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That slender and narrow seminal duct rises, 

fibrous and pale, from the horns of the uterus itself;

 becomes, when it has gone a little bit away, appreciably broader, 

and curls like a branch until it comes near the end, 

then losing the horn-like curl, and becoming very broad, 

has a distinct extremity which appears fibrous and fleshy through its red color, 

and its end is torn and ragged like the fringe of well-worn garments, 

and it has a wide orifice 

which lies always closed through the ends of the fringe falling together; 

and, if these be carefully separated and opened out, 

they resemble the orifice of a brass trumpet. 

Wherefore since the seminal duct from its beginning to its end 

has a likeness to the bent parts of this classic instrument, 

separated or attached, therefore, 

it has been called by me uteri tuba (trumpet of the uterus).

 

Gabriele Fallopius, 1561
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Subfertility is customarily defined as failure to conceive after regular unprotected 

sexual intercourse 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 subfertility 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 
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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 

complications 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 tube 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 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 (Lindequist 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 physicians. Kalk in Germany was principally responsible for 

developing laparoscopy into an effective diagnostic and surgical procedure in the 

early 1930s (Trimbos-Kempers, 1981; Te Linde’s Operative Gynecology, 1992). It 

was not until 1946 before Palmer in France introduced laparoscopy and dye test 

(synonyms:  dye pertubation, chromopertubation) into gynaecologic practice for 
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the assessment of tubal patency and published his first 250 cases (Palmer, 1946). 

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; Härkki-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 unexplained 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). 

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 adhesiolysis 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 
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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 antibiotics. However, the majority of these infections is asymptomatic and 

remains therefore undiagnosed. 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 serum C. trachomatis IgG antibodies 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.  

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-
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needle trocar 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 judgment 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 Chlamydia antibodies (CAT) was assessed in another meta-

analysis (Mol et al., 1997). This study showed that the discriminative capacity of 

Chlamydia antibody titers 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). 
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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 

methodological 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 evaluate 

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 
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statistically pool the results of individual diagnostic 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 

therefore uncertain (Miettinen and Caro, 1994; Bachman et al., 2003; Khan et al., 

2003; Broeze et al., 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 specificity 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 relation 

to other patient characteristics and allows the development or evaluation of 

diagnostic algorithms for individual patients (Broeze et al.,  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; NVOG, 2004; ASRM, 2006) 

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 
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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)

Background and outline of the thesis

During initiation of this research project, we noticed a wide practice variation 

between clinics on work-up for diagnosing tubal pathology. Internationally, even 

larger heterogeneity existed in tubal work-up. We therefore decided to focus on 

diagnostic and prognostic aspects of tubal patency testing, and identified several 

knowledge gaps about the clinical usefulness of medical history taking, CAT and 

HSG in daily practice. To answer these knowledge gaps, we first had to gain insight 

in methodological issues, which were developing very rapidly at the time of start 

of the research presented in this thesis. As a result, the research presented in this 

thesis starts with a focus on methodological issues in diagnostic and prognostic 

research in general. Hereafter, we investigate the value of multivariable diagnostic 

models based on medical history taking, to estimate pretest probabilities for tubal 

pathology that might help to distinguish women with a high and low probability 

of (severe) tubal disease at first consultation. Furthermore, the added value of 

Chlamydia antibody testing upon medical history taking is explored. Finally, we 

research the prognostic significance of various tubal pathology tests like HSG, 

laparoscopy and CAT testing for spontaneous pregnancy. 

Chapter 2 focuses on the quality of reporting of test accuracy studies in 

reproductive medicine. We evaluate whether the introduction of the STARD 

statement has led to a better reporting of test accuracy studies in two leading 

journals within the field of reproductive medicine. 

In chapter 3, we report on the methodological considerations when combining 

the results of several diagnostic tests into models to predict the outcome of 

such diagnoses over time. The importance of a clinically relevant spread in well 
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calibrated probabilities is emphasized, rather than a focus on sensitivity and 

specificity of a model. 

In chapter 4, we present the results of a pilot study on the use of multivariable 

prediction models in the diagnosis of tubal pathology in subfertile women. Using 

the data of 163 women from a Scottish prospective cohort study, strategies of 

medical history taking alone, CAT testing alone, or an integrated use of both are 

compared.

In chapter 5, data of 3716 women who underwent tubal patency testing as 

part of their routine fertility workup are used to relate elements in their medical 

history to the presence of tubal pathology. With multivariable logistic regression, 

we construct two diagnostic models. One in which tubal disease is defined as 

occlusion and/or severe adhesions of at least one tube, whereas in a second model, 

tubal disease is defined as the presence of bilateral abnormalities. For both models, 

discrimination and calibration is evaluated, and the models are transformed into 

simple diagnostic score charts for application of the models in clinical practice. 

 

In chapter 6, we evaluate the impact of unilateral and bilateral tubal pathology 

detected at HSG or laparoscopy on treatment-independent pregnancy rates, as 

compared with women in whom invasive tubal testing showed no abnormalities. 

In chapter 7, we describe the results of a cohort study of 1882 women in whom, 

after CAT testing, invasive tubal testing with HSG or laparoscopy showed no tubal 

pathology. The effect of CAT-seropositive status on spontaneous pregnancy rates 

is evaluated. 

Chapter 8 provides a general discussion of the results presented in this thesis and 

outlines their clinical implications. Finally suggestions for future research are given.

Chapter 9 summarizes the data presented in this thesis. 

Chapter 10 provides an epilogue in which the results of three theses on tubal 

pathology from our study group are integrated.
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Abstract

BACKGROUND: To evaluate the extent to which test accuracy studies 

published in two leading reproductive medicine journals in the years 

1999 and 2004 adhered to the Standards for Reporting of Diagnostic 

Accuracy Studies (STARD) initiative parameters, and to explore whether 

the introduction of the STARD statement has led to an improved quality of 

reporting. 

METHODS: Structured literature search. Articles that reported on the 

diagnostic performance of a test in comparison with a reference standard 

were eligible for inclusion. For each article we scored how well the twenty-

five items of the STARD checklist were reported. These items deal with the 

study question, study participants, study design, test methods, reference 

standard, statistical methods, reporting of results and conclusions. We 

calculated the total number of reported STARD items per article, summary 

scores for each STARD item and the average number of reported STARD 

items per publication year.

RESULTS: We found 24 studies reporting on test accuracy in reproductive 

medicine in 1999 and 27 studies in 2004. The mean number of reported 

STARD items for articles published in 1999 was 12.1 ± 3.3 (range 6.5-20) and 

12.4 ± 3.2 (range 7-17.5) in 2004, after publication of the STARD statement. 

Overall, less than half of the studies reported adequately on 50% or more of 

the STARD items. The reporting of individual items showed a wide variation. 

There was no significant improvement in mean number of reported items 

for the articles published after the introduction of the STARD statement.

CONCLUSIONS: Authors of test accuracy studies in the two leading fertility 

journals poorly report the design, conduct, methodology and statistical 

analysis of their study. Strict adherence to the STARD guidelines should be 

encouraged.
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Introduction

The number of available diagnostic tests is growing exponentially. Evaluation of 

their accuracy in ruling in or ruling out disease is increasingly important as these 

data can help us identify which tests are useful to perform.

A problem in test accuracy studies is that rigorous methodological standards 

for research on diagnostic tests have been slower to develop than standards for 

studies of therapeutic interventions. This could be explained by the fact that test 

evaluation research is less straightforward than the evaluation of therapy, where 

randomized controlled trials have become the de facto standard method for 

evaluating effectiveness. In the last 10 years, more and more empirical evidence 

has been gained on design features of test accuracy studies associated with bias 

and lack of applicability. Several factors can threaten the internal and external 

validation of accuracy studies. One study showed that the methodological quality 

of studies of diagnostic accuracy, as published in four major medical journals 

between 1978 and 1993, was mediocre at best. Information on key elements of 

design, conduct and analysis was often not reported (1). 

In 1999, Lijmer et al. (2) showed that many reports of diagnostic tests contain 

methodological shortcomings that can result in an overestimation of diagnostic 

test accuracy. A systematic review showed that a number of issues in the design 

and conduct of diagnostic accuracy studies can lead to bias or variation, with the 

best-documented effects found for demographic features, disease prevalence and 

severity, partial verification bias, clinical review bias, and observer and instrument 

variation (3). 

In reproductive medicine, tests are ordered to establish the presence or absence 

of disease or to predict clinical outcome such as ovarian response or pregnancy. 

In diagnostic accuracy studies the results of a test are compared to those of a 

reference standard, the best available method to detect the presence of absence 

of disease. These results are expressed 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 endpoint and statistics are 

calculated to express the predictive capacity of the test.
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To interpret the results of clinical studies on testing correctly, readers must 

understand the design, conduct, and data analysis and must be able to judge the 

internal validity and generalizability of the results. This goal can only be achieved 

through complete transparency of reporting in the articles. In recent years, a 

growing number of guidelines have been published to support authors of medical 

articles to clearly report the methodology used. For randomised clinical trials, the 

CONSORT statement (Consolidated Standards of Reporting Trials) was published in 

1996 (4) and in a revised form in 2001 (5). For meta-analyses QUOROM (Quality of 

Reporting of Meta-analyses) and MOOSE (Meta-analysis of Observational Studies 

in Epidemiology) are available (6, 7). 

For diagnostic studies, a group of scientists and editors developed the STARD 

(Standards for Reporting of Diagnostic Accuracy) statement to improve the 

reporting quality of studies on diagnostic accuracy. This STARD statement contains 

a 25-item checklist and a prototypical flow chart that helps authors to write a 

proper report of a diagnostic accuracy study and enables readers to assess the 

potential for bias in a study and to evaluate the generalizability of the results. 

STARD was primarily developed for authors to ensure completeness of reporting, 

not for reviewers to determine the quality of the study methodology. 

In January 2003, this statement was first published simultaneously in eight 

medical journals, (American Journal of Clinical Pathology, Annals of Internal Medicine, 

British Medical Journal, Clinical Chemistry, Clinical Biochemistry, Clinical Chemistry 

and Laboratory Medicine, the Lancet and Radiology) together with an explanation 

and elaboration document published in Clinical Chemistry (8, 9). Since then, it 

has been published or promoted in several other biomedical journals, including 

Academic Radiology, British Journal of Obstetrics and Gynaecology, Clinical Radiology, 

Gynecological Oncology, JAMA, Annals of Clinical Microbiology and others (10-15).

In reproductive medicine, neither Human Reproduction nor Fertility and Sterility 

published STARD or promoted this statement with an editorial. In the instructions 

for authors of these journals on how to prepare a paper, only Human Reproduction 

lists the STARD statement as compulsory when writing an article on test accuracy. 

