as complete occlusion, because this did not prove tubal patency.

With laparoscopy, we found no differences in prognostic outcome for proximal occlusions iden-
tified at laparoscopy compared with distal occlusion / hydrosalpinx or hydrosalpinges. For
unilateral proximal occlusion the FRR was 0.58 and for distal unilateral occlusion 1.40, but both
showed wide and overlapping CIs. For bilateral proximal occlusion the FRR was 0.19 compared
with 0.34 in case of bilateral distal occlusion, with a wide and overlapping CI in the latter (Table
3). We therefore classified tubal pathology into three main categories, namely no tubal
pathology, unilateral tubal pathology and bilateral tubal pathology.

Using this classification, the results of the uni- and multivariable Cox regression analysis are
shown in Table 5. At HSG the prevalence of one-sided tubal pathology was 13% (322 women)
and of bilateral tubal pathology 5.3% (135 women). At laparoscopy the prevalence of one-sided
tubal pathology was 13% (167 women) and of bilateral tubal pathology 17% (215 women).

Table 4
Tubal status detected at HSG when compared with the tubal status detected at laparoscopy

Laparoscopy

Two-sided 
occlusion

One-sided 
occlusion

No occlusion

Two-sided occlusion 31 15 36 82

One-sided occlusion 12 47 94 153

No occlusion 13 17 246 276

Total 56 79 376 511

HSG
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Figure 2a
Cumulative ongoing pregnancy rate after
HSG
Results of the Kaplan-Meier analysis for
HSG. Black line represents bilateral normal
HSG. Light grey line represents one-sided
abnormal HSG. Dark grey line represents
women with a bilateral abnormal HSG.
Crosses indicate censored data.
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Figure 2b
Cumulative ongoing pregnancy rate after
DLS
Results of the Kaplan-Meier analysis for
laparoscopy (DLS). Black line represents
bilateral normal DLS. Light grey line repre-
sents one-sided abnormal DLS. Dark grey
line represents women with a bilateral ab-
normal DLS. Crosses indicate censored data.
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Bilateral tubal pathology at HSG or laparoscopy was associated with a lower probability of
treatment-independent pregnancy, with an adjusted FRR of 0.28 (95% CI: 0.13-0.59) for HSG
and 0.24 (95% CI: 0.11-0.54) for laparoscopy. Unilateral tubal pathology at HSG or laparoscopy
affected the probability of treatment-independent pregnancy slightly, with an adjusted FRR of
0.81 (95% CI: 0.59-1.11) for HSG and 0.85 (95% CI: 0.47-1.52) for laparoscopy. A comparable
reduction in the probability of treatment-independent pregnancy was seen for duration of
subfertility with a FRR of 0.90 (95% CI: 0.90-1.00) and 0.78 (95% CI: 0.64-0.95) for HSG and
laparoscopy respectively.

Kaplan-Meier analyses of the cumulative probability of spontaneous intrauterine pregnancy
up to 1 year are shown in figures 2a for HSG and 2b for laparoscopy. For HSG the cumulative
pregnancy rate after finding unilateral tubal pathology was slightly reduced, but after bilateral
tubal pathology the cumulative pregnancy rate was markedly reduced. Similar results were
seen for laparoscopy.
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Univariable analysis Multivariable analysis Multivariable analysis

HSG HSG

n (%) FRR 95% CI p-value FRR 95% CI p-value

No tubal pathology 2097 (82) 1 - - 1 - -

Unilateral tubal
pathology

322 (13) 0.83 0.61-1.13 0.25 0.81 0.59-1.11 0.19

Bilateral tubal
pathology

135 (5) 0.25 0.12-0.54 <0.001 0.28 0.13-0.59 0.001

Duration of subfer-
tility (years)

0.89 0.80-0.99 0.02 0.90 0.90-1.00 0.05

Female age (years)* 0.95 0.93-0.98 <0.001 0.95 0.93-0.97 < 0.001

Secondary subfer-
tility

1.41 1.15-1.72 <0.001 1.53 1.24-1.88 < 0.001

Laparoscopy Laparoscopy

n (%) FRR 95% CI p-value FRR 95% CI p-value

No tubal pathology 876 (70) 1 - - 1 - -

Unilateral tubal
pathology

167 (13) 0.90 0.51-1.61 0.73 0.85 0.47-1.52 0.58

Bilateral tubal
pathology

215 (17) 0.26 0.12-0.57 0.001 0.24 0.11-0.54 0.001

Duration of subfer-
tility (years)

0.80 0.66-0.97 0.03 0.78 0.64-0.95 0.02

Female age (years)* 1.02 0.97-1.08 0.37 1.01 0.96-1.07 0.59

Secondary subfer-
tility

1.66 1.13-2.46 0.01 1.78 1.19-2.66 0.005

* Per year older than 32

Table 5
Results of the uni- and multivariable Cox regression analysis

Discussion

In this study we compared findings at HSG and laparoscopy with fertility outcome in untreated
subfertile couples, from the time of tubal testing up to 1 year of follow-up. For HSG as well as
for laparoscopy, patients with two-sided tubal pathology had significantly worse fertility
prospects, whereas fertility prospects in those with one-sided tubal pathology were only moder-
ately worse than those without tubal pathology. Both imaging tests showed a comparable
reduction in FRRs for unilateral as well as for bilateral tubal pathology.

C H A P T E R  6
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Because proximal tubal pathology (occlusion as well as impaired flow) is more likely to be due
to artefacts, such as tubal spasm or ‘steal effect’ than distal tubal occlusion or hydrosalpinx,
we analysed whether there was a difference in FRR between proximal and distal tubal
pathology in the detection of natural pregnancy, but we were unable to detect such a differ-
ence. For this reason we classified the findings at HSG and laparoscopy into three main groups,
namely no tubal pathology, unilateral tubal pathology and bilateral tubal pathology to calculate
the FRRs.

The fertility rate ratios for two-sided tubal pathology are in accordance with results from our
previous small retrospective Dutch cohort study, which examined the prognostic value of HSG
for fertility outcome, as well as with data of the previous large prospective Canadian study (Mol
et al., 1997, 1999b). However, in the present study we found a lower FRR in case of bilateral
tubal pathology at HSG, compared with the Canadian cohort. This could be due to the lower
prevalence of bilateral tubal pathology at HSG (5% compared with 24% in the Canadian study),
whereas the prevalence of unilateral tubal pathology at HSG was comparable (13% versus 14%).
This might be explained by the fact that in the Canadian study only patients that underwent
both HSG and laparoscopy were analysed. Patients who had an abnormal HSG but had a natural
conception before a laparoscopy was performed were not part of the analysis. Since natural
conception indicates absence of significant tubal pathology, a selection of patients with a
higher prevalence of tubal pathology took place in this study. Although the present study
showed a similarly low FRR for bilateral tubal pathology at laparoscopy, the prognostic value
of unilateral tubal pathology identified at laparoscopy (FRR 0.85) differed markedly from that
in our previous two studies, which showed a FRR of 0.65 and 0.51, respectively (Mol et al., 1999,
Mol et al., 1999a,b). Both studies included only women from a tertiary patient population who
had a HSG followed by laparoscopy. Laparoscopy was usually performed shortly after an
abnormal HSG, whereas for women with a normal HSG the laparoscopy was withheld for a
longer time. In the present study, 15% of the patients underwent both HSG and laparoscopy.
The median time between the first visit of a couple and laparoscopy was 5.9 months compared
with a median time in the Canadian study between HSG and laparoscopy of 10 months in those
in whom HSG showed no abnormalities, and 8.5 months in those in whom HSG showed unilat-
eral tubal occlusion and 4.5 months in those in whom HSG showed bilateral tubal occlusion,
respectively.
In that study there were relatively few women in whom bilateral occlusion was found at
laparoscopy after a normal HSG or one-sided tubal occlusion at HSG (5%) (Mol et al., 1999b).
The longer delay between HSG and laparoscopy in the Canadian study resulted in a higher
proportion of patients with poor prognosis, which could have negatively influenced the FRR.
Selection bias may have influenced the outcome of these previous studies, overestimating the
detection rate of tubal pathology at laparoscopy in comparison to patients who only undergo
HSG or a laparoscopy without a previous HSG.
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Of notice is the lack of agreement between HSG and laparoscopy in those patients who under-
went both imaging tests. At laparoscopy bilateral tubal occlusion was diagnosed in 5% of the
patients where previously HSG showed no occlusion. However, in 60% of the patients where
HSG showed one-sided occlusion, and in 44% where HSG showed two-sided occlusion,
laparoscopy did not show any tubal occlusion. In 23% of the patients with two-sided occlusion
at laparoscopy, HSG showed tubal patency, emphasizing that laparoscopy cannot be considered
the gold standard for diagnosing tubal pathology (Mol et al., 1999b).
Our finding that the presence of tubal pathology at HSG and laparoscopy has a similar FRR is
of interest. Unilateral tubal pathology reduced the probability of a natural conception by 20%
and bilateral tubal pathology reduced pregnancy chances by 75%, whether diagnosed at HSG
or at laparoscopy. Although we were not able to directly compare the prognostic capacity of
both imaging tests, because only 15% of the included patients underwent HSG as well as
laparoscopy and as there were several months in between these tests, our findings suggest
that the prognostic capacity of HSG and that of laparoscopy do not differ much. This is in
contrast with previous studies, which concluded that laparoscopy is a better predictor of treat-
ment-independent pregnancy (Mol et al., 1999b).

The results of our study are in support of the recommendation of the fertility-guidelines of the
National Institute for Clinical Excellence to use HSG as test for tubal pathology in women who
are not known to have co-morbidities (NICE, 2004). Additional advantages of HSG are that a
normal HSG reduces the probability that tubal pathology plays a role in future fertility chances,
as we can see in this study, and which confirms the findings of previous studies (Swart et al.,
1995; Mol et al., 1999b; Den Hartog et al., 2008). If an oil-soluble contrast medium is used for
tubal flushing, this can have a positive effect on pregnancy rates (Luttjeboer et al., 2007). Using
HSG in women at low risk for tubal pathology limits the number of unnecessary laparoscopies
because the prevalence of tubal pathology after normal HSG is low (Bosteels et al., 2007; Den
Hartog et al., 2008). A randomized trial did not show an improved pregnancy outcome if diag-
nostic laparoscopy was routinely performed after normal HSG and before treatment with IUI
(Tanahatoe et al., 2005).