Since it is not known how reports on diagnostic and prognostic accuracy in 

reproductive medicine comply with the STARD-checklist, and to explore whether 
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the introduction of the STARD-statement has improved the quality of report, we 

conducted a systematic literature survey in which the quality of reporting of these 

studies published in Fertility and Sterility and Human Reproduction was assessed for 

the years 1999 (pre-STARD) and 2004 (post-STARD).

Materials and Methods

Study selection and data extraction
We performed a systematic search in all issues of Fertility and Sterility and Human 

Reproduction published in 1999 (pre-STARD) and in 2004 (post-STARD) for articles 

reporting on the diagnostic or prognostic accuracy of a test. A search was run in 

Pubmed on journal name and publication year. This search was then limited to 

articles that dealt with human research and had an abstract. Hereafter we excluded 

all (randomized) clinical trials, meta-analyses, letters, editorials, practice guidelines 

and reviews with the search limit options of the search system. 

We screened the remaining articles for eligibility based on title and abstract. Articles 

were eligible for inclusion if they reported on primary studies on diagnostic or 

prognostic accuracy. Diagnostic accuracy studies were defined as the assessment 

of a new test in comparison with a reference standard. Prognostic accuracy studies 

were defined as studies in which a test was performed to predict clinical outcomes 

in ART such as ovarian hyperstimulation syndrome, ovarian response, or pregnancy. 

A flowchart of the study selection process is shown in Fig. 1.

All selected articles were closely examined on the extent to which they reported the 

STARD criteria. A standardized score form for the quality of reporting of diagnostic 

accuracy studies that had been developed and tested at the department of Clinical 

Epidemiology and Biostatistics from the Academic Medical Centre, University of 

Amsterdam was used for this purpose (16). A single trained reviewer scored all 

articles, with a secondary reviewer (BWJM) checking a random sample of 20% to 

ensure accuracy in interpretation of the articles. Inter-rater agreement between 

these two reviewers was expressed as overall agreement percentage and more 

formally tested with the kappa statistic.
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Pubmed search for articles published in 
Fertility and Sterility and Human 
Reproduction in 1999 and 2004 (n = 2566)  

Search limited to human research with 
available abstract (n = 2127) 

Excluded: n = 439 

Excluded: n = 670: 
  • Trial n = 452 
  • Editorial n = 4 
  • Letter n = 57 
  • Meta-analysis n = 16 
  • Practice guideline n = 14 
  • Review n = 127 

Potentially eligible articles identified and 
screened for retrieval based on title and 
abstract (n = 1457) 
!

Potentially eligible articles (n = 60) 

Excluded: n = 1397 

Assessment of the quality of reporting on 
diagnostic and prognostic test accuracy 
studies in reproductive medicine (n = 51) 

Excluded: n = 9 
No diagnostic or prognostic 
test evaluation n = 7 
Correspondence n = 2 

FIGURE 1. Flowchart showing search and selection process of articles reporting on diagnostic 
or prognostic test accuracy.

Statistical analysis
The 25-items of the STARD list can be divided into items addressing formulation 

of the study question, study participants, study design, test methods, reference 

standard, statistical methods, report of results and conclusions (Table 1). For 

each item of the STARD statement, the total number of articles reporting all the 

23138 Coppus.indd   32 28-09-12   14:55



Quality of reporting of diagnostic studies

33

 2

elements needed for that item was summed. Equal weights were applied to each 

item. The total number of reported STARD items, was also calculated for each 

article by summing the number of reported items (0-25 points possible). A higher 

number of items indicates better reporting and visa versa. 

Six items (items 8, 9, 10, 11, 13 and 24) concern both the index test as well as the 

reference test. If only the index test or only the reference standard was reported 

adequately, this item was scored as 0.5 point. The overall mean, range, and standard 

deviation of the total number of reported STARD items were calculated. Testing for 

significant improvement of the total number of reported STARD items 1 year after 

the introduction of this statement was performed with an unpaired two-tailed 

t-test for independent samples, with the significance level set at P<0.05.

Results

A total number of 2127 articles reporting on human research with an available 

abstract published in 1999 and 2004 in Fertility and Sterility and Human Reproduction 

were identified. After limiting the search, as described in the method section, the 

remaining 1457 articles were screened for eligibility. Of these, 51 (3.5%) were 

marked as prognostic or diagnostic accuracy studies (17-67). Twenty-eight of 

these were published in Fertility and Sterility and 23 in Human Reproduction. 

Agreement between the two reviewers was good with an overall agreement 

percentage of 91.5%. The kappa-statistic had a value of 0.82, indicating a very 

good agreement beyond change.  

The mean number of reported STARD items in the 24 accuracy reports published 

in 1999 was 12.1 (SD 3.3) with a range of 6.5 to 20 on a scale from 0 to 25 points. In 

2004, the 27 included articles reported a mean of 12.4 (SD 3.2) items with a range 

of 7 to 17.5 (Fig. 2). The mean difference was a nonsignificant 0.3 points (P=0.7). No 

subgroup analysis was performed. In both years, slightly less than half of studies 

(11/24 and 13/27) reported on more than 50% of the items (≥12.5 items). The 

maximum number of reported items in a single article in 1999 was 20 of the 25 

items versus 17.5 of the 25 items in 2004. 

The reporting of individual items showed a wide variation (0% to 96%), which 

is shown in Table 1. Although we interpreted item 1 more broadly (allowing 
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“diagnostic” to be read as “prognostic”), articles about diagnostic and prognostic 

accuracy were indexed poorly, with only 29% and 19% of articles clearly indexing 

the study as an article reporting on diagnostic or prognostic accuracy in the way 

that is recommended by the STARD committee. The aim of the study was stated 

in more than 80% of articles, with an adequate description of the test under study, 

the reference test, and target condition or outcome of interest. 
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FIGURE 2. Median, interquartile ranges, and the range of adequately reported STARD items in 
1999 and 2004.

The methods section lacked a detailed definition of the study population in which 

the tests were carried out in 30% to 40% of studies. Of the 16 items in the method 

section -item 8, 9, 10, 11 and 13 counted twice, for index test and reference test 

separately- only three of these were reported in more than 75% of the articles 

in 1999, a number that increased to six in 2004. For 1999 these items were the 

description of participant recruitment, of data collection and adequate description 

of the index test (items 4, 6 and 8a). In 2004, these items were participant 

recruitment, participant sampling, data collection, description of the index test, 

and definition of and rationale for units and cutoffs for the index test and reference 
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standard (items 4, 5, 6, 8a, 9a and 9b). The reference standard and its rationale or 

the outcome of interest was only reported in 52% of the studies. 

TABLE 1. Report of items of the STARD statement in 51 articles of diagnostic and prognostic 
accuracy published in 1999 and 2004.

1999¶ 2004¶¶

Category and item no. (n=24) (n=27)

Title, abstract and keywords

1. Identify the article as a study of diagnostic accuracy (recommend MESH 
heading “sensitivity and specificity”)

 7 (29)  5 (19)*

Introduction

2 State the research question or study aims, such as estimating diagnostic 
accuracy or comparing accuracy between tests or across participant 
groups.

21 (88) 22 (81)

Methods

3 Describe the study population: the inclusion and exclusion criteria, 
setting, and locations where data were collected.

17 (71) 17 (63)

4 Describe participant recruitment: was recruitment based on presenting 
symptoms, results from previous tests, or the fact that the participants 
had undergone the index test(s) or the reference standard?

20 (83) 26 (96)

5 Describe participant sampling: was the study population a consecutive 
series of participants defined by the selection criteria in item 3 and 4? If 
not, specify how participants were further selected.

15 (63) 21 (78)

6 Describe data collection: was data collection planned before the index 
test and reference standard were performed (prospective study) or after 
(retrospective study)?

19 (79) 23 (85)

7 Describe the reference standard and its rationale. 10 (42) 14 (52)

8  Describe technical specifications of material and methods involved 
including how and when measurements were taken, and/or cite 
references for index tests and reference standard. 
a. For the index test 23 (96) 24 (89)
b. For the reference standard 16 (67) 16 (59)

9  Describe definition of and rationale for the units, cut-offs and/or 
categories of the results of the index test and the reference standard.
a. For the index test 16 (67) 25 (93)
b. For the reference standard 16 (67) 21 (78)

10  Describe the number, training and expertise of the persons executing 
and reading the index tests and the reference standard.
a. For the index test 6 (25)  5 (19)
b. For the reference standard 2 (8)  2 (7)

11  Describe whether or not the readers of the index tests and reference 
standard were blind (masked) to the results of the other test and 
describe any other clinical information available to the readers.
a. For the index test 10 (42)  7 (26)
b. For the reference standard 4 (17)   6 (22)

12 Describe methods for calculating or comparing measures of diagnostic 
accuracy, and the statistical methods used to quantify uncertainty (e.g. 
95% confidence intervals).

2 (8) 3 (11)

13  Describe methods for calculating test reproducibility, if done.
a. For the index test 14 (62) 13 (48)
b. For the reference standard 5 (27)  1 (4)
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Results

14 Report when study was done, including beginning and ending dates of 
recruitment.

14 (58) 22 (81)

15 Report clinical and demographic characteristics of the study population 
(e.g. age, sex, spectrum of presenting symptoms, comorbidity, current 
treatments, recruitment centers).

16 (67) 19 (70)

16 Report the number of participants satisfying the criteria for inclusion 
that did or did not undergo the index tests and/or the reference 
standard; describe why participants failed to receive either test (a flow 
diagram is strongly recommended).

19 (89) 19 (70)

17 Report time interval from the index tests to the reference standard, and 
any treatment administered between them.

16 (67) 17 (63)

18 Report distribution of severity of disease (define criteria) in those with 
the target condition; other diagnoses in participants without the target 
condition.

9 (38)  9 (33)

19 Report a cross tabulation of the results (including indeterminate and 
missing results) by the results of the reference standard; for continuous 
results report the distribution of the test results by the results of the 
reference standard.

16 (67) 12 (44)

20 Report any adverse events from performing the index tests or the 
reference standard.

 0   1 (4)

21 Report measures of diagnostic accuracy and measures of statistical 
uncertainty (e.g., 95% confidence intervals).

2 (8)  6 (22)

22. Report how indeterminate results, missing responses, and outliers of the 
index tests were handled.

1 (4) 4 (15)

23. Report estimates of variability of diagnostic accuracy between 
subgroups of participants, readers or centers, if done.

4 (17) 6 (22)

24.  Estimates of test reproducibility, if done
a. For the index test 8 (33)  6 (22)
b. For the reference standard 0  0

Discussion

25. Discussion of the clinical applicability of the study findings. 22 (92) 26 (96)

*  Number in parentheses expresses percentage 
¶   Mean STARD score, 12.1 ± 3.3; range 6.5-20 
¶¶ Mean STARD score, 12.4 ± 3.2; range 7-17.5

Information concerning the index test was generally better reported than that for the 

reference standard (items 8-13 and 24). Notably information regarding the number 

and training of the persons executing and evaluating the index test and reference 

test, and blinding of readers to the tests was reported in a minority of reports. In 

2004, methods for calculating measures of diagnostic or prognostic accuracy, such 

as sensitivity, specificity, likelihood ratios, predictive values and ROC curves, were 

reported in only three articles. These were also the only articles that reported a 

statistical method used to quantify uncertainty, in all cases 95% confidence intervals. 

Indices of accuracy and the corresponding confidence intervals were reported in 

another three articles. Reporting indices of accuracy was done more often in articles 

in 1999. However, because the STARD statement invites authors to report confidence 

intervals as well, no more than 2 articles fulfilled item 12 (data not shown).
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The study population in which tests were executed was reported in 71% and 

63% of articles. Of the 11 items in the result section, study period, clinical and 

demographic characteristics, and time interval between tests were reported with 

a frequency of more than 60%. A flow diagram, which is strongly encouraged by 

the STARD steering committee, was presented in only 3 of the 51 articles.

Discussion

The results of this study indicate that the quality of reporting in articles on test 

accuracy in reproductive medicine is poor to mediocre. For both publication 

years examined, more than 50% of articles report less than 50% of STARD items. 

The mean number of reported STARD items was 12.1 for the articles published in 

1999 and 12.4 for articles published in 2004. If we compare our results to data on 

quality of reporting from other fields of medicine, the standards of reporting in 

reproductive medicine are quite comparable to these other specialities. Articles 

published in the year 2000 in journals with impact factor of four or higher that 

regularly publish articles on diagnostic accuracy, reported 11.9 STARD items on 

average, with only 41% of articles reporting on more than 50% of STARD items 

(16). In ophthalmology, only 44% of the 16 diagnostic accuracy studies published 

in 2002 in the five leading ophthalmic journals reported more than half of the 

STARD items (68).

Description of study population was reported in 60% to 70% of the articles. 

Although this may seem a reasonable score, in our opinion this percentage is 

worrisome. An absent or incomplete description of the study population affects 

the generalizability of the study. Empirical evidence exists that this may be 

accompanied by overestimated test accuracy (2). 

The indexing of the articles as diagnostic studies fulfilled the criteria of the STARD 

list in only a minority of reports. This is of concern due to the following reason: 

with the number of diagnostic meta-analyses growing, electronic databases 

have become indispensable tools to identify studies. To facilitate retrieval of their 

diagnostic study, authors should identify their studies as such. STARD recommends 

the use of the term “diagnostic accuracy” in the title or abstract of a report that 

compares the results of index test(s) with that of a reference standard. The MESH 
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heading “Sensitivity and Specificity” is also recommended. Several reports however, 

have shown that a search with this term does not identify all accuracy studies, 

while incorrectly identifying many articles as such. “Sensitivity and Specificity” may 

therefore be a less suitable set of keywords (69-70). Using the term “diagnostic 

accuracy” in title or abstract would enable the reader to easily and quickly identify 

a test accuracy study as such.

In the present study, we only valued the quality of reporting (defined as the number 

of reported STARD items), not the methodological quality or the degree of bias of 

the studies. If a study reported that the evaluation of the index and reference test 

was not blinded and this was clearly stated as such in the report, item 11 was 

considered to be well reported. Yet this may indicate a possible methodological 

shortcoming, depending on the amount of subjectivity associated with reading 

both tests. Good reporting though allows the reader-clinician to judge the 

potentials for bias in a study. The Quality Assessment of Studies of Diagnostic 

Accuracy Included in Systematic Reviews (QUADAS) tool, which contains items 

concerning bias in diagnostic accuracy studies, is a checklist that can be used to 

judge the potential for bias in a diagnostic accuracy study, and has been developed 

to be used in systematic reviews of diagnostic test accuracy (71). Some of the items 

listed in the QUADAS tool, were also selected by the US Department of Health and 

Human Services in their evidence-based practice report on systems to rate the 

strength of scientific evidence (www.ahrq.gov/clinic/tp/strengthtp.htm). 

Confidence intervals (CIs), which are important to judge the reliability of the 

estimates of diagnostic accuracy, were reported in only eight studies. It is 

noteworthy that, although in studies of effects CIs are more or less obligatory; 

these are much less being reported in studies of diagnostic accuracy. Like measures 

of effect in therapeutic trials, estimates of diagnostic accuracy are also subject to 

chance variation, and authors should quantify the amount of uncertainty around 

their observed values. Methods for calculating the precision around frequently 

used measures of diagnostic accuracy are readily available in literature (72, 73). 

One other review revealed that CIs were reported in only 50% of 16 diagnostic 

evaluation reports published in the BMJ in 1996 and 1997 (74). In our study 

confidence intervals were reported in only 16% of studies. 
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In this study, we evaluated whether or not information on each of the 25 STARD 

items was reported. Although we have referred to this evaluation in this manuscript 

as the “quality of reporting”, the latter may be defined by an additional number of 

features, such as clarity of the language used for reporting, absence of ambiguity, 

consistency between abstract, methods, results and discussion. Such a more 

detailed analysis was beyond the scope of our paper. 

It has been shown that the introduction of a guideline on how to report 

randomized controlled trials has led to improvement in the quality of reporting 

of these studies. Articles in journals that had adopted CONSORT showed greater 

improvement in quality of reporting than did articles in a journal that did not 

advocate its use (75). A recent study provided additional evidence to suggest a 

role for checklists. Articles published in Clinical Chemistry - a journal that adopted a 

preliminary checklist for the report of diagnostic accuracy studies as early as 1996 

- showed a greater improvement in reporting from 1996 to 2002 than articles 

published in Clinical Chemistry and Laboratory Medicine, a journal that did not use 

a similar checklist before (76). 

Our study was unable to detect a significant improvement of the quality of 

reporting between 1999 and 2004 in a “before-and-after STARD” evaluation. A 

possible explanation may be that the time involved between submitting an article 

to a journal and the final acceptation for publication (the so-called “peer-review 

time”) did not allow authors to incorporate the STARD-guidelines into their articles. 

Another possibility might be that authors, reviewers and editors are less familiar 

with the current STARD checklist than with others such as CONSORT.

Possible limitations of our study are the relatively small number of studies included, 

and the fact that we applied the STARD list also to prognostic accuracy studies. As 

far as the first limitation is concerned, we decided to include studies published from 

January 2004 onward, specifically with the aim of reducing the effect of the above 

mentioned peer review time. This obviously limited the number of eligible articles. 

With respect to the second limitation, we believe that it is justified to apply the 

STARD-criteria to prognostic accuracy studies as well, as in reproductive medicine 

these studies have a striking similarity with diagnostic test accuracy studies. For 

the evaluation of the prognostic accuracy of tests, transparent reporting of study 
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execution, participants, flow of participants throughout the study, statistical 

uncertainty, definition of outcome and rationale, reproducibility of test results, and 

so on, is as essential as it is with diagnostic test accuracy studies.

In conclusion, this study shows that the quality of reporting on diagnostic and 

prognostic accuracy studies in reproductive medicine is comparable to other fields 

of medicine but leaves ample room for improvement. Authors, reviewers, editors 

and readers should be aware of the STARD criteria for reporting on diagnostic/

prognostic accuracy studies. We welcome stricter adherence to this guideline.
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Abstract

Prediction models are used in reproductive medicine to calculate the 

probability of pregnancy without treatment, as well as the probability of 

pregnancy after ovulation induction, intrauterine insemination or in vitro 

fertilization. The performance of such prediction models is often evaluated 

with a receiver operating characteristic (ROC) curve. The area under the 

ROC curve, also known as c-statistic, is then used as a measure of model 

performance. The value of this c-statistic is low for most prediction 

models in reproductive medicine. Here, we demonstrate that low values 

of the c-statistic are to be expected in these prediction models, but we 

also show that this does not imply that these models are of limited use 

in clinical practice. The calibration of the model (the correspondence 

between model-based probabilities and observed pregnancy rates) as well 

as the availability of a clinically useful distribution of probabilities and the 

ability to correctly identify the appropriate form of management are more 

meaningful concepts for model evaluation.
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Introduction

In the evaluation of subfertile couples, clinicians have traditionally focused on 

finding the underlying cause of subfertility. Yet, only in a minority of couples, a 

causal diagnosis can be made, one which fully explains why conception has not 

occurred. Examples of such causal diagnoses are anovulation, azoospermia and 

bilateral tubal pathology. In the majority of couples, a relative factor is found, only 

partially explaining why conception has not occurred. The latter factors include 

advanced maternal age, mild male subfertility, cervical hostility, mild endometriosis 

and one-sided tubal pathology. In other couples, no factors impairing fertility can 

be found at all, and a diagnosis of unexplained subfertility is made.

 

A number of treatments options are available once a causal diagnosis has been 

made. In anovulatory women, infertility can be corrected by ovulation induction. 

Women with bilateral tubal disease can be treated with tubal surgery or offered 

in vitro fertilisation (IVF). In men with azoospermia or oligoasthenozoospermia, 

the inability to conceive can be overcome by surgical sperm retrieval and assisted 

fertilization. Treatment of these couples is indicated, as their probability of natural 

conception is virtually zero. In contrast to couples with a causal diagnosis, couples 

with a relative factor as well as those with unexplained subfertility vary in their 

prognosis. Whereas some have relatively good chances of achieving a pregnancy 

without treatment, these chances are rather low in others (Collins et al., 1995). As 

targeted treatments are not available for these conditions, empiric interventions 

such as intrauterine insemination (IUI) and IVF are usually offered. IUI and IVF are 

expensive and not without potential side effects, and these treatment options 

should therefore be offered to couples only if their probability of conceiving 

with treatment is sufficiently higher than their probability of conceiving without 

treatment. 

Clinical decision making in these couples should therefore be guided by these 

probabilities (Habbema et al., 2004). A number of validated prediction models 

are available to help the clinician in calculating the probability of pregnancy in 

subfertile couples, with and without treatment (see Leushuis et al., 2009, for a 

critical appraisal). There are models to calculate: the probability of a treatment 

independent pregnancy (Eimers et al., 1994; Collins et al., 1995; Snick et al., 1997; 

Hunault et al., 2004; Hunault et al., 2005; van der Steeg et al., 2007), the probability 
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of a pregnancy after IUI (Steures et al., 2004; Custers et al., 2007) and the probability 

of a pregnancy after IVF (Templeton et al., 1996; Stolwijk et al., 1996; Smeenk et al., 

2000; Lintsen et al., 2007). 

For most of these models, the ability to predict pregnancy has been evaluated 

by receiver operating characteristic (ROC) curves. These curves are obtained by 

comparing the proportion of couples exceeding a pre-set probability threshold 

within those who achieve a pregnancy with the proportion also exceeding that 

threshold in those who do not achieve a pregnancy in a specified time frame. This 

is done for all possible probability thresholds. The area under the resulting ROC 

curve (AUC), also known as c-statistic, expresses the extent to which a model can 

identify couples who will become pregnant and is used as a measure of model 

performance.