An important limitation of our study is that not in every patient HSG as well as laparoscopy
was performed. Patients at low risk for tubal pathology were offered HSG and those with co-
morbidities and considered to be at risk for tubal pathology, were offered laparoscopy. Further-
more, the interpretation of this study, like previous studies, is hampered by selection bias
caused by a difference in timing of the imaging tests. It is not clear to what extent these limi-
tations influence the outcome of our study. Correction for these requires a study in which
women are offered CAT, HSG and laparoscopy as part of their subfertility work-up. These tests
should preferably be performed on the same day, or with a minimal delay in between these
tests. To address the clinical consequences of mild tubal pathology, patients with mild tubal
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pathology should then be randomized to compare natural conception with IUI and IVF. Until
such a trial has been conducted, the recommendations regarding expectant management
versus treatment, in case of unilateral pathology, depends on several factors such as age of the
woman and duration of subfertility. In patients with unexplained subfertility, the prognostic
model by Hunault et al. (2004) following tubal testing is advised. The most important prog-
nostic factors are age of the woman, duration of subfertility and whether or not the couple
have ever had a pregnancy before consultation. If the chances for natural conception are above
30%, expectant management is generally recommended. Below 30% treatment is advised
(Steures et al., 2006).
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Abstract

Background
Guidelines are not in agreement on the most effective diagnostic scenario for tubal patency
testing. Therefore we evaluated the cost-effectiveness of invasive tubal testing in subfertile
couples compared with no testing and treatment.

Methods
We performed a cost-effectiveness analysis, using a decision analytic framework based on a
computer-simulated cohort of subfertile women. We evaluated six diagnostic and treatment
scenarios: [1] No tests and no treatment [2] Immediate treatment without tubal testing [3]
Delayed treatment without tubal testing [4] Hysterosalpingogragraphy (HSG), followed by
immediate or delayed treatment, according to diagnosis (tailored treatment) [5] HSG and a
diagnostic laparoscopy (DL) in case HSG does not prove tubal patency, followed by tailored
treatment [6] DL followed by tailored treatment. Main outcome was the expected cumulative
live births after three years. Secondary outcomes were costs per couple and the incremental
cost-effectiveness ratio.

Results
For a 30 year old woman, with otherwise unexplained subfertility for 12 months, three year
cumulative live birth rates were 51.8%,78.1%, 78.4%, 78.4%, 78.6% and 78.4% and costs per
couple were €0, € 6,968, € 5,063, € 5,410, € 5,405 and € 6,163 for scenario 1, 2, 3, 4, 5 and 6,
respectively. The incremental cost-effectiveness ratio compared with scenario 1 (reference
strategy), were € 26,541, € 19,046, € 20,372, € 20,150 and € 23,184 for scenario 2,3,4,5 and 6,
respectively. Sensitivity analysis showed the model to be robust over a wide range of values
for the variables.

Conclusions
The most cost-effective scenario is to perform no diagnostic tubal tests and to delay IVF treat-
ment for at least 12 months for women aged until 38 years and to perform no tubal tests and
start immediate IVF treatment from the age of 39 years. If an invasive diagnostic test is planned,
HSG followed by tailored treatment or a diagnostic laparoscopy in case HSG shows no tubal
patency, is more cost-effective than diagnostic laparoscopy.

C H A P T E R  7
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Introduction

In couples with subfertility, defined as one year of regular unprotected intercourse without
conception, guidelines recommend the instigation of basic diagnostic investigations for both
women and men (ASRM Practice Committee Reports, 2006; National Institute for Clinical Excel-
lence, 2004). In most guidelines the last step in this fertility work-up consists of assessment of
tubal patency.
The guidelines are not in agreement on the most effective diagnostic scenario for tubal patency
testing, i.e. there is no consensus on which test should initially be used, and there is no
consensus on the sequence of tests in the fertility work-up (ASRM Practice Committee Reports,
2006; Bosteels et al., 2007; den Hartog et al., 2008; Fatum et al., 2002; National Institute for
Clinical Excellence, 2004; Perquin et al., 2006). The reason for this is that all diagnostic tests for
the detection of tubal pathology have limitations. Like many diagnostic test studies, studies
on tubal patency tests are hampered by verification and review bias. Also, variations in demo-
graphic features, disease prevalence, observer and instrument variation, make interpretation
of the tests difficult (Lijmer et al., 1999; Whiting et al., 2004). Finally, the guidelines do not
consider costs or the combination of cost and effectiveness.

This is worrisome, because the decision whether to start treatment or not is highly dependent
on tubal patency. Subfertile women who are diagnosed with bilateral tubal occlusion are
usually advised IVF treatment, where women with patent tubes are advised to adhere to a
period of expectant management if they have a favourable prognosis to accomplish a natural
conception, or are advised to start with superovulation and insemination when the natural
conception chances are less favourable (Hunault et al., 2004;Steures et al., 2006).

In view of this lack of agreement the aim of our study was to compare cost and effectiveness
of different invasive diagnostic scenarios for the detection of tubal pathology. For this purpose
we developed a Markov analytic model (Briggs et al., 2006).

Materials and methods

We constructed a Markov decision tree for subfertile couples who finished their basic fertility
work-up except for tubal assessment. A Markov model is a more complicated decision model
used to analyze recurring events over time. It can be very useful for the evaluation of cost-effec-
tiveness analyses in reproductive medicine, because every month there is a new chance to
conceive. Markov models can be used to compute the costs per live birth and the incremental
cost-effectiveness ratio (ICER). The incremental cost-effectiveness ratio represents the extra
costs per live birth between two scenarios. These costs are calculated by dividing the differences
in costs by the differences in live births of two scenarios. Normal practice is to order strategies
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or scenarios from the least to the most effective. Dominated strategies are then eliminated
and the ICERS are then calculated for each strategy in comparison with its next best alterna-
tive.

Patient characteristics and diagnostic tests
Our base-case calculation was centred on a 30 year old women with a regular menstrual cycle,
who had finished the initial fertility work-up except for the assessment of tubal patency and
had a partner with a normal semen analysis. This initial work-up included a medical history,
physical examination, evaluation of the menstrual cycle and a semen analysis.
Thereafter a choice had to be made whether to offer a hysterosalpingogram (HSG) or a diag-
nostic laparoscopy (DL) to assess the tubal status of the woman, or not to offer a diagnostic
test. HSG and DL are both invasive tests. At HSG a contrast medium is slowly injected through
the cervical canal into the uterine cavity. By X-ray imaging the flow of contrast can be
followed and the uterine cavity and lumen of the Fallopian tubes can be visualized. For diag-
nostic laparoscopy two abdominal entrance-ports are required to introduce the laparoscope
and an instrument. A water-soluble dye is then injected into the uterine cavity and tubal
patency can subsequently be assessed through the laparoscope. Also, the pelvic cavity can
be inspected for presence of adhesions and endometriosis. HSG is typically performed in an
outpatient setting and can be painful. DL requires general anaesthesia, theatre time and
more personnel.

Diagnostic scenarios
Because there is a wide variation in clinical practice in the timing of tubal patency tests and in
the type of test that is preferred by the provider, we first analysed the implications of these
choices on pregnancy outcome and costs. To do so we defined six possible clinical scenarios
between which a clinician can choose (Figure 1). Although the scenario of expectant manage-
ment and no diagnostic test is not usually chosen, we used this scenario as the reference to
enhance potential differences between all scenarios. To assess the effect of patient character-
istics on these choices, we performed sensitivity analyses, which will be described later.

Scenario 1 was the reference scenario. In this scenario no tubal assessment was performed and
no treatment (i.c. IVF) was offered. Couples had a probability to conceive naturally for three
years.
Scenario 2 represented a scenario in which no diagnostic test for tubal pathology was
performed and all women received immediate treatment to a maximum of 3 IVF treatments.
In case no live birth was achieved, couples still had a probability to conceive naturally.
Scenario 3 was defined as a delayed treatment scenario. In this scenario no diagnostic test for
tubal pathology was offered. All women were subjected to expectant management for one
year. If no live birth was accomplished in this period of time, IVF treatment was started to a
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Figure 1
Overview of the model
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maximum of 3 cycles. After failed IVF treatment couples were still considered to have a prob-
ability to conceive naturally.
In scenario 4, all women received an HSG to assess their tubal status. According to diagnosis, a
treatment scenario of delayed or immediate treatment was followed (tailored treatment).
Delayed treatment consisted of one year of expectant management followed by a maximum
of three IVF treatments. Immediate treatment with a maximum of 3 IVF treatments was
followed by expectant management in case of IVF failure. Women with bilateral tubal
pathology on HSG received immediate treatment and women with unilateral tubal pathology
or no tubal pathology on HSG were subjected to the delayed treatment.
In Scenario 5 all women received a hysterosalpingogram and those women with bilateral tubal
pathology were subjected to a diagnostic laparoscopy. In this scenario laparoscopy followed
as soon as possible after the HSG. Depending on diagnosis tailored treatment was assigned.
Scenario 6 represented a scenario in which all women underwent a diagnostic laparoscopy and
tailored treatment was assigned according to diagnosis.
For all six scenarios, the costs of diagnostic tests, treatment and pregnancy probabilities were
calculated over a three year period after finishing the initial fertility work-up. Cycle length was
set at one month. We used a time frame of 3 years, because in couples with unexplained subfer-
tility natural conception chances within these 3 years are substantial (Pandian et al., 2005). The
outcome was defined as live birth of at least one child. Estimates for the base-case scenario
and ranges for sensitivity analyses are summarized in Table 1 and were derived from peer
reviewed literature, as referenced. Rates were converted to probabilities when needed.
The cost calculation was made according to the Dutch situation in the year 2009; hence costs
were adjusted according to the consumer price index (Statistics the Netherlands, 2011). We
assumed that in this period no significant cost changes in the treatment protocol occurred
except for inflation. The model was built from a health care perspective.

Details of computer simulation model

Tubal pathology
In the model we differentiated between women with bilateral or no bilateral tubal pathology
(including unilateral pathology). This distinction was made because women with bilateral tubal
pathology have a severe reduction in natural pregnancy chances in contrast to unilateral tubal
pathology (Mol et al., 1999; Verhoeve et al., 2011). DL was used as the reference test. Sensitivity
and specificity of HSG were used to predict the possibility of true positive and false positive
findings in women after HSG. The sensitivity and specificity of HSG and the prevalence of bilat-
eral tubal pathology in the subfertile population were extracted from an individual patient
data meta-analysis (Table 1) (Broeze et al., 2012). For the calculation of our main outcome we
assumed that the prevalence of bilateral tubal pathology was 12% (Broeze et al., 2012). We
also assumed that no complications occurred with either HSG or DL.
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Live Birth probabilities
We derived live birth probabilities for IVF from a prospective cohort study performed between
2002 and 2004 (Lintsen et al., 2007; Moolenaar et al., 2011). In our analysis we considered up
to three treatments because this is reimbursed by Dutch Healthcare services and is common
practice in Europe (Andersen et al., 2007). Live birth rates after natural conception were calcu-
lated with the Hunault prediction model which takes female age, primary or secondary subfer-
tility, duration of subfertility, percentage of motile sperm and referral by general practitioner
or gynaecologist into account (Hunault et al., 2004). The Hunault model calculates the live birth
rate after 1 year of expectant management for women without tubal pathology. We made the
following assumptions: women were subfertile for 1 year, were primary subfertile and their
partners had a normal semen analysis; women with bilateral tubal pathology were not able to
conceive naturally; and live birth probabilities declined with advancing age according to the
model of Hunault. Live birth rates per year were converted to live birth rates per month.