In general, the c-statistic for prediction models in reproductive medicine is rather 

low, ranging between 0.59 and 0.64 for models for treatment independent 

pregnancy, between 0.56 and 0.59 for IUI, and between 0.50 and 0.67 for IVF. A 

graph of such a typical ROC curve is shown in Fig. 1, adapted from a paper on 

the prediction of pregnancy after IUI (Custers et al., 2007). According to criteria 

for evaluating areas under ROC curves, these values indicate low-to-modest 

discriminatory performance (Swets, 1988). It is questionable whether the 

c-statistic is the best way to express the predictive performance of a model and, 

consequently, if a limited discriminatory capacity precludes the use of the model 

in clinical practice. In this paper, we illustrate that the area under the ROC curve or 

c-statistic has limited value in the evaluation of prediction models in reproductive 

medicine. We argue that calibration and prognostic classification are more relevant 

concepts for such models to guide clinical decision making. 

c-Statistic in diagnostic research

In principle, the aim of diagnostic testing is to distinguish diseased from non-

diseased patients. The diagnostic accuracy of a test is studied by comparing the 

result of the test under evaluation with the result of a reference standard in a series 

of patients, the latter being the best available method for classifying a patient as 

diseased or not. The results of the cross-classification can then be expressed as 
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the sensitivity and specificity of the test under evaluation. The sensitivity, or true-

positive fraction, reflects the proportion of diseased patients with a positive test 

result, whereas the specificity, or one minus the false-positive fraction, reflects the 

proportion of patients without the disease with a negative test result. 
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FIGURE 1. Typical ROC curve of a prediction model in reproductive medicine. This ROC curve 
derived from a paper in which a prediction model for pregnancy after IUI was externally validated, 
demonstrating an AUC of 0.56 (Custers et al., 2007). Sensitivity is defined here as the percentage 
of cycles not resulting in an ongoing pregnancy that was predicted correctly, and specificity was 
defined as the percentage of cycles that resulted in an ongoing pregnancy that was predicted 
correctly. Reprinted from Custers et al., (2007). Copyright 2007, with permission from Elsevier. 

In case the studied test is of a continuous nature, the sensitivity and specificity of 

the test depend on the cut-off value to define positive and negative test results. 

Sensitivities and specificities can be calculated over the whole range of possible 

cut-off values, where higher sensitivities are obtained at lower specificities and 

visa versa. The resulting series of sensitivity-specificity pairs is plotted as an ROC 

curve, showing the sensitivity versus the specificity for each possible cut-off value. 

The AUC indicates how well the test discriminates between diseased and non-

diseased patients. An AUC of 1 implies perfect discrimination; whereas an AUC 

of 0.5 means that the test does not discriminate at all (Hanley and McNeil, 1982). 

Assuming an error-free reference standard, every diagnostic test has the potential 

of being 100% discriminative. 
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c-Statistic in prognostic research 

Prediction models in reproductive medicine evaluate whether a combination of 

factors can predict the occurrence of pregnancy within a specified time period. 

In contrast to the situation in diagnostic testing, in which the disease is present at 

the moment of testing, pregnancy has not yet occurred at the time the potentially 

predictive factors are measured. Whether or not pregnancy occurs can be 

considered the outcome of a stochastic process occurring over time. This implies 

that the value of a test cannot be expressed by the proportion of patients who 

are pregnant at the time of testing, as this is essentially zero. The association has 

to be expressed in terms of the probability that pregnancy will occur in the future. 

This probability can be calculated for a single test or for a multivariable prediction 

model; the latter most often developed using Cox proportional hazard modelling. 

Such prediction models are often evaluated similar to diagnostic tests, using 

ROC curves and their AUC or c-statistic. In doing so, the calculated probability of 

pregnancy within a specified time period is regarded as the continuous test result, 

and the reference standard is the actual occurrence of pregnancy within that 

specified period of follow-up. Using different cut-off values for these probabilities 

yields a series of sensitivity and specificity pairs, through which an ROC curve can 

be drawn. For prediction models in reproductive medicine, the AUC or c-statistic 

reflects how well the model is able to distinguish those with a future pregnancy 

from those that will not achieve a pregnancy within the time frame specified, not 

the degree to which couples with a higher probability will conceive first.   

Although this may seem quite logical at prima facie, the crux of the matter is that 

perfect discrimination is achievable only if the population of subfertile couples 

consists of two distinct subpopulations: fertile couples that have not yet conceived 

but will do so in the near future and infertile couples guaranteed not to conceive. It 

is very unlikely that this is a fair representation of couples after an initial subfertility 

workup. Subfertility is not dichotomous in nature but a complex multifactorial 

phenomenon, corresponding to a gradual continuum of impaired reproductive 

capacity. Couples with very good pregnancy chances will rarely enter a subfertility 

workup, as they are the ones that usually have conceived spontaneously within 

12 months after the start of unprotected intercourse. Most couples with a causal 

diagnosis, the ones with poorest fertility prospects, are identified in the first part of 

the subfertility workup and treated accordingly. With the two extremes eliminated, 
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the remaining group of subfertile couples predominantly has an intermediate 

prognosis. 

When perfect discrimination is not achievable, the maximum value of the c-statistic 

depends on the underlying distribution of probabilities. The lower the variability 

of the probabilities, the lower the maximum value of the c-statistic will be (Gail 

and Pfeiffer, 2005; Cook, 2007). Among subfertile couples, defined as couples that 

have not conceived despite a year of unprotected intercourse, the probability 

to conceive spontaneously within the next 12 months is more or less normally 

distributed in couples with unexplained subfertility, with a mean probability of 

30% (van der Steeg et al., 2007). As the distribution of probabilities in couples that 

successfully conceive has considerable overlap with that of couples that are not 

successful, the maximum c-statistic that can be reached with any model is in the 

order of 0.62 (Gail and Pfeiffer, 2005; Cook 2007).

Calibration

So if pregnancy itself cannot be predicted with 100% accuracy, what then? We 

should realize that the modern approach in subfertility treatment is to offer tailored 

management to individual couples, in which treatment is offered only to couples 

who have poor chances of a spontaneous pregnancy. Ideally, early treatment in 

couples with high chances of natural conception should be avoided, as should 

the delay of treatment in couples with poor prospects of pregnancy. Such an 

approach could reduce costs and may prevent multiple pregnancies as well as 

other complications of assisted reproductive technologies (Steures et al., 2006). For 

this tailored treatment, a classification of couples is required. This classification will 

not be in terms of those that will become pregnant versus those that will not, as 

this is almost impossible. The relevant classification is one in terms of those for 

whom the probability of becoming pregnant with treatment, be it IUI or IVF, is 

sufficiently higher than the probability of becoming pregnant without treatment, 

versus those for which this is not the case. 

Prediction models in reproductive medicine should be judged on this capability. 

One necessary condition is that we should be able to trust calculated probabilities. 

The reliability of these model-based probabilities can be evaluated by inspecting 
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the calibration of the model: the degree to which calculated probabilities agree 

with actual observed event rates. The level of calibration of a prediction model 

can be explored by assigning couples to subgroups, based on the calculated 

probabilities, and then, after follow-up, comparing the average calculated 

probability in each subgroup with the proportion of couples that became 

pregnant. One way of assigning couples to subgroups is using deciles of calculated 

probabilities. A comparison of the mean probability in each subgroup versus the 

observed proportion can be plotted in a calibration plot, as in Fig. 2. In case of 

perfect calibration, all points in the calibration plot will be located on the diagonal, 

the line of equality. In the left plot, probabilities are well calibrated, whereas the 

middle and right plots in Fig. 2 show calculated probabilities that suffer from 

underestimation and overestimation, respectively. 
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FIGURE 2. Calibration plots with calculated probability on the X-axis and observed proportion 
on the Y-axis. The left plot shows perfect calibration. The middle plot demonstrates a model 
that tends to give underestimated probabilities, whereas the plot on the right shows systematic 
overestimation. 

A combination of perfect calibration and perfect discrimination can only be 

achieved with perfect prediction: a probability of 100% for all those with a future 

event, and a probability of 0% for all others. Such an extreme bimodal distribution 

is not very realistic in most applications, including subfertility (Ware, 2006; Cook, 

2007). In fact, there is a trade-off between calibration and discrimination. A 

simulation model showed that, assuming a realistic range of probabilities, the 

c-statistic for a perfectly calibrated model would be 0.83 at best (Diamond, 1992). 

Overlapping probability distributions in those with and those without the future 

event will usually prevent that maximum from being reached (Gail and Pfeiffer, 

2005). 

Prognostic classification

Although good calibration is very important, a well-calibrated model is not 

necessarily useful in subfertility care. Probabilities also need to have sufficient 

variability over a clinically useful range, as the essence of prediction models is 

their ability to correctly classify individuals into clinically useful risk strata (Cook 

et al., 2006; Cook, 2007; Ridker and Cook, 2007). Imagine a perfectly calibrated 

model that assigns a probability of achieving a treatment independent pregnancy 
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of 20%-30% to all subfertile couples, and a second perfectly calibrated model 

that assigns a probability of IVF success of 20%-30% in the same couples. That 

would probably lead to a recommendation of expectant management in all, 

which is likely to be erroneous, and the models would not allow us to identify 

couples that are better off with IVF, separating them from couples that are better 

off with expectant management.  For models to be useful, they need to not only 

be well calibrated, but also produce a clinically useful distribution in probabilities 

in the target population. If we believe that some couples are better off with IVF, 

both the spread of probabilities with expectant management and the spread of 

probabilities with IVF should be sufficiently wide and distributions should be well 

apart. Only then couples can be subdivided into prognostic categories to decide 

on the appropriate treatment policy. Various graphs and expressions of the range 

in calculated probabilities have recently been suggested in the literature. One 

example is the predictiveness curve, suggested by Pepe et al. (2007), which plots 

the cumulative distribution of the calculated probabilities in a group, and as such 

is a useful visual aid in expressing the relative variability in calculated probabilities. 

Research is emerging, and a debate has started, on the best ways to evaluate 

superiority of models for prediction (Pepe et al., 2007; Janes et al., 2008; Pencina et 

al., 2008). In most of these discussions, a change in the c-statistic is not regarded 

as the best statistic to measure an improvement in model performance (Cook, 

2007), as a substantial improvement in the c-statistic can only be achieved by 

unrealistically large associations between the predictor variables and outcome 

(Ware, 2006). Whereas odds ratios for diagnostic tests exceeding 30 or more are 

of no exception, odds ratios for prognostic tests rarely exceed 2 (Glas et al., 2003). 