Costs
Costs per cycle were derived from the Dutch Umbrella study on fertility treatments and from
our institutional data (Merkus, 2006;The Dutch Healthcare Authority, 2009). All monetary units
were converted into the equivalent of 2009 using the consumer price index (Statistics the
Netherlands, 2011). We assumed that in this period no significant cost changes in the treat-
ment protocol occurred except for inflation (Table 1).

Outcomes
Cumulative live birth rates were determined for each scenario, as were the estimated costs.
Live birth rates were defined as ongoing pregnancies resulting in a live birth. There was no
distinction between singleton or multiple gestations. Using these values, we computed the
costs per live birth and the incremental cost-effectiveness ratio (ICER). The incremental cost-
effectiveness ratio represents the extra costs per live birth between two scenarios. These costs
are calculated by dividing the differences in costs by the differences in live birth rate of two
scenarios.

Sensitivity analysis
To address the uncertainty regarding our assumptions we carried out one-way and probabilistic
(Monte Carlo simulations) sensitivity analyses. In one-way sensitivity analysis we varied all vari-
ables independently. A threshold analysis was performed to determine if and when a variable
changed the threshold value. This represents the value of a variable above which another
scenario is preferred.
In our base case calculation no discounting was applied, since it would have little influence on
the outcome, as most costs were made within one year. In one-way and multi-way sensitivity
analysis we tested the effect of different discounting rates for costs and effects.
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In our model, live birth rates were adjusted over time, in our sensitivity analyses we assumed
that this was fixed during the period of the model, i.e. live birth rates of a 30 year women
declined with the same percentage as live birth rates of a 31 year old woman.

In our base case calculations no considerations were made about endometriosis. For that reason
we also tested the impact of finding minimal to mild endometriosis at diagnostic laparoscopy
and coagulating the lesions in the same session on live birth rates. To adjust the live birth rates,
we used an OR of 1.64 (CI 1.05-2.57) if women were treated for endometriosis (Jacobson et al.,
2010). The probability of finding minimal or mild endometriosis at DL was set at 30%
(Meuleman et al., 2009).

In probabilistic sensitivity analysis the uncertainty of each parameter is quantified in terms of
a probability distribution of this parameter. Using probabilistic sensitivity analysis, confidence
intervals of the outcome are computed. For this analysis distributions were fitted for all param-
eters in the model. We fitted beta-distributions for probabilities. If we were not able to set beta
distributions, normal distributions were fitted. The normal distributions were calculated
according to the confidence interval from the study or by the plausible range provided by expert
opinion (Briggs et al., 2006). For the probabilistic sensitivity analysis, 5000 iterations of 5000
women were performed. To visualize the probability of the optimal scenario based on the will-
ingness to pay (WTP), cost-effectiveness acceptability curves were computed. The willingness
to pay expresses the payers willingness to pay for the outcome of concern, i.e. in this study for
a live birth. In reproductive medicine the WTP for a live born is an important unknown, but in
health care questions the WTP is usually expressed as one extra quality of adjusted life year
gained. Because this is usually set by decision makers at € 80,000, we used this figure as set
point for a live birth (Council for Public Health, 2006). The ranges and values of all variables
used in the sensitivity analyses are shown in Table 1.
To address the effect of varying female age, the model was also applied to women aged 20 to
43 years old. We performed our analysis by using a computer-generated Markov model (Tree
Age Pro 2009, Tree Age Inc, Williamstown, MA, USA). No approval for this research was needed.
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Table 1
Base case assumption and used distributions
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Figure 2
Cost-effectiveness plane
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C H A P T E R  7

Results

For a 30 year old woman cumulative live birth after three years was 51.8% for scenario 1, 78.1%
for scenario 2, 78.4% for scenario 3, 78.4% for scenario 4, 78.6% for scenario 5 and 78.4% for
scenario 6. Costs per couple were € 0, € 6,968, € 5,063, € 5,410, € 5,405 and € 6,163 and costs
per live birth were € 0, € 8,927, € 6,459, € 6,904, € 6,874 and € 7,862, for scenario 1, 2, 3, 4, 5
and 6, respectively. The incremental cost-effectiveness (ICER), i.e. the extra cost per live birth
compared with scenario 1, i.e. no treatment and no diagnostic evaluation for tubal patency –
the reference scenario – were € 26,541, € 19,046, € 20,372, € 20,150 and € 23,184 for scenario
2, 3, 4, 5 and 6, respectively.

Under the baseline assumptions, the model favoured scenario 3. Scenario 5 was more expensive
but also more effective compared with scenario 3. The incremental cost-effectiveness for
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scenario 3 compared with scenario 1 was € 19,046, the ICER of scenario 5 compared with
scenario 3 was € 143,448. Scenario 6 was always dominated by the other scenario’s (Figure 2).

Sensitivity analyses
Univariable sensitivity analysis showed that varying the duration of expectant management
prior to the start of treatment was of little influence. Scenario 3 remained the most cost-effec-
tive, provided that expectant management was adhered to for at least 2 months. Also by
changing the costs of IVF, HSG or DL, no threshold could be found where a different scenario
became more cost-effective. Applying univariable sensitivity analysis for different discount
rates for costs, a threshold was found at a discount rate of 39.5%. Above this threshold imme-
diate treatment became the most cost-effective strategy (scenario 2) (meaning that if costs
would increase per year by 39.5% or more, immediate treatment would become more cost-
effective). If costs were discounted with 4% per year and effects with 1.5% per year, delayed
treatment remained the most cost-effective strategy with an ICER of € 19,279 (scenario 3).
In our model live birth rate declined per year, in our sensitivity analysis we assumed that the
live birth rate for the duration of the model was fixed. If IVF live birth rates would decline with
more than 69% per year, HSG and DL (scenario 5) became the most cost-effective scenario. In
case the probability to conceive naturally increased or decreased, our conclusions would not
change.
Women with bilateral tubal pathology at DL were assumed to have no natural conception
chances in our model. This is debatable since a prospective study found a fecundity rate ratio
(FRR) of 0.24 for women with bilateral tubal pathology at DL (Verhoeve et al., 2011). To evaluate
this effect we addressed this in a sensitivity analysis. We found that applying a FRR with a range
between 0 and 1, did not change our conclusions.
The impact of finding minimal or mild endometriosis at diagnostic laparoscopy and the positive
effect on the live birth rates if this was treated, did not affect our conclusions, since delayed
treatment (scenario 3) remained the most cost-effective strategy, although the ICER for
scenario’s 5 and 6 dropped to € 19,921 and € 20,574.
Other sensitivity analyses also did not alter the conclusions of the model, since threshold values
were not found within the set ranges.

Probabilistic sensitivity analysis
The results of the probabilistic sensitivity analysis remained stable for our model and did not
alter our baseline results (Table 2). The cost-effectiveness acceptability curve showed that if
the willingness to pay (expressing the payers willingness to pay for a live birth) was assumed
to be less than € 19,600, scenario 1 had the highest probability to be the most cost-effective
scenario. If the willingness to pay would rise above € 19,600 per extra live birth, scenario 3 had
the highest probability to be cost-effective.
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Table 2
Outcome of the probabilistic sensitivity analysis 

Scenario* Live Birth Cost per couple ICER 

Mean (95% CI) Mean (95% CI)  Mean (95% CI)

Scenario 1 

No diagnostics & no
treatment

0.508 (0.310-0.655) - Reference scenario

Scenario 2 

No diagnostics &
direct treatment

0.772 (0.602-0.886) € 6,972 
(€ 4,415-€ 9,742) 

€ 29,632 
(€ 12,445-€ 67,134) 

dominated

Scenario 3 

No diagnostics &
delayed treatment

0.775 (0.605-0.889) € 5,086 
(€ 3,125-€ 7,360)

€ 20,139 
(€ 9,744-€ 46,037) 

Scenario 4 

HSG & tailored
treatment

0.775 (0.604-0.888) € 5,431 
(€ 3,432-€ 7,728)

€ 24,150 
(€ 10,436-€ 48,549)

dominated

Scenario 5

HSG and DL for no
tubal patency at
HSG

0.778 (0.608-0.890) € 5,428 
(€ 3,455-€ 7,712)

€ 22,389 
(€ 10,612-€ 47,255) 

Scenario 6

DL & tailored treat-
ment

0.775 (0.606-0.889) € 6,187 
(€ 4,172-€ 8,459)

€ 23,150 
(€ 12,595-€ 54,005)

dominated

* All options referenced to a common baseline, scenario 1 

C H A P T E R  7

Female age
The incremental cost-effectiveness per additional live birth are presented in Figure 3. Up to the
woman’s age of 38 years the model favoured scenario 3 as the most cost-effective scenario.
From the age of 39 years scenario 2 provided the best value for money. The willingness to pay
would have to rise to a maximum of € 78,507 per additional live birth for a 43 year old woman
(scenario 2). Scenario 6 showed to be less cost-effective than scenarios 4 and 5 for all ages. At
the age of 30 extra costs per additional live birth are minimal between the scenarios, which is
caused by the minimal decline in birth rates if women become one year older. Since the increase
in cumulative birth rates flattens, due to aging of the woman, over a longer period of time the
differences in costs between the scenarios with advancing age increase.
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Prevalence of tubal disease
Until the age of 30, delayed treatment was the most cost-effective scenario, regardless of the
prevalence of tubal pathology. From the age of 40 immediate treatment became the most cost-
effective treatment, regardless of the prevalence. Between the age of 31 and 39 the prevalence
threshold at which immediate treatment became cost-effective declined gradually. For
example, if for a woman aged 31 the prevalence of tubal pathology rose above 95% (e.g. in
case the medical history revealed bilateral salpingectomy), immediate treatment became cost-
effective, whereas for a woman aged 39, immediate treatment became cost-effective if the
prevalence of tubal pathology rose above 10% (Figure 4).

Figure 3
Incremental cost effectiveness per age
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Discussion

Because of a lack of consistency on the reported accuracy and predictive capacity of tubal
patency tests, the clinical application of these tests varies widely between assisted conception
units. Because of ever increasing healthcare costs and limited resources, balanced decisions in
the ordering of diagnostic tests and the provision of effective treatment are becoming more
important to contain expenditure.
In this study we structured the evidence on clinical and economic outcomes with a decision
model technique to assess the cost-effectiveness of various scenarios for the evaluation of tubal
patency. This may help in the clinical decision process as to which tubal tests should be used in
the fertility work-up and when they should be used.
Our Markov model showed that the most cost-effective scenario is, to perform no diagnostic
tubal tests and delay treatment for women aged until 38 and perform no diagnostic tests and
start immediate treatment from the age of 39 years. The second best alternative was HSG
followed by DL if necessary (scenario 5) with an ICER of € 143,448. We assumed the willingness
to pay (WTP) for an extra live birth was € 80,000 (which is the accepted WTP for one extra

Figure 4 
Cost-effective strategy according to age and Prevelance
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quality of adjusted life year in cost-effectiveness analyses (Council for Public Health, 2006).
However, it is unknown what the payer (provider or couple) is prepared to pay for an extra live
birth. Scenario 5 could be the most cost-effective alternative if the WTP would amount to €
143,448 per extra live birth.
Until the age of 30 years and from the age of 40 the prevalence of bilateral tubal pathology
was of no influence on the outcome. In-Between, immediate treatment and no diagnostic tests
would be more cost-effective than delayed treatment if the prevalence of tubal pathology
would be above 95% at the age of 31 years with a gradual decline of this threshold value to
10% at the age of 39 years. Similarly, the outcome was not influenced by the presence and
treatment of minimal or mild endometriosis. If tubal tests would be performed, HSG and DL
for those women with bilateral tubal pathology at HSG, followed by tailored treatment, was
more cost-effective than diagnostic laparoscopy followed by tailored treatment. The scenarios
in which only HSG (scenario 4) or DL (scenario 6) were performed, were always less cost-effec-
tive than the scenarios in which an HSG was followed by DL (in case of abnormal findings at
HSG).
A strength of this study is that we used the prognostic model of Hunault for natural conception
in subfertile couples (Hunault et al., 2004). This model has been shown reliable through external
validation in a large subfertile population (van der Steeg et al., 2007). Also, we used the results
of a prospective study on the prediction of IVF and ICSI on pregnancy outcome in women with
an indication for this treatment in accordance with the national Dutch guidelines (Lintsen et
al., 2007). Another strength is that we used a recent individual patient data (IPD) meta-analysis
in which the information of the test characteristics of HSG was available (Broeze et al., 2012).
The outcome of the various strategies were therefore based on observational studies of
different, but comparable, populations. In the only other known study on the cost-effectiveness
of diagnostic tests for tubal patency, which concluded that both HSG and/or laparoscopy are
cost-effective in most couples, patient characteristics were not taken into account and the prog-
nostic profiles of the couples were not externally validated. Also, the population studied,
consisted of a tertiary hospital population only (Mol et al., 2001).
Some other issues also need to be addressed. First, we did not consider the Chlamydia Antibody
Test (CAT). Although CAT can be of help to differentiate between women who have a low or
high risk of tubal pathology, the test result is not conclusive whether tubal pathology is present
and does not provide additional anatomical information like HSG does. In our sensitivity
analysis we tested the effect of having a low or high probability of tubal pathology, reflected
by the prevalence. Another reason not to consider CAT as a separate scenario is because a recent
IPD-analysis showed that the combination of CAT and HSG is a better predictor of bilateral
tubal pathology than CAT (Broeze et al., 2012).
Second, we assumed that women underwent three consecutive IVF/ICSI treatment cycles
without delay in between cycles and we did not take into account frozen embryo transfers and
treatment dropouts. However, by making use of the results of a large cohort of women, treated
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in the Netherlands according to our national guideline for the indications of IVF/ICSI, the prog-
nostic values are representative for the clinical practice in our country (Lintsen et al., 2007).
Third, we did not take into account the extra costs that can be involved with multiple pregnan-
cies. We did not do so, because the current trend is to try to reduce multiple pregnancies by
applying elective single embryo transfers (eSET), depending on the quality of the embryo and
on female age. In the Netherlands this has resulted in a significant reduction of multiple preg-
nancies without a decline in pregnancy rate (Nederlandse Vereniging voor Obstetrie en Gynae-
cologie, 2011). The success rates of eSET are partly determined by more transfer procedures
(fresh and frozen). eSET thus incurs additional costs, because these cycles require monitoring
of the cycle. However, evidence exists that the costs of eSET are lower than those of double
embryo transfers (DET) in the short term because of an increase in multiple pregnancies in DET
(Scotland et al., 2011; Veleza et al.,2009). Research is ongoing pertaining the long term cost-
effectiveness involved with eSET versus DET (van Heesch et al., 2010).
Fourth, we used the healthcare costs that are paid for by the health insurances in the Nether-
lands. Rates are fixed and women are reimbursed. In countries or states where there are no
national health insurances, fees for consultation, diagnostic tests and fertility treatment might
differ and therefore influence the costs as presented in this study. Therefore we presented our
results in a disaggregated way so that individual decision makers can interpret the costs and
benefits from their particular viewpoints (Drummond and Jefferson, 1996). We assume that
relative differences between costs are similar and that therefore our conclusions are also appli-
cable to societies with private healthcare systems or when fertility tests and treatment have
to be funded privately.
Fifth, the guidelines in economic research recommend to use the most cost-effective alternative
intervention currently available as a comparator (Drummond and Jefferson, 1996). Since in the
detection of tubal pathology, the guidelines do not agree on a most cost-effective intervention,
we decided to use the ‘do-nothing’ scenario as a comparator. By doing so, we could demon-
strate the maximum gain to be obtained by testing for tubal pathology.
Sixth, we did not include intrauterine insemination (IUI) as treatment option but IVF instead.
A recent randomised trial showed that IVF following three cycles of superovulation with
Clomifene citrate, was more cost-effective than if IVF treatment was preceded by an additional
three cycles of IUI and superovulation with Gonadotrophins, for unexplained subfertility (Rein-
dollar et al., 2010). However a limitation of that study is that the mean and median duration
of unexplained subfertility was not provided and the prognostic profile of the included couples
cannot be extracted from the paper. This is important to interpret the effectiveness of IUI with
superovulation versus expectant management (Steures et al., 2006, Custers et al. 2012).
Because robust evidence of the effectiveness of IUI with superovulation in unexplained subfer-
tility and without causing multiple pregnancies is still lacking, we omitted this treatment option
in our scenarios (Battachyari et al. 2010 BMJ, Veltman-Verhulst et al., 2011).
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Our study showed that routine diagnostic tubal patency tests in the fertility work-up are not
cost-effective. However, apart from the information that tests supply for therapeutic decisions,
tubal tests may have additional effects on patients’ health apart from the consequences of
subsequent management decisions (Bossuyt and McCaffery, 2009; Lenhard et al., 2005). These
additional effects, such as knowing the cause of the subfertility, being reassured that tubes
are patent or anxiety provoked when the tests reveal bad news, were not considered in the
present analysis. Obviously, adding the value of such information to the present scenarios could
reduce the gap between the no-testing strategies and the strategies of tubal testing. In cost-
effectiveness studies, the payers willingness to pay will influence the outcome of concern which
in this study are live birth rates. Thus far this has not been addressed and should be the subject
of further research. Be that as it may, when there is a need for information on the tubal status
apart from management decisions, our analysis showed that a strategy based on HSG followed
by laparoscopy if HSG shows bilateral occlusion, is superior over laparoscopy alone.

In view of all our findings we suggest the following for tubal patency tests in the fertility work-
up, in women until 38 years and especially below the age of 30 years, expectant management
and no diagnostic test for at least 12 months is justified and will reduce the number of unnec-
essary invasive diagnostic tests, complications and costs. An HSG followed by laparoscopy, if
HSG shows bilateral occlusion, should be considered, if conception does not occur after expec-
tant management and if a couple prefers fertility treatment other than IVF. In women with
bilateral distal occlusion, HSG can be helpful to decide whether laparoscopic salpingostomy is
preferable above or before IVF, although randomised evidence for this is lacking. In women
from the age of 39 years and older, immediate treatment is the most cost-effective scenario.
It is not to be expected that every couple is prepared to start immediately with IVF treatment
or have the financial means to do so. The second best strategy is then to prove tubal patency
by HSG and if the tubes are found to be open, couples can be counselled to choose between
expectant management, intra uterine insemination or IVF, obviously taking the prognosis for
natural conception into account (Bossuyt and McCaffery, 2009; Hunault et al., 2004; Steures et
al., 2006). In some women sonographically visible bilateral hydrosalpinges are usually detected
before tubal testing. In these women direct laparoscopy is advised and can be combined at the
same time with salpingectomy, since it has been shown that this can increase IVF-outcome
prior to IVF treatment (Johnson et al., 2010). In some women, severe endometriosis may have
a negative impact on their tubal patency and natural pregnancy chances. This may be suspected
after the initial fertility work-up or discovered at DL. Laparoscopic surgery and additional post-
operative treatment may improve live birth rates in these women (Surrey et al., 2002), but often
warrants a second laparoscopic procedure, because extra theatre time or even a referral to a
specialised centre is required. Because of these logistic consequences and additional costs, our
conclusions are unlikely to change.
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In conclusion, the most cost-effective scenario is to perform no diagnostic tubal tests and delay
IVF treatment for at least 12 months for women aged until 38 years and to perform no tubal
tests and start immediate IVF treatment from the age of 39 years. If an invasive diagnostic test
is planned, HSG followed by tailored treatment or a diagnostic laparoscopy in case HSG shows
no tubal patency, is more cost-effective than diagnostic laparoscopy.
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Tubal pathology is a common cause for in- or subfertility. The prevalence depends on the popu-
lation studied and varies between primary, secondary and tertiary study populations (Evers,
2002).

Diagnostic tests for tubal patency are usually planned as last tests in the work-up for subfer-
tility. The reasons for postponement of these tests are several fold. They are invasive proce-
dures, uncomfortable to women, need to be planned and generate healthcare costs. Because
of their invasive nature, complications such as infection or injury to the genital or internal
organs can occur (Stumpf and March, 1980; Pittaway et al., 1983; Forsey et al., 1990; FW Jansen
et al., 1997). Also, a planned invasive test may have become unnecessary, because natural
conception has occurred after the first consultation of a couple but before the planned diag-
nostic test has been performed. However, early patency tests are warranted in women at high
risk for tubal pathology because in women with bilateral tubal pathology, natural conception
is severely reduced and undue delay in referral for surgery or IVF can be prevented (Mol et al.,
1999; Verhoeve et al. 2011). For this reason, early identification of women at high risk and those
at low risk for tubal pathology is of importance.

Our first aim in this thesis was therefore to identify and quantify which items from the medical
history are associated with an increased risk of tubal pathology in subfertile women. For this
we performed a systematic review and meta-analysis of the literature (Chapter 3). This meta-
analysis of 32 original studies showed that a history of PID, ectopic pregnancy and
endometriosis, complicated appendicitis and pelvic surgery, were strongly associated with the
presence of tubal pathology. A strong association between a history of sexually transmitted
disease and tubal pathology was found in two case-control studies but not in cohort studies.
When we pooled the case-control studies on a history of induced abortion we found a weak,
but significant, association with the risk of tubal pathology. A comparably significant associa-
tion was found in a large cohort study of our own hospital population (Chapter 4). In our meta-
analysis we were only able to perform univariable analyses and therefore could not correct for
the mutual dependence of individual risk indicators. The associations between items in the
medical history and risk of tubal pathology may for this reason be overestimated. We were,
however, able to perform a multivariable analyses in a large prospective cohort study of risk
indicators in the medical history of tubal pathology. In this cohort of subfertile couples,
collected from 38 clinics in the Netherlands, the prevalence of tubal pathology was 18%. This
study confirmed the relation of many of the before mentioned items in the medical history as
risk indicators for tubal pathology and in general showed comparibly strong associations
between the different items and tubal pathology (Chapter 5). In the analysis we also found
that some male characteristics were associated with the probability of tubal subfertility, such
as age, smoking habits as well as a pregnancy in a previous relationship. It is obvious that these
characteristics cannot causally be related to tubal damage. We therefore think that these
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factors act as indicators for some unrecorded variables, such as number of sexual partners,
socio-economic status or are a reflection of lifestyle or other unknown factors which we could
not extract from the available information.