Most importantly, a comparison of areas under the curve between prognostic 

models does not show us whether individual couples have a different prognosis in 

one model when compared with a second model. Regarding the latter, some have 

suggested examining how many couples are reclassified, i.e. reassigned from the 

group of those for whom expectant management is the better option to those for 

whom, say, IUI or even IVF is the better alternative. Ultimately, however, the value 

of prediction models should be based on outcome: to what extent does the use of 

models improve patient outcome, i.e. allow a couple to have a healthy pregnancy, 

at a reasonable balance with patient burden, morbidity and costs. 
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Conclusion

In reproductive medicine, prognostic models that perfectly predict pregnancy 

in subfertile couples, after natural conception or after assisted reproductive 

technologies, do not exist and most likely will never exist. Yet, properly calibrated 

models, with sufficient variability in calculated probabilities, can be used to support 

clinical decision making when the chances of a pregnancy with treatment have to 

be weighed against the chances of a pregnancy without treatment. The commonly 

used c-statistic or area under the ROC curve expresses only discrimination and is, 

as such, not a good measure of the extent to which predictive markers and models 

can guide decision making. To assess the clinical value of prediction models, 

calibration, variability in probabilities and, subsequently, the degree to which 

reclassification of these probabilities yield clinically relevant prognostic strata are 

more relevant criteria. 
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Abstract

BACKGROUND: Medical history taking as well as Chlamydia antibody titre 

(CAT) testing is currently used in the selection of patients for diagnostic 

laparoscopy with tubal patency testing. Most research has focused on 

the predictive value of CAT in isolation from medical history. We assessed 

therefore whether the combination of medical history and CAT testing 

improves the efficiency of selecting patients for laparoscopy as compared 

to the use of either medical history or CAT. 

METHODS: Data of 207 consecutive subfertile women were used to create 

multivariable logistic regression models for the prediction of tubal disease 

as diagnosed by diagnostic laparoscopy. 

RESULTS: The model with data of medical history only had an area under 

the receiver operating characteristic curve (AUC) of 0.65 (95% CI 0.56-0.74). 

Addition of CAT increased the AUC to 0.70 (95% CI 0.62-0.78) (P=0.065). CAT 

was positive in 40 women and showed a sensitivity of 0.37 (95% CI 0.26-

0.49) for a specificity of 0.88 (95% CI 0.82-0.93). In CAT positive women a 

blank medical history did not decrease the probability of tubal disease. Of 

the 167 women tested CAT negative, 23 (14%) still had a high probability 

of disease due to their medical history and 11 of them (48%) showed tubal 

abnormalities on diagnostic laparoscopy. 

CONCLUSIONS: CAT testing adds valuable information to a woman’s risk 

profile based on her medical history. The combination of medical history 

taking and CAT testing has a better yield for diagnosing tubal disease than 

either of these alone.
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Introduction

Tubal pathology affects approximately 15-30% of subfertile women (Evers, 2002). 

Currently, laparoscopy is considered to be the best available test for diagnosing 

tubal abnormalities. It allows direct visualization of the pelvis and, in addition to 

tubal patency testing, offers the opportunity to detect pelvic adhesions. However, 

laparoscopy does have several drawbacks. First, it is an invasive surgical procedure 

that requires general anaesthesia, both of which carry associated risks. Secondly, as 

an expensive investigation that requires operating time and dedicated personnel, 

its availability is not unlimited. Therefore, triage is needed to limit the number of 

unnecessary laparoscopies, while maintaining a high diagnostic yield.

Since it was reported in 1979 that women with positive Chlamydia IgG antibodies 

are more likely to have tubal pathology than those without (Punnonen et al., 1979), 

numerous studies have reported on the value of Chlamydia antibody titer (CAT) 

testing to predict tubal pathology. Based on these reports, the Dutch Society for 

Obstetrics and Gynaecology (NVOG) recommends the use of CAT as a first-line 

test in the basic work-up of subfertile couples, with a fixed cut-off level (IgG MIF 

>1:32 or ELISA >1.1) above which post-infectious pelvic disease should be ruled 

out with laparoscopy and chromotubation (Swart et al., 1995; NVOG, 2004).  The 

pre-test probability of disease of a woman, based on specific risk factors or other 

characteristics from the woman’s medical history is not formally taken into account. 

In contrast to the Dutch guideline, the guideline from the National Institute for 

Clinical Excellence (NICE) in the United Kingdom does not recommend CAT testing 

in the workup of subfertile women, but advises the use of past medical history in 

the woman to decide whether diagnostic laparoscopy should be performed or 

not (NICE, 2004). 

Most diagnostic test research is interpreted in isolation from its clinical context. 

However, this does not reflect daily clinical practice, in which the diagnostic 

investigation is a consecutive process always starting with history taking and 

physical examination, followed by laboratory tests and more invasive and costly 

tests such as imaging (Moons et al., 2004). With multivariable analysis one can 

reveal the “add-on” value of diagnostic tests (Moons and Grobbee, 2002), in this 

case the additional value of CAT testing. 
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The present study therefore aimed to explore the diagnostic consequences 

of medical history taking by itself as recommended by the NICE guideline, CAT 

testing, as recommended by the Dutch Society for Obstetrics and Gynaecology, 

and the combined interpretation of the results from medical history and CAT 

testing, which is intuitively used in daily practice by many clinicians. 

Materials and Methods

Patients
We used data from a previously reported study, in which 207 consecutive women 

referred for evaluation of subfertility underwent a diagnostic laparoscopy. 

Characteristics of included women and the materials and methods used in this 

study have been published previously (Logan et al., 2003). In brief: timing of tubal 

assessment was made on clinical grounds and was independent of the result of the 

CAT test. All couples had undergone assessment of ovulation and a semen analysis. 

Women who were physically unsuitable for laparoscopy or who had undergone 

a tubal patency test in the past (either hysterosalpingography or laparoscopy), as 

well as women with previous tubal surgery (including ectopic pregnancy) were 

excluded from the analysis. Before surgery, all women completed a standard 

questionnaire with regards to their demographic data and medical history. For 

CAT testing, a Chlamydia trachomatis-specific IgG antibody peptide-based ELISA 

(pELISA, Medac, Germany) was used. A positive IgG titer (>1.1) was indicative 

of a past infection. If the result was equivocal, an infection with C. trachomatis 

in the past could not be excluded and therefore positive and equivocal results 

were pooled. Tubal pathology (uni-or bilateral) was defined as the presence 

of adhesions involving the Fallopian tube and ovary, clubbing of the tube, 

hydrosalpinx or obstruction to the flow of dye in the absence of endometriosis, 

which was categorized as a separate entity according to the Revised American 

Fertility classification (American Fertility Society, 1985).

Data analysis
We developed multivariable logistic regression models to predict tubal pathology 

using the following data from the medical history: female age, number of previous 

term deliveries, previous induced abortion, type of subfertility (i.e. primary 

or secondary), duration of subfertility, history of pelvic inflammatory disease 

(PID), history of sexually transmitted disease, previous use of an intra-uterine 
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contraceptive device and prior non-gynaecological pelvic surgery. We evaluated 

the prognostic value of CAT both as a dichotomous and continuous variable. First, 

we checked the assumption of linearity between the continuous variables age, 

duration of subfertility, number of previous term deliveries and titer of CAT on 

the one hand and tubal pathology on the other hand visualized with smoothed 

piecewise polynomials (splines), and formally tested with a generalized additive 

model. As we found no significant deviations from linearity in the relationship 

with the outcome, it was not necessary to transform these continuous variables. 

Subclasses within categorical variables were dichotomized. For dichotomous and 

continuous variables, univariable beta coefficients (β), odds ratios (ORs) and 95% 

confidence intervals (95% CI) as well as P-values were calculated. In the univariable 

analysis, the P-value for statistical significance was set at < 0.05 in all analyses.

Subsequently, multivariable logistic regression analysis with a stepwise backwards 

selection procedure was used to construct the prediction models. Since the 

erroneous exclusion of a variable is more deleterious for a model than including 

too many factors (Mol et al., 2000; Steyerberg et al., 2000), we used a significance 

level of 30% for entry in the multivariable model and a significance level of 20% to 

stay in the model. 

To adjust for overfitting, we performed internal validation with bootstrapping. 

Bootstrapping is a technique to evaluate the robustness of the model by 

simulating sampling variation in repeated samples from the study population. 

Cases are selected randomly from the original sample to create a new sample 

of the same size. As cases are drawn with replacement, some cases may be 

randomly selected multiple times and others not at all (Steyerberg et al., 2001). 

We generated 500 bootstrap data sets in which the same multivariable logistic 

regression model was estimated. By analyzing the difference between the 

models based on the original dataset and the bootstrap estimates, a shrinkage 

factor was calculated and used to correct the original model coefficients and 

associated probabilities for overfit.

We developed two models. The first model (“clinical history” model) was based on 

items from medical history only. In the second model (“clinical history and CAT” 

model) previous infection with C. trachomatis as determined with CAT ELISA was 

combined with medical history. This second model was developed to explore 

what the result of CAT adds to the information already obtained from medical 
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history taking. To make comparisons, as a third “model”, CAT was dichotomized into 

positive or negative test results, as recommended by the Dutch guideline. 

The discriminative capacity of the two constructed models was evaluated with 

receiver operating characteristic (ROC) curve analysis, in which the area under the 

curve (AUC) was calculated. Accuracy of CAT was plotted into the ROC curve as a 

comparison. Sensitivity was defined as the number of women with tubal pathology 

that was predicted correctly, and specificity was defined as the number of women 

without tubal pathology predicted correctly. Calibration of the model, which is the 

agreement between predicted and observed probabilities, was evaluated with the 

goodness-of-fit Hosmer and Lemeshow test statistic and by visual inspection of 

the calibration plots. Finally, we explored the diagnostic consequences of different 

strategies. Data were analyzed using SPSS 12.0.1 (SPSS Inc., Chicago, IL, USA) and 

S-PLUS 2000 (MathSoft Inc.)

Results

The prevalence of tubal pathology was 30.4% (63/207). Demographic data of 

included women have been published elsewhere (Logan et al., 2003).  In the 

univariable analysis, a higher number of previous term deliveries, a history of PID, 

and a positive CAT were statistically significant predictors of tubal pathology. The 

other variables were not statistically significant associated with tubal subfertility 

(Table I). Four predictive variables, i.e. the number of previous term deliveries, 

duration of subfertility, a history of PID and previous non-gynaecological pelvic 

surgery were found to be associated with tubal pathology at a P-level of <0.20 in 

the “clinical history” model (Table I).