Systematic reviews and conventional meta-analyses are established methods for generating
high-level evidence to support the development of clinical practice guidelines. They are used
to summarize the results of multiple primary studies, allowing a solid base for rational
balancing of clinical decisions. Although our meta-analysis was performed according to estab-
lished methodology (Bossuyt et al., 2003), it has limitations. We defined tubal pathology as any
abnormality disturbing the integrity of one or both tubes, even though it is known that only
women with bilateral tubal pathology have significantly reduced chances to conceive naturally
or after intra uterine insemination (Mol et al., 1999, Verhoeve et al., 2011). The original studies
we were able to use for the meta-analysis, varied in their definition of tubal pathology. Other
factors that influenced the outcome were: One, partial verification bias; not all patients received
an HSG as well as a laparoscopy. Two, publication bias; studies with negative or non-significant
outcome are less likely to be published. Three, differences in prevalence of disease; study popu-
lations varied from secondary to tertiary hospital populations. Four, study type; case-control
as well as cohort studies were included. Case-control studies tend to over-estimate the relation
between risk factors in the medical history and presence of tubal pathology. Controls are usually
women who have conceived naturally and have delivered live born children and although this
excludes significant bilateral tubal disease, this does not exclude presence of mild tubal
pathology or unilateral tubal pathology. Five, the reliability of the accuracy of the diagnostic
test that is used; it has become standard to use diagnostic laparoscopy as the reference test in
detecting and diagnosing tubal pathology. DL can, however, not be seen as the gold standard
diagnostic test for tubal pathology, as we will discuss later.

Our second aim was to develop a clinical decision rule based on medical history that can help
to identify women at high and low risk for tubal disease. For this purpose we developed two
decision models (Chapter 5). In the one model we used as definition presence of any possible
type of tubal pathology and in the second model we used the definition of presence of bilateral
tubal pathology. Within the observed proportions of affected women, the calculated probabil-
ities of the model for bilateral tubal pathology correlated better than that of the model for any
type of tubal pathology. These calculations were based on the collection of data in 38 centres
in the Netherlands, representing a mixed secondary and tertiary care population. The model is
easy to use in a clinical setting and because it was developed from a mixed population, seems
generalizable. However, confirmation of this will require external validation (Chapter 5).

Our third aim was to compare the predictive capacity of the most commonly used tubal tests,
i.e. HSG and DL with chromopertubation, on natural conception (Chapter 6). For this purpose
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we used the data collected from the same large cohort of subfertile women as in chapter 5.
This study showed a moderate (non-significant) reduction in the fecundity rate ratio (FRR) if
unilateral tubal pathology was seen and a severe (significant) reduction in the FRR if bilateral
tubal pathology was seen at HSG and/or DL. The reductions in FRRs for unilateral as well as
bilateral tubal pathology were similar between HSG and DL and suggest that HSG and DL have
a comparable predictive capacity on natural conception. The outcome on the FRRs confirmed
the findings of cohort studies dating from the ninety nineties, but in contrast to these, we could
not conclude that the predictive capacity of DL was better than that of HSG (Mol et al., 1997;
1999a; 1999b). The earlier cohort studies consisted of tertiary hospital populations. Two studies
were retrospective in design (Mol et al., 1997; 1999a) and one a prospective cohort study (Mol
et al., 1999b). In the prospective study, in which HSG and laparoscopy were compared, the
prevalence of bilateral tubal pathology was higher than in our cohort of a mixed population
and the time between HSG and laparoscopy was markedly shorter in our study (Mol et al.,
1999b). The longer delay between HSG and DL may have resulted in a selection bias of a cohort
of women with a poorer fertility prognosis than that of ours, because, according to the prog-
nostic model of Hunault (Hunault et al., 2004), duration of subfertility is one of the most impor-
tant prognostic factors. We therefore think that our findings are more reliable. We also noticed
a lack of agreement between HSG and laparoscopy in those women that underwent both tests,
which confirmed the findings of a previous study and support the notion that laparoscopy
cannot be considered the gold standard for diagnosing tubal pathology (Mol et al., 1999b).

Our fourth aim was to analyse the cost-effectiveness of different diagnostic strategies for tubal
pathology, taking patient characteristics as obtained from the medical history, into account.
For this purpose we developed a Markov analytic model and defined six different scenarios for
women of 30 to 33 years of age (Chapter 7). Our Markov model showed that the most cost-
effective scenario is, to perform no diagnostic tubal tests and delay treatment for women aged
until 38. Until the age of 30 years and from the age of 40 the prevalence of bilateral tubal
pathology was of no influence on the outcome. The threshold value for the prevalence of bilat-
eral tubal disease at which direct treatment (i.e. IVF) became more cost-effective than delayed
treatment, declined gradually from 95% at the age of 31 to 10% at the age of 39, meaning that
even in the younger woman at very high risk of tubal pathology, it is not cost-effective to plan
a diagnostic tubal patency test early in the fertility work-up, The outcome was not influenced
by the presence and treatment of minimal or mild endometriosis, which implies that there is
no reason to prefer diagnostic laparoscopy (the gold standard test to diagnose presence of
endometriosis) above HSG solely for the reason not to miss out on presence of endometriosis.
If tubal tests would be performed, HSG and DL for those women with bilateral tubal pathology
at HSG, followed by tailored treatment (i.e. expectant management in case of no- or unilateral
tubal pathology and IVF treatment in case of bilateral tubal pathology), was more cost-effective
than diagnostic laparoscopy followed by tailored treatment. The scenarios of only HSG or DL
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were always less cost-effective than the scenarios in which an HSG was followed by DL (in case
of abnormal findings at HSG).

We did not consider the Chlamydia Antibody Test (CAT) as a separate scenario. Although CAT
can be of help to differentiate between women who are at low or high risk of tubal pathology,
the test result is not conclusive whether tubal pathology is present and does not provide addi-
tional anatomical information like HSG does. Another reason not to consider CAT as a separate
scenario is that a recent Individual Patient Data (IPD)-analysis showed that the combination of
CAT and HSG is a better predictor of bilateral tubal pathology than CAT (Broeze et al., 2012).

Summarizing our conclusions we found that items from the medical history are related to pres-
ence of tubal pathology and that these can be quantified and used in a prediction model to
identify women at high risk for tubal pathology. Unilateral pathology at HSG and/or DL reduces
natural conception chances moderately, whereas bilateral tubal pathology reduces these
chances severely. HSG and laparoscopy showed a comparable predictive capacity for natural
conception, but neither of these tests can be considered the perfect reference test for the
assessment of tubal patency. Routine diagnostic tubal patency tests early in the fertility work-
up are not cost-effective. Our analysis also showed that when there is a need for information
on the tubal status, a strategy based on HSG followed by laparoscopy, if HSG shows bilateral
tubal pathology, is superior over laparoscopy alone.

It is humbling to notice that since the introduction of diagnostic tubal tests, a century ago, we
still have to conclude that most studies show methodological shortcomings in their design and
are for this reason a cause for debate and practice variation. Studies in non-selected subfertile
women comparing HSG with diagnostic laparoscopy, taking place on the same day or with a
minimal delay between these tests, nor sufficiently powered randomized clinical trials
comparing two strategies for tubal testing have ever been performed. This would have taken
away many of the methodological problems. It is, however, not likely that studies that perform
multiple tests in a short time frame will be performed and we therefore restricted ourselves to
the available knowledge and evidence that has been gathered over the past decades. To our
knowledge, only two randomised trials that addressed the routine use of HSG and diagnostic
laparoscopy in the fertility work-up have been published (Tanahatoe et al., 2005, Perquin et al.,
2006). In the first trial, routine diagnostic laparoscopy after a normal HSG and before the start
of intra uterine insemination (IUI) was compared with diagnostic laparoscopy after a normal
HSG and following six unsuccessful IUI treatment cycles. This trial did not show an improved
pregnancy outcome if DL was routinely performed after a normal HSG (Tanahatoe et al., 2005).
In the second trial, women were randomised between routine HSG followed by DL or immediate
DL. A laparoscopy followed within 1-2 months in case of abnormal HSG findings and after 6
months in case of normal HSG but no pregnancy within 6 months. Routine use of HSG at an
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early stage in the fertility work-up, prior to laparoscopy and dye, did not result in a different
cumulative pregnancy rate compared with the routine use of laparoscopy and dye without
HSG. The conclusion of the authors was that HSG can be omitted from routine use (Perquin et
al., 2006). This statement was criticized in a letter by our group, because randomised compar-
isons of diagnostic strategies can only assess clinical benefits from the use of a test if the test
result is followed by explicit treatment protocols. The design and sample size of the study felt
short to make this comparison (Bossuyt et al., 2000; Coppus et al., 2006). The authors rebutted
this by mentioning that their trial was an effectiveness trial and not an efficacy trial (Helmer-
horst et al., 2006). Our conclusion from this study is, that in those women who received routine
HSG, there was a reduction of 30% in diagnostic laparoscopies (56% in the routine HSG group
compared with 86% in the routine laparoscopy group) without a reduction in the pregnancy
rate. Unnecessary laparoscopies can thus be avoided in a substantial number of subfertile
women by choosing a strategy of HSG first, followed by diagnostic laparoscopy in case HSG
shows tubal abnormalities. This is in line with the findings in this thesis, that if tubal tests are
warranted, use of HSG followed by diagnostic laparoscopy in case of tubal abnormalities is
more cost-effective than immediate laparoscopy (chapter 7).

Implications for future research

In this thesis we have come to the conclusion that performance of routine tubal tests are not
cost-effective and that HSG is preferred above diagnostic laparoscopy and dye when informa-
tion on tubal status is required. The need for information may be important for women who
want to be reassured that the tubes are patent, especially if they have a preference for expec-
tant management or IUI in case of poor prognosis or show reluctance towards IVF treatment.
A preference study about tubal patency tests in subfertile women is required to address this.
We developed a model based on the medical history, to decipher women at high risk of tubal
pathology from those at low risk of tubal pathology. Although this model showed good cali-
bration in the population that we studied, external validation is still required.