The backward logistic regression selection procedure excluded duration of 

subfertility due to a P-value of 0.38 in the “clinical history and CAT” model. However, 

as one of the aims of the present study was to compare medical history taking 

with an integrated approach of history taking and CAT testing, exclusion of this 

variable in the second model would have prohibited this exploration. Analysis 

of the regression coefficients and 95% CI for the OR of this variable showed that 

duration of subfertility only had a minor contribution towards the estimated 

probabilities. To allow comparison, we therefore decided to force duration of 
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subfertility into the second model (Table I). The possible additional value of use 

of CAT as a continuous variable in the prediction model was explored, but did not 

improve the discriminatory capacity (data not shown). As a result, CAT was used as 

dichotomous variable in the “clinical history and CAT” model.

TABLE I. Results of the uni- and multivariable analysis

Univariable analysis Multivariable analysis
clinical history model ¶

Multivariable analysis 
clinical history and CAT 

model ¶¶

Variable OR 95% CI P OR 95% CI P OR 95% CI P

Age (per year) 1.03 0.96-1.09 0.44

Number of deliveries 2.05 1.23-3.43 0.006 2.14 1.27-3.63 0.004 2.05 1.17-3.58 0.01

Induced abortion 1.59 0.77-3.29 0.21

Secondary infertility 1.59 0.87-2.88 0.13

Duration of subfertility 1.02 1.00-1.03 0.08 1.01 1.00-1.03 0.11 1.01 1.00-1.03 0.38

History of PID 3.48 1.06-11.4 0.04 3.28 0.95-11.3 0.06 3.27 0.88-12.2 0.08

History of STD 1.15 0.33-3.98 0.82

IUCD use in history 2.40 0.67-8.59 0.18

Pelvic surgery 2.93 0.86-9.97 0.09 3.18 0.89-11.4 0.08 4.49 1.10-14.7 0.03

CAT positivity 4.30 2.09-8.83 <0.001 4.07 1.88-8.81 <0.001

OR = odds ratio ¶ Backward selection procedure
CI = confidence interval  ¶¶ Backward selection procedure with forced entry of duration of subfertility
P = p-value

Internal validation with bootstrapping showed a 17.5% overfit for the clinical 

history model, and a 14% overfit for the “clinical history and CAT” model. Therefore 

the regression coefficients of the model variables were corrected with these 

shrinkage factors. 

The ROC curves of the two models are shown in Fig. 1. The “clinical history” model 

showed an AUC of 0.65 (95% CI 0.56-0.74). “The clinical history and CAT model” 

increased the AUC to 0.70 (95% CI 0.62-0.78) (P=0.065) (De Long et al., 1988). As 

a comparison, the performance of CAT alone –sensitivity 37% (95% CI 26-49), 

specificity 88% (95% CI 82-93) - is plotted in the ROC space. 

Calibration of the models was acceptable, as confirmed with the Hosmer and 

Lemeshow goodness-of-fit test statistic. This test statistic had a P-value of 0.30 for 

the “clinical history” model and a P-value of 0.35 for the “clinical history and CAT” 

model. Tables IIa and IIb show the agreement between different categories of 

predicted and observed probabilities in the two prediction models. Both models 

show an acceptable agreement between the mean predicted probabilities and 
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the observed probability of tubal pathology. However, above a 30% predicted 

probability, both models underestimate the chance of disease.  In Tables IIa and IIb 

the categories of predicted probability of the “clinical history” and “clinical history 

and CAT” model are also cross-tabulated against the results of laparoscopy and 

CAT. Using the “clinical history model”, 28 women that tested CAT positive, are 

classified as having a predicted probability of tubal pathology <30%. However, 

12 of these 28 women (43%) still showed abnormalities at laparoscopy (Table IIa). 

Using the “clinical history and CAT model” the same 28 women that would have 

been classified as low risk patients based on clinical history only, shift to a high 

risk classification (i.e. a predicted probability of tubal disease >30%) (Table IIb). On 

the other hand, Table IIb also shows that among the 167 women who tested CAT 

negative, 23 (14%) still had a predicted probability of >30% of tubal disease due to 

their medical history. In this selected group of CAT negative women 48% (11/23) 

still showed tubal abnormalities on diagnostic laparoscopy. 
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FIGURE I. Receiver operating characteristic curves of the multivariable logistic regression 
models for the prediction of tubal pathology in subfertile patients.
- - - - -  = CAT
-–-–-–-   = clinical history model
____   = clinical history + CAT model
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TABLE IIa. The classification of women according to their predicted probabilities, cross-tabulated 
against the results of laparoscopy and univariable CAT testing. 

CAT positive CAT negative

Predicted 
probability*

Diseased Non-
diseased

Diseased Non-
diseased

Total Mean predicted 
probability

Observed 
probability

10-20% 8 7 15 76 106 18% 21%

20-30% 4 9 12 34 59 25% 27%

30-40% 2 1 6 11 20 35% 40%

>40% 9 0 7 6 22 50% 73%

Total 23 17 40 127 207

40 167 207

* Probability calculated from the “clinical history” model

TABLE IIb. The classification of women according to their predicted probabilities, cross-tabulated 
against the results of laparoscopy and univariable CAT testing.

CAT positive CAT negative

Predicted 
probability**

Diseased Non-
diseased

Diseased Non-
diseased

Total Mean predicted 
probability

Observed 
probability

10-20% 0 0 22 91 113 15% 19%

20-30% 0 0 7 24 31 24% 23%

30-40% 9 11 7 9 36 37% 44%

>40% 14 6 4 3 27 57% 67%

Total 23 17 40 127 207

40 167 207

** Probability calculated from the “clinical history and CAT” model

To show the consequences of medical history taking by itself, CAT testing alone 

by itself, and a combination of medical history taking and CAT testing, diagnostic 

and clinical parameters are listed in Table III. For comparison, the consequences of 

performing diagnostic laparoscopy in all women without any selection strategy are 

shown in the first column. The number of laparoscopies that has to be performed 

to detect one woman with tubal pathology is comparable when using history, 

CAT or history and CAT and much lower than without any workup. However, the 

detection rate of tubal pathology (true positive rate) is highest when using the 

combined model (54% versus 38 and 37% respectively). 
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TABLE III.

Diagnostic parameter All LS* probability >30% by 
history LS 

positive 
CAT LS

probability >30% by 
history and CAT LS

Number of laparoscopies 207 42 40 63

Tubal disease diagnosed 63 24 23 34

Tubal diseased missed 0 39 40 29

Unnecessary laparoscopies 144 18 17 26

NND** 3.3 1.8 1.7 1.9

Sensitivity NA 38% 37% 54%

Specificity NA 88% 88% 80%

* Laparoscopy
** Number needed to diagnose: number of laparoscopies needed to detect one abnormality. 

Discussion

In this study we evaluated the efficiency of medical history taking, CAT testing, 

and a combination of both in selecting women for laparoscopy to detect tubal 

pathology. We found that the discriminative capacity of the “medical history” model 

did not differ from that of CAT testing alone. However, combined interpretation of 

both history and CAT identified the women at highest risk for tubal disease, and 

increased sensitivity for a similar specificity. In CAT positive women, the probability 

of tubal disease is so high that a prompt diagnostic laparoscopy is indicated, 

irrespective of whether the woman has a suspect or non-suspect medical history. 

A small subgroup of CAT negative women (14%) still have a high probability of 

tubal disease due to their history, and laparoscopy will identify tubal abnormalities 

in around half of these women. The majority of women (70%) in this cohort were 

classified as having a probability <30% of tubal disease due to a negative CAT 

status and a non-suspect clinical history. Since 80% of these women will show no 

tubal abnormalities, laparoscopy in these women can be deferred.

Our study has some limitations. First, both our study cohort and the actual number 

of patients with positive factors in the medical history were relatively small. This 

limits the statistical power of this study and leads to relatively large confidence 

intervals. However, the strength of using this cohort of women is the fact that 

the decision to perform a diagnostic laparoscopy was irrespective of the result of 

CAT. This makes it possible to obtain estimates of diagnostic performance without 

partial verification bias, a limitation encountered in many other diagnostic studies 

on this subject (Logan et al., 2003; Whiting et al., 2004). 
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A second limitation of this study is the fact that we dichotomized the result of 

the CAT ELISA assay. A progressive increase in the likelihood of tubal pathology 

in patients with a higher titre of the Chlamydia antibody test has been shown for 

microimmunofluorescence (MIF) tests (Thomas et al., 2000), as well as for ELISA 

(Tanikawa et al., 1996). The antibody titres of women in our cohort showed only 

little diversity, as a result of which we were not able to demonstrate this relation 

in the present study. It may be possible that use of a MIF test would have resulted 

in a larger diversity between IgG titres of the patients, leading to extra diagnostic 

information if incorporated into the prediction model. MIF tests however have 

been shown to suffer from a significant amount of cross-reactivity with Chlamydia 

pneumoniae. Furthermore, interpretation of these tests is subject to inter-observer 

variation (Gijsen et al., 2001; Land et al., 2003). Moreover, a recent study showed the 

pELISA used in this study to be the one most specific for a previous C. trachomatis 

infection (Land et al., 2003).

A third limitation concerns our definition of tubal pathology. Broad criteria were 

used, namely presence of adhesions involving the Fallopian tubes and ovaries, 

clubbing of the tubes and hydrosalpinges or obstruction to the flow of dye, 

irrespective of severity or whether the pathology was uni- or bilateral. Previous 

studies have shown that the diagnostic performance of CAT increases when the 

label “tubal disease” is limited to the more severe cases (Land et al., 1998). Due to a 

low number of women with bilateral tubal disease in this study, we were unable to 

restrict our analysis to these cases.

Detection of endometriosis by laparoscopy was not part of the intention to screen 

by medical history, since CAT will be unable to predict adhesions or damage due 

to endometriosis. Although this approach might be open to debate, this has 

been done previously in studies on the subject (Akande et al., 2003; Logan et al., 

2003). Data on the capacity of medical history to predict endometriosis have been 

published previously (Calhaz-Jorge et al., 2004).

One previous study has attempted to predict tubal pathology by means of a 

multivariable logistic regression model (Hubacher et al., 2004). Women were 

divided into a ‘high probability’ and ‘low probability’ group based on a logistic 

regression model that included four variables, namely previous symptoms of PID, 

vaginal discharge, lower genital tract infection, and presence of antibodies to C. 
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trachomatis. The results demonstrated a sensitivity of 84% with a specificity of 29%. 

The authors concluded that “the role of history taking in the evaluation of women 

with tubal factor infertility is limited”. Although clinical history does not have the 

ultimate discriminative power to distinguish between patients with and without 

tubal pathology, we have demonstrated in the present study that it can be used to 

create individualized patient risk profiles and have shown the additional value of 

CAT testing upon medical history taking. 

In our study we included women with both uni- and bilateral tubal disease. 

Unilateral tubal occlusion or tubo-ovarian adhesions may compromise fertility 

prospects moderately, but only bilateral tubal occlusion is known to virtually 

exclude all possibility of a spontaneous pregnancy (Mol et al., 1999). Therefore, 

it is questionable whether all women with minor tubal pathology should be 

labelled as having tubal disease. To date, no evidence-based policies for the 

treatment of unilateral tubal disease have been published (Ahmad et al., 2006), 

and therefore detection of one-sided tubal disease is unlikely to result in a major 

shift in treatment. Since most of these women have a low predicted probability 

of disease, postponing laparoscopy in these women may allow them to conceive 

spontaneously (van der Steeg et al., 2007), thereby making laparoscopy redundant. 

Unfortunately, we did not have data about treatment independent pregnancy 

rates in this cohort of patients, and cannot answer this question. 

Our model allows differentiation between women with a high predicted chance 

of tubal pathology and women with a low chance. What probability of diagnostic 

uncertainty is acceptable for women is not known at the moment. It may be 

possible that women prefer to have 100% certainty about their tubal integrity. 

In that case, since no workup will ever be 100% accurate all women will require 

diagnostic laparoscopy. This will increase costs and enlarge the pool of women 

with a diagnosis of minimal pathology of questionable prognostic significance 

(Collins et al., 1995). Use of a multivariable prediction model including history and 

CAT allows a conjoint decision of whether or not to perform a laparoscopy, based 

on the woman’s as well as doctor’s preferences. Depending on these preferences, 

one could perform a diagnostic laparoscopy in case of a high predicted 

probability, postpone laparoscopy for several months in cases where the predicted 

probability is low, or use a less invasive alternative, i.e. hysterosalpingography or 

hysterosalpingo-contrast-sonography. Women should be adequately informed 
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regarding the chance of delaying the diagnosis in case of low predicted probability 

and negative CAT status.

In this study, we explored the value of medical history taking and Chlamydia 

antibody testing in predicting tubal subfertility by constructing diagnostic 

prediction models. Whether the use of such models is feasible and clinically 

effective in daily routine practice is not known. Further research will have to 

evaluate women’s preferences regarding the trade-off between likelihood 

of detecting tubal pathology and the risks and discomfort associated with a 

potentially unnecessary diagnostic laparoscopy. 

In conclusion, combined use of medical history taking and CAT testing has a 

superior diagnostic accuracy than one of these alone. CAT testing adds additional 

predictive value to a woman’s medical history risk profile. 

Appendix:
The chance of a patient of having tubal pathology can be calculated with the following formula: 
probability of tubal pathology = 1/[1+ EXP(-β)] in which the β for the different models are: 
“clinical history” model: beta = -1.764 + (0.629*number of term deliveries) + (0.0116*duration of 
subfertility) + (0.979*positive history of PID) + (0.955*history of non-gynaecologic pelvic surgery). 
“history+cat” model: beta = -1.874 + (0.616*number of term deliveries) + (0.0069*duration of 
subfertility) + (1.020*positive history of PID) + (1.201*history of non-gynaecologic pelvic surgery) 
+ (1.208*positive CAT). 
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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 abnormalities.

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 disorders and sperm defects (Evers, 2002). Therefore, in UK and 

Dutch guidelines, tubal patency testing is a part of the fertility workup (National 

Institute of Clinical Excellence 2004; Nederlandse Vereniging voor Obstetrie 

en Gynaecologie, 2004). The most frequently used and widely accepted tests 

for this are hysterosalpingography (HSG) and diagnostic laparoscopy with 

chromopertubation. 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 
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Gynaecology. The details of this workup have been described in detail elsewhere 

(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 ultrasonographic 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*106), were also excluded from the present analysis. 

For each couple, we registered referral status (by a general practitioner or 

gynaecologist), duration 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 relationships, including 

whether these resulted in an ectopic pregnancy, legally induced abortion, 

spontaneous 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 asymptomatic. 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 transvaginal hydrolaparoscopy (THL), depending on the local protocol 
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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 bilaterally 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 

evaluated 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 abnormalities were classified as diseased, 

while women with uni- or bilaterally normal tubes were considered to be non-

diseased. The latter model will be referred to as the ‘bilateral pathology model’. 

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 piecewise 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 
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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 calculated 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 transformed 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 inclusion.

In total, 3716 women underwent 2752 hysterosalpingographies, 1527 diagnostic 

laparoscopies and 160 transvaginal hydrolaparoscopies (Fig. 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 procedures. 
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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 

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 relationship (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 between most continuous variables and the probability of 

both outcomes was approximately linear. A non-linear relationship was observed 
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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 I. Baseline characteristics of the 3716 included couples

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

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 pregnancy 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). 

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, and history of Chlamydia infection, ectopic pregnancy 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. 

23138 Coppus.indd   86 28-09-12   14:55



Medical history models for tubal pathology

87

 5

TA
B

LE II. Results of the uni- and m
ultivariable analysis

Variab
le
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y
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y

U
n

ivariab
le an

alysis
M

ultivariab
le an

alysis
U

n
ivariab

le an
alysis

M
ultivariab

le an
alysis

O
R

95%
C

I
P value

O
R

95%
 C

I
P value

O
R

95%
 C

I
P value

O
R

95%
 C

I
P value

Referral by gynaecologist
1.52         

1.14-2.02     
0.005     

1.79
1.24-2.59

0.002
1.47

1.00-2.17
0.05

Fem
ale age

o 
per year <

 32
o 

per year >
 32

1.00    
1.04

0.97-1.04
1.01-1.07

0.98
0.02

1.02
1.04

0.97-1.07
1.00-1.09

0.41
0.06

1.06
1.01-1.12

0.02

M
ale age (per year)

1.00
0.98-1.02

0.98
0.98

0.97-1.01
0.25

0.96
0.94-0.99

0.004

C
hild w

ish (per year)
1.11

1.06-1.18
<

0.001
1.09  

1.03-1.16
0.002

1.18
1.11-1.26

<
0.001

1.15
1.08-1.23

<
0.001

Previous IU
I treatm

ent
0.91

0.57-1.46
0.70

0.91
0.47-1.76

0.79

Previously conceived
o 

current relation
o 

only m
ale partner in previous 

relation
o 

only fem
ale partner in previous 

relation
o  

both partners in previous 
relation

1.14
1.51

1.29

2.56

0.95-1.36
1.07-2.12

0.96-1.75

1.35-3.20

0.15
0.02

0.09

<
0.001

1.59

2.01

1.12-2.27

1.30-3.12

0.01

0.002

0.76
1.47

1.34

2.87

0.59-1.00
0.93-2.33

0.89-2.00

1.79-4.60

0.05
0.10

0.25

<
0.001

0.77

2.39

0.58-1.03

1.44-3.95

0.08

0.001

D
ysm

enorrhoea
1.10

0.92-1.31
0.29

1.35
1.06-1.71

0.01
1.29

1.01-1.65
0.04

Fem
ale sm

oking
1.35

1.12-1.62
<

0.001
1.73

1.35-2.21
<

0.001
1.35

1.03-1.77
0.03

M
ale sm

oking
1.36

1.15-1.62
<

0.001
1.22

1.02-1.46
0.03

1.64
1.30-2.07

<
0.001

1.33
1.03-1.72

0.03

H
istory of PID

2.90
1.96-4.28

<
0.001

2.03
1.34-3.09

0.001
3.90

2.50-6.08
<

0.001
2.66

1.65-4.29
<

0.001

H
istory of C

hlam
ydia 

2.08
1.54-2.80

<
0.001

1.67
3.59-10.2

<
0.001

2.69
1.88-3.87

<
0.001

1.90
1.28-2.82

0.002

H
istory of ectopic pregnancy

9.73
 5.9-16.0

<
0.001

6.06
3.59-10.2

<
0.001

3.17
1.80-5.60

<
0.001

3.78
1.74-8.18

0.001

H
istory of induced abortion

1.57
1.19-2.07

0.002
1.34

0.98-1.83
0.07

1.51
1.04-2.21

0.03

H
istory of m

iscarriage or life birth
1.07

0.90-1.28
0.44

0.93
0.73-1.20

0.58

Pelvic surgery excluding Caesarean section
3.19

2.57-3.98
<

0.001
2.23

1.79-2.79
<

0.001
1.87

1.41-2.48
<

0.001
1.40

1.02-1.92
0.004

TM
C

 (*10*10^
6/l)

1.00
1.00-1.01

0.56
1.00

1.00-1.01
0.63
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The calibration of the model for any tubal pathology is shown in Fig. 2A, and that 

for bilateral tubal pathology in Fig. 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. 
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FIGURE 2. Calibration plot of the decision rule for uni- or bilateral tubal pathology (left) or 
bilateral tubal pathology (right)

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 Fig 3. 

The consequences of the use of the clinical decision rules are shown in Table IIIa 

and IIIb. 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 
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disease. Increasing the cut-off to a higher pre-test probability of tubal pathology 

at which tubal patency testing is performed will result in fewer procedures, 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.

TABLE IIIA. Diagnostic consequence of use of decision rule for bilateral tubal pathology.  

Strategy Number 
of women 

undergoing 
invasive tubal 

testing

Number (%) 
of tested 

women with 
bilateral tubal 

pathology

Reduction 
of number 
of invasive 
tubal tests

NND* 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 probability 
of bilateral tubal 
pathology >5%

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

Test if probability 
of bilateral tubal 
pathology >10%

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

Test if probability 
of bilateral tubal 
pathology >15%

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

*NND: Number of tubal tests needed to diagnose one woman with bilateral tubal disease

TABLE IIIB. Diagnostic consequence 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

NND* 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 probability of any 
tubal pathology >15%

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

Test if probability of any 
tubal pathology >20%

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

Test if probability of any 
tubal pathology >25%

547 (15%) 208 (38%) 3169 (85%) 2.6 2696 (85%) 473 (15%)

*NND: Number of tubal tests needed to diagnose one woman with any tubal disease
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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 probability that tubal testing would reveal a cause for their 

subfertility, the accuracy of the numeric probability (calibration) is relevant, less so 

the fact of having tubal disease or not (discrimination). 

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 
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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 already has a poor 

chance of achieving a treatment independent pregnancy (van der Steeg et al., 2007). 
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FIGURE 3. Score chart of the bilateral and any tubal pathology models to estimate the probability 
of tubal disease. (A) Calculation of the sumscore; (B) Probability of disease corresponding to this 
sum score. Upper line indicates the probability of any tubal pathology. Lower line indicates the 
probability of bilateral disease.
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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 relationship cannot causally be related to female tubal damage, it is possible 

that these male characteristics 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 
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couple’s first consultation. They could be used to select women for tubal testing 

more efficiently. 

Appendix
The chance of tubal pathology can be calculated from the multivariable models with the 
formula: probability = 1/[1 + exp(-β)], where the β for the different models are:

‘any tubal pathology’ model: β = -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: β =  -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).
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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 questioned 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. 