Another potential study would be an adequately powered randomised comparison of HSG and
DL, or a less invasive alternative for DL, for example transvaginal hydrolaparoscopy (THL). THL
has the advantage that it can be performed in an outpatient setting without general anaes-
thesia. Our group is preparing a randomised comparison of HSG and THL in 1300 patients.

What has not been addressed in our discussion thus far, is the possibility of a therapeutic effect
of oil based contrast media (OBCM) which can be used at HSG. In the literature there is a sugges-
tion that if an OBCM is used instead of a water based contrast medium (WBCM), this may result
in more natural conceptions in women with unexplained subfertility and at low risk for tubal
pathology (Johnson et al., 2010). If this is the case, routine HSG in all subfertile women at low
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risk for tubal pathology may be advised. At present a randomised multicentre trial, comparing
the use of OBCM and WBCM at HSG in women at low risk of tubal pathology, is being conducted
(H2Oil study, NTR3270).

Another issue that should be addressed in future research is what the implications of unilateral
tubal pathology are. We found a 20% reduction in natural conception chances if this was
present at HSG or diagnostic laparoscopy. Although this reduction was not statistically signif-
icant, the clinical consequences of these findings are best addressed by randomised comparison
between IUI and IVF in these women, if they have a prognosis for natural conception below
30% according to the Hunault prediction model (Hunault et al., 2004).

We have commented on the limitations of the available evidence. For some of these limitations,
Individual Patient Data (IPD) analyses may provide the necessary corrections (Broeze et al.,
2009). This will be dealt with in a separate thesis (Broeze KM). In the epilogue we will take the
results of the IPD-analyses and other studies into account to come to a framework for an
evidence based guideline.
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Summary

Chapter 1
Tubal pathology is a common cause for subfertility. This chapter gives an overview of tubal
patency tests from a historic perspective and gives an outline and description of the objectives
of this thesis.

Chapter 2 
The aim of the fertility work-up is to exclude recognized causes of infertility and to distinguish
those couples who have good natural pregnancy prospects from those who have poor
prospects. Information gathered by medical history, clinical findings and the results of the diag-
nostic tests should help the clinician in counselling subfertile couples. This chapter covers the
most commonly used diagnostic tests in the fertility work-up and their utility in clinical practice
is discussed. 

Chapter 3
Guidelines recommend diagnostic laparoscopy in subfertile women with known co-morbidities
in their medical history. Aggregated evidence underpinning these recommendations is,
however, currently lacking. The objective of this study was to perform a systematic review and
meta-analysis of the available evidence on the association between items reported during
medical history taking and tuboperitoneal pathology. To do this we searched through MEDLINE
(from 1966 to May 2007), EMBASE (from 1960 to January 2007) and used bibliographies of
retrieved primary articles of all relevant studies that compared medical history with the pres-
ence or absence of tubal pathology. A diagnosis of tubal pathology had to be made by hysteros-
alpingography, laparoscopy or a combination of both. In the absence of invasive tubal testing,
tuboperitoneal pathology was considered to be absent in case of intrauterine pregnancy.
Homogeneity between studies was assessed, and the association between medical history and
tubal pathology was expressed as a common odds ratio with a 95% CI. We included 32 studies.
In cohort studies, strong associations were found for a history of complicated appendicitis (OR
7.2, 95% CI 2.2-22.8), pelvic surgery (OR 3.6, 95% CI 1.4-9.0) and pelvic inflammatory disease
(PID) (OR 3.2, 95% CI 1.6-6.6), and in case-control studies, for a history of complicated appen-
dicitis (OR 3.3, 95% CI 1.8-6.3), PID (OR 5.5, 95% CI 2.7-11.0), ectopic pregnancy (OR 16.0, 95%
CI 12.5-20.4), endometriosis (OR 5.9, 95% CI 3.2-10.8) and sexually transmitted disease (OR
11.9, 95% CI 4.3-33.3).
Subfertile women reporting a history of PID, complicated appendicitis, pelvic surgery, ectopic
pregnancy and endometriosis are at increased risk of having tuboperitoneal pathology. 
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Chapter 4
In chapter 3 we performed a systematic review and meta-analysis of items in the medical
history and their association with tubal pathology. For a history of induced abortion three case-
control studies could be identified. Meta-analysis of these studies showed an increased risk of
tubal pathology if the history revealed an induced abortion (OR 1.7, 95% CI: 1.3-2.1). Because
case-control studies possibly overestimate such a relation, we evaluated this in a large cohort
from our own hospital. For each couple, we registered the reproductive history. Tubal disease
was diagnosed by hysterosalpingography and/or diagnostic laparoscopy. We assessed the asso-
ciation between reproductive history and the presence of tubal disease, by calculating odds-
ratios (OR) and 95% confidence intervals. Data from 6,149 couples were available for analysis.
The OR for tubal pathology after a previous induced abortion was 1.6 (95% CI: 1.3 to 1.9), after
a previous ectopic pregnancy 8.4 (95% CI : 6.3 to 12), after a previous miscarriage 1.1 (95% CI:
0.87 to1.3), and after a previous live birth 1.0 (95% CI: 0.88 to 1.2). 
A history of induced abortion is associated with an increased risk of tubal pathology in subfertile
couples. 

Chapter 5
The aim of tubal testing is to identify women with bilateral tubal pathology in a timely manner,
so they can be treated with IVF or tubal surgery. In this study we presented two models which
were developed to identify women in whom early tubal testing may be indicated, and in whom
it may be deferred. Data of 3716 women who underwent tubal patency testing as part of their
routine fertility work-up were used to relate elements in their medical history to the presence
of tubal pathology. With multivariable logistic regression, we constructed two diagnostic
models. One in which tubal disease was defined as occlusion and/or severe adhesions of at
least one tube, whereas in a second model, tubal disease was defined as the presence of bilat-
eral abnormalities. Both models discriminated moderately well between women with and
women without tubal disease with an area under the receiver-operating characteristic curve
(AUC) of 0.65 (95% CI: 0.63-0.68) for any tubal pathology and 0.68 (95% CI: 0.65-0.71) for bilat-
eral tubal pathology, respectively. However, the models could make an almost perfect distinc-
tion between women with a high and a low probability of tubal pathology. A decision rule in
the form of a simple diagnostic score chart was developed for application of the models in clin-
ical practice. 

This study provides two easy to use decision rules that can accurately express the women’s
probability of (severe) tubal pathology at the couple’s first consultation. They could be used to
select women for tubal testing more efficiently. However, external validation of these models
is still required.
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Chapter 6
Laparoscopy has been claimed to be superior to hysterosalpingography (HSG) in predicting
fertility. Whether this conclusion is applicable to a general subfertile population can be ques-
tioned as data in support of this claim were collected in third line centres. The aim of this study
was to assess the prognostic capacity of HSG and laparoscopy in a general subfertile population. 

In 38 centres, we prospectively studied a cohort of patients referred for subfertility between
2002 and 2004, who underwent HSG and/or laparoscopy as part of their subfertility work-up.
Follow-up started immediately after tubal testing and ended 12 months thereafter. Time to
pregnancy was censored at the date of last contact, when the woman was not pregnant or at
the start of treatment. Kaplan-Meier curves for the occurrence of spontaneous intra-uterine
pregnancy were constructed for patients without tubal pathology, those with unilateral tubal
pathology and patients with bilateral tubal pathology at HSG and laparoscopy. Multivariable
Cox regression analysis was used to calculate fecundity rate ratios (FRRs) to express associations
between tubal pathology and the occurrence of an intra-uterine pregnancy. Of the 3,301
included patients, 2,043 underwent HSG, 747 underwent diagnostic laparoscopy and 511
underwent both. At HSG, 322 (14%) patients showed unilateral tubal pathology and 135 (5%)
showed bilateral tubal pathology. At laparoscopy 167 (13%) showed unilateral tubal pathology
and 215 (17%) showed bilateral tubal pathology. Multivariable analysis resulted in FRRs of 0.81
(95% confidence intervals (CI): 0.59-1.1) for unilateral- and 0.28 (95% CI: 0.13-0.59) for bilateral
tubal pathology at HSG. The FRRs at laparoscopy were 0.85 (95% CI: 0.47-1.52) for unilateral-
and 0.24 (95% CI: 0.11-0.54) for bilateral tubal pathology.

Patients with unilateral tubal pathology at HSG and laparoscopy had a moderate reduction in
pregnancy chances whereas those with bilateral tubal pathology at HSG and laparoscopy had
a severe reduction in pregnancy chances. This reduction was similar for HSG and laparoscopy,
suggesting that HSG and laparoscopy have a comparable predictive capacity on natural concep-
tion.

Chapter 7
Guidelines are not in agreement on the most effective diagnostic scenario for tubal patency
testing, i.e. there is no consensus on which test should initially be used, and there is no
consensus on the sequence of tests in the fertility work-up. Therefore we evaluated the cost-
effectiveness of invasive tubal testing in subfertile couples. We performed a cost-effectiveness
analysis, using a decision analytic framework based on a computer-simulated cohort of subfer-
tile women. We evaluated six diagnostic and treatment scenarios: [1] No tests or treatment
[2] Direct treatment without tubal testing [3] Delayed treatment without tubal testing [4]
Hysterosalpingogram (HSG), followed by direct or delayed treatment, according to diagnosis
(tailored treatment) [5] HSG and a diagnostic laparoscopy (DL) in case HSG does not prove tubal
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patency, followed by tailored treatment [6] DL followed by tailored treatment. Main outcome
was expected cumulative live birth after three years. Secondary outcomes were cost per couple
and the incremental cost-effectiveness ratio. For a 30 year old woman, with otherwise unex-
plained subfertility for 12 months, three year cumulative live birth rates were 51.8%, 78.1%,
78.4%, 78.4%, 78.6% and 78.4% and cost per couple were € 0, € 6,968, € 5,063, € 5,410, € 5,405
and € 6,163 for scenario 1, 2, 3, 4, 5 and 6, respectively. The incremental cost-effectiveness ratio
compared with scenario 1 (reference strategy), were € 26,541, € 19,046, € 20,372, € 20,150 and
€ 23,184 for scenario 2,3,4,5 and 6, respectively. Sensitivity analysis showed the model to be
robust over a wide range of values for the variables.

Invasive diagnostic tubal tests in the fertility work-up are not cost-effective. If an invasive diag-
nostic test is planned, HSG followed by tailored treatment or HSG and a DL in case HSG does
not prove tubal patency, are the most cost-effective scenarios

Chapter 8
In this chapter the findings of this thesis are discussed, clinical implications are given and future
research recommendations are made.

Chapter 10
Provides an epilogue in which the results of three different theses on tubal pathology from our
study group are integrated.
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Samenvatting

Hoofdstuk 1
Tubapathologie is een frequente oorzaak voor subfertiliteit. In dit hoofdstuk wordt een over-
zicht van de verschillende diagnostische tubatesten gegeven vanuit een historisch perspectief
en geeft een beschrijving van de achtergrond en doelstellingen van dit proefschrift.

Hoofdstuk 2
Het doel van de fertiliteitonderzoek is het uitsluiten van bekende oorzaken voor infertiliteit en
het onderscheiden van paren met een goede prognose voor natuurlijke conceptie, van paren
die een slechte prognose voor een natuurlijke conceptie hebben. De informatie die wordt
verkregen door middel van de anamnese, de klinische bevindingen en de resultaten van de
diagnostische testen, hebben tot doel de clinicus te helpen bij de counseling van subfertiele
paren. Dit hoofdstuk beschrijft de meest gebruikte diagnostische testen bij het fertiliteitson-
derzoek en bediscussieert de toepasbaarheid hiervan in de klinische praktijk.

Hoofdstuk 3
Richtlijnen bevelen een diagnostische laparoscopie met tubatesten aan bij vrouwen die bekend
zijn met co-morbiditeit zoals o.a. een voorgeschiedenis van pelvic inflammatory disease (PID),
geslachtsziekten, operaties in het kleine bekken, appendicitis en endometriosis. Een goede
onderbouwing voor deze aanbeveling, aangetoond door grondig uitgevoerd onderzoek
ontbreekt echter. Het doel van de studie zoals beschreven in dit hoofdstuk, was om door middel
van een systematisch overzicht en meta-analyse van de beschikbare studies een associatie
tussen gerapporteerde onderdelen van de anamnese en klinisch onderzoek en de aanwezigheid
van tuboperitoneale pathologie te onderzoeken. Hiervoor werd met behulp van zoektermen
gezocht in MEDLINE (van mei 1966 tot mei 2007) en EMBASE (van 1960 tot januari 2007) naar
relevante artikelen, waarin aspecten uit de anamnese en de aan- of afwezigheid van tubapa-
thologie werden vergeleken. Eveneens werden aanvullende studies uit de bibliografieën van
de primair relevante artikelen gelezen en beoordeeld op bruikbaarheid. De diagnose tubapa-
thologie diende gesteld te zijn door middel van hysterosalpingografie, laparoscopie of een
combinatie van beiden. Als geen invasieve diagnostische tubatest werd gerapporteerd, werd
afwezigheid van tubapathologie verondersteld in die gevallen waar sprake was van een intra-
uteriene zwangerschap. Homogeniteit tussen de studies werd beoordeeld en de associatie
tussen anamnese en tubapathologie werden weergegeven als een samengestelde Odds Ratio
(OR) met 95% betrouwbaarheids intervallen (BI). Wij includeerden 32 studies. In cohort onder-
zoeken werden sterke associaties gevonden voor een voorgeschiedenis van gecompliceerde
appendicitis (OR 7.2, 95% BI: 2.2-22.8), bekken chirurgie (OR 3.6%, 95% BI 1.4-9.0) en pelvic
inflammatory disease (PID) (OR 3.2, 95% BI: 1.6-6.6), en in de case-controle studies, voor een
voorgeschiedenis van gecompliceerde appendicitis (OR 3.3, 95% BI 1.8-6.3), PID (OR 5.5, 95%
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BI: 2.7-11.0), extra-uterine zwangerschappen (OR 16.0, 95% BI: 12.5-20.4), endometriosis (OR
5.9, 95% BI: 3.2-10.8) en Sexueel Overdraagbare Aandoeningen (OR 11.9, 95% BI: 4.3-33.3).
Subfertiele vrouwen die in de anamnese een voorgeschiedenis vermelden van PID, gecompli-
ceerde appendicitis, bekken chirurgie, extra-uteriene zwangerschap en endometriose, hebben
een verhoogd risico op de aanwezigheid van tubapathologie.

Hoofdstuk 4
In hoofdstuk 3 wordt een systematisch overzicht en meta-analyse gepresenteerd van aspecten
in de anamnese en hun relatie met de aanwezigheid van tubapathologie. In die studie werden
drie case-control studies gevonden die betrekking hadden op een voorgeschiedenis van het
afbreken van een zwangerschap. De meta-analyse van deze drie studies toonden een verhoogd
risico op de aanwezigheid van tubapathologie als in de anamnese het afbreken van een zwan-
gerschap werd vermeld (OR 1.7,95% BI: 1.3-2.1). Omdat case-control studies een dergelijke
relatie mogelijk overschatten, werd een cohort studie uitgevoerd in een grote groep vrouwen
van het OLVG die vanwege subfertiliteit werden geëvalueerd. Van ieder paar dat het fertiliteit-
onderzoek onderging werd de anamnese geregistreerd. Aanwezigheid van tubapathologie
werd gediagnosticeerd door middel van hysterosalpingografie en / of diagnostische laparos-
copie. De associatie tussen reproduktieve voorgeschiedenis en aanwezigheid van tubapatho-
logie werd beoordeeld door het berekenen van Odds Ratio’s (OR) met 95% betrouwheids inter-
vallen (BI). Data van 6149 paren waren beschikbaar voor analyse. De OR voor aanwezigheid
van tubapathologie in het geval van een doorgemaakte zwangerschapsafbreking was 1.6 (95%
BI 1.3-1.9), na een eerdere extra-uteriene graviditeit 8.4 (95% BI 6.3-12), na een miskraam 1.1
(95% BI 0.87-1.3) en na een eerder levend geboren kind 1.0 (95% BI 0.88-1.2). Deze cohort studie
laat zien dat een medische voorgeschiedenis van een zwangerschapsafbreking is geassocieerd
met een verhoogd risico op tubapathologie in subfertile vrouwen.

Hoofdstuk 5
Het doel van tubadiagnostiek is om vrouwen met dubbelzijdige tubapathologie – en als conse-
quentie hiervan een vrijwel uitzichtloze kans op natuurlijke conceptie- vroegtijdig te identifi-
ceren, zodat zij met IVF of tubachirurgie behandeld kunnen worden. In dit hoofdstuk worden
twee modellen gepresenteerd die zijn ontwikkeld om vrouwen te identificeren die baat hebben
bij vroege tubadiagnostiek of die baat hebben bij het uitstellen van tubadiagnostiek. Hiervoor
werden de gegevens van 3716 vrouwen, die een tubatest ondergingen binnen een nationaal
cohort onderzoek naar de waarden van testen uit het oriënterend fertiliteitonderzoek, gebruikt.
Elementen uit de anamnese werden gerelateerd aan tubapathologie. Met behulp van multi-
variabele logistische regressie analyses, werden twee diagnostische modellen geconstrueerd.
In het eerste model werd tubapathologie gedefinieerd als occlusie en/of ernstige adhesies van
tenminste één tuba, terwijl in het tweede model tubapathologie werd gedefinieerd als bilate-
rale afwijkingen. Beide modellen konden matig goed vrouwen met, en vrouwen zonder tuba-
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pathologie onderscheiden, met een Area Under the receiver-operating characteristic curve
(AUC) van 0.65 (95% BI: 0.63-0.68) voor elke vorm van tubapathologie en 0.68 (95% BI: 0.65-
0.71) voor bilaterale tubapathologie. De modellen konden echter bijna perfect de vrouwen met
een heel hoge kans op afwijkingen onderscheiden van de vrouwen met een lage kans op afwij-
kingen. Een voor de klinische praktijk eenvoudig te gebruiken score kaart werd ontwikkeld.
Enkele rekenvoorbeelden laten zien dat een meer mathematisch gebruik van de anamnese zou
kunnen leiden tot een efficiëntere inzet van diagnostische laparoscopie. Externe validatie van
de modellen is echter nog wel noodzakelijk.

Hoofdstuk 6
Van laparoscopie wordt beweerd dat de test uitkomst een betere voorspeller van fertiliteit is dan
dat van hysterosalpingografie (HSG). Of deze bewering generaliseerbaar zijn voor een doorsnee
subfertiele populatie is de vraag, omdat de data die deze bewering onderbouwen, gebaseerd
zijn op gegevens uit de derde lijn. In dit hoofdstuk wordt de prognostische waarde van hystero-
salpingografie en laparoscopie voor het optreden van een natuurlijke zwangerschap in een door-
snee subfertiele populatie beschreven. Uit de gegevens die prospectief verzameld waren in 38
fertiliteitcentra, werden vrouwen geselecteerd die als onderdeel van het fertiliteitonderzoek een
HSG danwel een laparoscopie ondergingen. Vrouwen werden tot 12 maanden na het moment
van tubadiagnostiek gevolgd. De follow-up gegevens werden gecensureerd op het moment van
het laatste patiëntencontact, indien een vrouw niet zwanger werd binnen de follow-up periode,
of op het moment dat een fertiliteitbehandeling werd gestart. Kaplan-Meier curves werden
gemaakt voor vrouwen zonder afwijkingen, voor vrouwen met enkelzijdige tubapathologie en
voor vrouwen met dubbelzijdige tubapathologie bij het HSG of de laparoscopie. Met behulp van
multivariabele Cox regressie analyse werd de associatie tussen tubapathologie en het optreden
van een zwangerschap gemodelleerd en uitgedrukt in Fertiliteit Ratio’s (FRs). In totaal konden
3301 vrouwen worden geïncludeerd. Hiervan ondergingen 2043 vrouwen alleen een HSG, 747
vrouwen alleen een laparoscopie en 511 vrouwen zowel een HSG als laparoscopie. Het HSG liet
enkelzijdige afwijkingen zien bij 322 (13%) vrouwen en dubbelzijdige afwijkingen bij 135 (5%)
vrouwen. Bij de laparoscopie was bij 167 (13%) vrouwen sprake van enkelzijdige tubapathologie
en bij 215 (17%) vrouwen van dubbelzijdige tubapathologie. Multivariabele analyses resul-
teerden in een FR van 0.81 (95% BI: 0.59-1.1) voor enkelzijdige, en 0.28 (95% BI: 0.13-0.59) voor
dubbelzijdige tubapathologie op het HSG. Voor laparoscopie bedroeg de FR 0.85 (95% BI: 0.47-
1.52) voor enkelzijdige, en 0.24 (95% BI: 0.11-0.5) voor dubbelzijdige tubapathologie. Op basis
van dit onderzoek kan geconcludeerd worden dat vrouwen met enkelzijdige tuba afwijkingen
op HSG en bij laparoscopie een matige, niet significante reductie in natuurlijke zwangerschaps-
kans hebben, terwijl een dubbelzijdig afwijkend HSG of laparoscopie de kans op een natuurlijke
zwangerschap in hoge mate vermindert. Deze afname in fertiliteitprognose was vergelijkbaar
groot voor zowel het HSG als laparoscopie, hetgeen inhoudt dat beide testen een vergelijkbare
prognostische waarde voor het optreden van een natuurlijke zwangerschap hebben.
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Hoofdstuk 7
In de meeste richtlijnen is de laatste stap van het fertiliteitonderzoek het testen van de door-
gankelijkheid van de tubae. Er is echter geen overeenstemming over de soort test die als eerste
gebruikt zou moeten worden en over de volgorde van de testen. In dit hoofdstuk worden de
kosten en effectiviteit van verschillende invasieve diagnostische scenario’s voor de detectie van
tubapathologie vergeleken. Hiervoor werd een kosteneffectiviteit-analyse uitgevoerd, waarbij
gebruik werd gemaakt van een computer gesimuleerd cohort van subfertiele vrouwen bij wie
rekening werd gehouden met risicofactoren voor tubapathologie in de anamnese. Zes diagnos-
tische- en behandel scenario’s werden geanalyseerd, namelijk: [1] Geen diagnostiek voor tuba-
pathologie en geen behandeling [2] Geen diagnostiek en directe behandeling met IVF tot een
maximum van 3 cycli [3] Geen diagnostiek en uitgestelde behandeling met IVF tot een
maximum van 3 cycli [4] Hysterosalpingografie (HSG), met directe of uitgestelde behandeling
afhankelijk van de diagnose (behandeling op maat). Vrouwen met bilaterale tubapathologie
op het HSG werden meteen behandeld, vrouwen met unilaterale of geen tubapathologie
kregen de uitgestelde behandeling [5] HSG en vrouwen met bilaterale tubapathologie onder-
gingen een diagnostische laparoscopie. Afhankelijk van de diagnose werd behandeling op maat
toegepast [6] Diagnostische laparoscopie en behandeling op maat. De hoofduitkomstmaat was
het cumulatief verwachtte levend geborenen na drie jaar. Secundaire uitkomstmaten waren
kosten per paar en de incrementele kosteneffectiviteit ratio (ICER). Voor een 30-jarige vrouw
was het cumulatief aantal levend geborenen na drie jaar: 51.8% – 78.1% – 78.4% – 78.4% –
78.6% en 78.4% en de kosten per paar waren € 0 – € 6.968 – € 5.063 – € 5.410 – € 5.405 en €
6.163 voor respectievelijk scenario 1, 2, 3, 4, 5 en 6. De ICER’s, in vergelijking met scenario 1
(referentiestrategie) waren € 26.541 – € 19.046 – € 20.372 – € 20.150 en € 23.184 voor respec-
tievelijk scenario 2, 3, 4, 5, 6. Uit sensitiviteitsanalyse bleek het model robuust over een breed
scala van waarden voor de variabelen. De conclusie uit deze studie is dat invasieve diagnosti-
sche testen in het oriënterend fertiliteitonderzoek niet kosteneffectief zijn. Als een invasieve
diagnostische test gepland wordt dan zijn HSG met behandeling op maat of HSG met diagnos-
tische laparoscopie, als uit het HSG blijkt dat de tubae niet doorgankelijk zijn, de meest kosten-
effectieve scenario’s.

Hoofdstuk 8
Dit hoofdstuk bevat een algemene bespreking van de bevindingen en klinische implicaties uit
dit proefschrift en bevat aanbevelingen voor toekomstig onderzoek.

Hoofdstuk 10
In dit hoofdstuk worden, in de vorm van een epiloog, de resultaten van drie proefschriften,
voortkomend uit onze tubapathologie onderzoeksgroep, geïntegreerd.
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With an estimated prevalence between 11 and 30% in subfertile populations, tubal pathology
is an important cause for subfertility (Hull et al., 1985, Collins et al., 1995, Snick et al., 1997).
The American Society of Reproductive Medicine (ASRM) recommends a careful medical history
and physical examination to identify symptoms and signs suggesting a specific cause for
subfertility, which can be the focus of subsequent diagnostic evaluation. The National Institute
for Clinical Excellence (NICE) guideline advises the use of patient characteristics to decide
whether tubal testing should be performed and women without comorbidities should be
offered HSG. The guideline of the Dutch Society for Obstetrics and Gynaecology (NVOG)
mentions the use of patient characteristics as a first step in the diagnostic strategy (ASRM,
2006; NICE, 2004; NVOG, 2004).

Although all these guidelines recommend medical history and physical examination as a
primary evaluation in the fertility work-up, a clear evidence based recommendation in whom,
when and which tubal patency tests should be performed is not provided. As a consequence
there is wide variation in clinical practice concerning the use of tubal patency tests. A diagnostic
strategy in which all available information from the medical history and physical examination
is integrated with the results of tubal patency tests could potentially lead to more cost-effective
testing of tubal pathology. We have performed and published several studies on patient char-
acteristics and these diagnostic tubal tests since the publication of these guidelines. In one
study we developed decision rules to express the probability of tubal pathology at the first
consultation based on patient characteristics only (Coppus et al., 2007). In another study we
showed that the addition of Chlamydia trachomatis Antibody Test (CAT) to a diagnostic model
based on patient characteristics increased the AUC for the diagnosis of any tubal pathology
from 0.65 to 0.70, although not significantly (Coppus et al., 2007). In a separate IPD-analysis, it
was shown that from three commonly used Chlamydia Antibody Tests, the Micro Immuno Fluo-
rescence (MIF) test, showed a moderate ability to discriminate between women with and
without tubal pathology, but performed best of the three CAT tests (Broeze et al., 2011). Addi-
tional testing for a high-sensitive CRP (hs-CRP), a possible marker for persistence of a Chlamydia
Trachomatis infection, to the CAT, increased the diagnostic accuracy of CAT, but the result of
that study requires confirmation before it is implemented in clinical practice (Den Hartog et al.
2008). In another study we provided decision rules in which information from medical history
and physical examination were combined with the results of tubal testing in order to calculate
the predicted probability of tubal pathology (Broeze et al., 2012). The combination of patient
characteristics with CAT and HSG results provided the best diagnostic performance for the diag-
nosis of bilateral tubal pathology. We also showed that the diagnostic performance of HSG is
invariant over several subgroups of patients, suggesting that HSG is able to diagnose both any
and bilateral tubal pathology equally in all subfertile women and is a useful screening test for
all subfertile women. Of note is that in women at low risk for tubal pathology (i.e. no risk indi-
cators in the history and a negative CAT result), the sensitivity of HSG was low, but the speci-
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ficity remained stable (Broeze et al., 2011). This is most likely due to false positive results at
laparoscopy, which is the standard reference test in diagnostic studies on tubal patency. In
women at low-risk for tubal pathology and a normal HSG, laparoscopy can show abnormalities
which, we think, are often caused by technical problems at laparoscopy. These technical prob-
lems can consist of vaginal leakage of dye, low pressure at chromopertubation, premature
ending of the procedure, difference in flow when one tube is patent or invisibility of the fimbrial
ends. In another study we found that HSG and Laparoscopy show comparable performance in
predicting natural conception, indicating that from that perspective there is no preference for
one of these tests (Verhoeve et al., 2011). One randomised trial showed no additional advantage
of diagnostic laparoscopy if this was performed following a normal HSG, on treatment decision
and pregnancy outcome (Tanahatoe et al., 2005) and, in another randomised trial, the number
of diagnostic laparoscopies was substantially reduced if diagnostic laparoscopy was preceded
by HSG (Perquin et al., 2006). Combining the results of these studies, it can be concluded that
medical history and physical examination can differentiate between women at low and at high
risk for tubal pathology. Identification of those women at highest risk for bilateral tubal
pathology, who have the lowest chances for natural conception, is best obtained by combining
patient characteristics with CAT and HSG. In a cost-effective analysis, different diagnostic
strategies for presence of tubal pathology were assessed. In this study, patient characteristics
were taken into account and obtained from IPD-analyses (Broeze et al. 2012), the prognostic
model of Hunault for unexplained subfertility was used (Hunault et al., 2004) as well as a prog-
nostic model for pregnancy outcome after IVF treatment in a Dutch cohort (Lintsen et al., 2007).
This study showed that no diagnostic test and expectant management is the most cost-effec-
tive strategy until the age of 38 years, and no diagnostic test but direct treatment from the age
of 39 years. If, however, a diagnostic tubal test is planned, a strategy of first HSG followed by
diagnostic laparoscopy, where HSG shows bilateral tubal pathology, followed by management
depending on the test result, is the most cost-effective strategy (Verhoeve et al., 2013).

We suggest the following for tubal patency tests in the fertility work-up; in women until 38
years and at low risk for tubal pathology based on medical history, physical examination and
CAT result, expectant management and no diagnostic test for at least 12 months is justified
and will reduce the number of unnecessary invasive diagnostic tests, complications and costs.
An HSG followed by laparoscopy, if HSG shows bilateral occlusion, should be considered, if
conception does not occur after expectant management and if a couple prefers fertility treat-
ment other than IVF. In women with bilateral distal occlusion, HSG can be helpful to decide
whether laparoscopic salpingostomy is preferable above or before IVF, although randomised
evidence for this is lacking. In women 39 and older, direct treatment is the most cost-effective
scenario, irrespective of the medical history, physical examination and CAT result. It is not to
be expected that every couple is prepared to start directly with IVF treatment. The second best
strategy is then to prove tubal patency by HSG and if the tubes are found to be open, couples
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can be counselled to choose between expectant management, intra uterine insemination or
IVF, obviously taking the prognosis for natural conception into account.(Hunault et al., 2004;
Steures et al., 2006). In some women sonographically visible bilateral hydrosalpinges may be
detected before tubal testing. In these women direct laparoscopy is advised and can be
combined at the same time with salpingectomy or laparoscopic tubal occlusion, since it has
been shown that this improves IVF-outcome (Johnson et al., 2010).

Our recommendation and findings can serve as a framework for a new evidence based guide-
line for the diagnosis of tubal pathology in subfertile couples. Several aspects still need to be
addressed and considered. Although our decision rules showed good calibration (the corre-
spondence between model-based probabilities and observed tubal pathology rates) and can
be easily applied in clinical practice, external validation is still required (Leushuis et al., 2009).

Also further research is needed concerning the finding of unilateral tubal pathology. Although
our findings did not show a significant reduction in pregnancy rates in this group of women
(Mol et al.,1999; Verhoeve et al., 2011), the pregnancy rate may be overestimated due to use
of conventional methods of analysis (van Geloven et al., 2012). It is thus possible that in case
of unilateral tubal pathology, active management such as surgery, IUI or IVF may result in signif-
icantly higher pregnancy rates. To answer this question requires a randomised controlled trial
in this group of women.

Finally, we recommend expectant management and deference of tubal testing in a substantial
number of couples. A recent survey amongst patients and professionals in the Netherlands
showed that not only patients’ appreciation of expectant management was moderate, but also
the professionals’ adherence to expectant management. Improvement of adherence may be
obtained by providing more information material to patients about prognostic models and
providing protocols and training to professionals and by improving their communication skills
(van den Boogaard et al., 2012). Tubal tests may have additional effects on patients’ health
apart from the consequences of subsequent management decisions (Bossuyt and McCaffery,
2009; Lenhard et al., 2005). These additional effects, such as knowing the cause of the subfer-
tility, being reassured that tubes are patent or anxiety provoked when the tests reveal bad
news, have not been studied. The value of such information may influence the decision to test
or not and should be studied.
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