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 date of last contact, when the woman was not pregnant or at 

the start of treatment. Kaplan-Meier curves for the occurrence of spontaneous 

intrauterine pregnancy were constructed for patients without tubal pathology, 

for those with unilateral tubal pathology and for patients with bilateral tubal 

pathology at HSG or laparoscopy. Multivariable Cox regression analysis was 

used to calculate fecundity rate ratios (FRRs) to express associations between 

tubal pathology and the occurrence of an intrauterine pregnancy.

RESULTS: Of the 3301 included patients, 2043 underwent HSG only, 747 

underwent diagnostic laparoscopy only 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 interval (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 or laparoscopy 

had a moderate reduction in pregnancy chances, whereas those with bilateral 

tubal pathology at HSG or 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 for natural 

conception.
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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 of 

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 tests 

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 diagnostic 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, IUI or 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 

(DLS) and dye, a moderate reduction of natural pregnancy chances in case 
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of unilateral tubal pathology and a severe reduction in case of bilateral tubal 

pathology have been observed (Mol et al., 1999a). However these studies were 

retrospective 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 the 

HSG showed two-sided tubal abnormalities. 

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 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 temperature chart, midluteal 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. 
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Only those women who underwent 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 time 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 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-positive 

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 a supine position 

during the whole procedure. X-ray photographs were taken. Spasmolytic 

drugs were allowed to be used. Each HSG was evaluated 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 
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two-sided tubal occlusion and proximal- or distal tubal occlusion. Additional 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 end-point in this study was a spontaneous ongoing pregnancy at 

12 weeks of gestational age, confirmed by ultrasonography. The first day of the 

last menstrual cycle was considered to mark the end of time until spontaneous 

conception. Time to pregnancy was censored at the moment treatment (IUI, IVF 

or tubal surgery) started within 12 months after counseling, or at the last date of 

contact during follow-up, when the couple had no ongoing pregnancy. 

To examine if proximal occlusions identified at HSG or laparoscopy had a different 

prognostic effect on treatment-independent pregnancy than distal occlusion / 

hydrosalpinx or hydrosalpinges, ongoing pregnancy rates were scored in relation 

to the findings of tubal testing at HSG and laparoscopy. 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 for women with two-sided tubal pathology, irrespective of their 

nature. Subsequently, adjusted fecundity rate ratios (FRRs) and 95% confidence 

intervals (CIs) were calculated through multivariable Cox regression modeling. 

These FRRs express the instantaneous probability 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). 
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In case a woman had been evaluated both with HSG and DLS, 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 women who underwent both HSG and laparoscopy, we classified 

tubal pathology as no abnormalities, unilateral pathology and bilateral pathology 

and subsequently constructed 3 x 3 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 ovulatory cycle, 636 men (8%) had severely impaired semen quality and 

196 couples (2.5%) had previously 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 DLS as part of 

their fertility work-up, leaving 3301 women (42%) for this analysis (Fig. 1).

The baseline characteristics of the 3301 couples are shown in Table I. Median 

duration of subfertility at HSG was 1.8 years (5th-95th percentiles: 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 percentile: 1.4-16.8). Of 

the 3301 women in the analysis, 2043 underwent HSG, 747 women 

underwent DLS and in 511 women the tubal status was evaluated with both.

In 1626 of the HSGs (64%) a water-based contrast medium was used and in 359 

of the HSG’s (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 II and III. 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.
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TABLE I. Baseline characteristics of 3301 couples at time of procedure 

HSG (n=2554) Diagnostic laparoscopy (n=1258)

Mean/Median* 5th-95th percentiles Mean/Median* 5th-95th percentiles

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) (%)
Time to tubal test (months) †

1568
3.0*

61.4
1.0- 11.4

806
5.9*

64.1
1.4- 16.8

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

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 one 

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 (Fig. 2). The number of patients, who were still 

under study at 6 and 12 months, respectively was 800 and 240 after HSG. For 

laparoscopy these numbers were 243 and 81, respectively. In those with unilateral 

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 to 74 and 

24 after laparoscopy.

TABLE II. Fertility outcome after HSG

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.

In 511 patients both HSG and laparoscopy were performed. Tubal status detected 

at HSG compared to tubal status detected at laparoscopy is shown in table IV. HSG 

showed one-sided tubal occlusion in 153 (30%) and two-sided tubal occlusion 
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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.

TABLE III. Fertility outcome after laparoscopy.

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 occlusion 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/ hydrosalpinx/
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

After HSG, the presence of unilateral impaired flow and unilateral occlusion 

showed no significant 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 II). 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 identified 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 to 0.34 in case of bilateral distal 

occlusion, with a wide and overlapping CI in the latter (Table III). We therefore 

classified tubal pathology into three main categories, namely no tubal pathology, 

unilateral tubal pathology and bilateral tubal pathology. 
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Using this classification, the results of the uni- and multivariable Cox regression 

analysis are shown in Table V. 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 IV. Tubal status detected at HSG as compared to the tubal status detected at laparoscopy.

                                   Laparoscopy Two-sided occlusion One-sided occlusion No occlusion Total

HSG

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

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 to 1.00) and 0.78 (95% CI: 0.64 to 0.95) 

for HSG and laparoscopy respectively. Kaplan-Meier analyses of the cumulative 

probability of spontaneous intrauterine pregnancy up to I year are shown in Fig. 2a 

for HSG and Fig. 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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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 laparoscopy.

Results of the Kaplan-Meier analysis 
for laparoscopy (DLS). Black line 
represents bilateral normal DLS. 
light grey line represents one-
sided abnormal DLS. Dark grey line 
represents women with a bilateral 
abnormal DLS. Crosses indicate 
censored data.
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TABLE V. Results of the uni- and multivariable Cox regression analysis 

                                      N (%)      

Univariable analysis Multivariable analysis

HSG HSG

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 subfertility 
(years)

0.89 0.89-0.99 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 subfertility 1.41 1.15-1.72 <0.001 1.53 1.24-1.88 <0.001

N (%)

Laparoscopy Laparoscopy

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 subfertility 
(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 subfertility 1.66 1.13-2.46 0.01 1.78 1.19-2.66 0.005

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 I 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 moderately worse than those without 

tubal pathology. Both imaging tests showed a comparable reduction in FRRs for 

unilateral as well as for bilateral tubal pathology. 

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 for the detection of natural 

pregnancy, but we were unable to detect such a difference. For this reason we 

classified the findings at HSG and laparoscopy into three main groups, namely 
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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 to 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., 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 to 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 unilateral 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 
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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.

Of notice is the lack of agreement between HSG and laparoscopy in those patients 

who underwent 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, emphasising 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 treatment-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 to 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 randomised 

trial did not show an improved pregnancy outcome if diagnostic laparoscopy 
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was routinely performed after normal HSG and before treatment with intrauterine 

insemination (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. Furthermore, 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 limitations 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 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 prognostic factors are age of the woman, duration of subfertility 

and whether or not the couple has 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: The relation between Chlamydia trachomatis infection and 

subsequent tubal damage is widely recognized. As such, C. trachomatis 

antibody (CAT) testing can be used to triage women for immediate tubal 

testing with hysterosalpingography (HSG) or laparoscopy. However, once 

invasive tubal testing has ruled out tubal pathology, CAT serology status is 

ignored, as its clinical significance is currently unknown. This study aimed 

to determine whether positive CAT serology is associated with lower 

spontaneous pregnancy rates in women in whom HSG and/or diagnostic 

laparoscopy showed no visible tubal pathology.

METHODS: We studied ovulatory women in whom HSG or laparoscopy 

showed patent tubes. Women were tested for C. trachomatis immunoglobulin 

G (IgG) antibodies with either micro-immunofluorescence (MIF) or an ELISA. 

CAT serology was positive if the MIF titre was ≥ 1:32 or if the ELISA index was 

> 1.1. The proportion of couples pregnant without treatment was estimated 

at 12 months of follow-up. Time to pregnancy was considered censored at 

the date of the last contact when the woman was not pregnant or at the 

start of treatment. The association between CAT positivity and an ongoing 

pregnancy was evaluated with Cox regression analyses.

RESULTS: Of the 1882 included women without visible tubal pathology, 338 

(18%) had a treatment- independent pregnancy within 1 year [estimated 

cumulative pregnancy rate 31%; 95% confidence interval (CI): 27%-35%]. 

Because of differential censoring after 9 months of follow-up, regression 

analyses were limited to the first 9 months after tubal testing. Positive C. 

trachomatis IgG serology was associated with a statistically significant 33% 

lower probability of an ongoing pregnancy [adjusted fecundity rate ratio 

0.66 (95% CI 0.49 to 0.89)]. 

CONCLUSIONS: Even after HSG or laparoscopy has shown no visible tubal 

pathology, subfertile women with a positive CAT have lower pregnancy 

chances than CAT negative women. After external validation, this finding 

could be incorporated into existing prognostic models.
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Introduction

The devastating effect of Chlamydia trachomatis infections on the female 

reproductive tract is widely recognized (Paavonen and Eggert-Kruse, 1999). The 

diagnostic value of C. trachomatis immunoglobulin G (IgG) antibody titre (CAT) 

testing has been studied extensively, showing fairly good screening properties. In 

the Netherlands, this has resulted in a recommendation to include CAT testing as 

part of the routine fertility workup of subfertile couples (NVOG, 2004). 

CAT is mainly used to identify women at high risk of tubal pathology and to 

triage them for further tubal testing (Coppus et al., 2007a).  CAT serology status is 

ignored however, once invasive testing has ruled out tubal pathology, as its clinical 

significance is currently unknown. The causal relationship between Chlamydia 

infections and tubal factor subfertility has been well established, but the question 

whether positive CAT serology is associated with lower pregnancy rates has 

been studied less often. It has been postulated that Chlamydia infections have 

a detrimental effect on the endometrium resulting in impaired implantation and 

lower pregnancy rates (Witkin, 1999; Neuer et al., 2000). Yet studies examining the 

association between elevated C. trachomatis IgG antibody levels and pregnancy 

rates in an IVF population were not uniformly conclusive. Whereas some studies 

suggested a lower implantation and a lower ongoing pregnancy rate (Rowland 

et al., 1985; Lunenfeld et al., 1989; Witkin et al., 1994; Pacchiarotti et al., 2009), other 

work suggested that IVF outcome was not associated with CAT status (Osser et al., 

1990; Tasdemir et al., 1994; Claman et al., 1996; Sharara et al., 1997; Spandorfer et al., 

1999). 

 

The prognostic value of C. trachomatis antibodies on spontaneous pregnancy 

rates in subfertile women is equally uncertain. To the best of our knowledge, four 

previous studies have examined this relation, with conflicting results (Idahl et al., 

2004; Kelz et al., 2006; Perquin et al., 2007; El Hakim et al., 2009). As a consequence, it 

is still unclear whether positive CAT serology is associated with lower spontaneous 

pregnancy rates once invasive tubal testing has ruled out tubal pathology. The 

objective of this study was to assess in a prospective consecutive series of subfertile 

couples, whether evidence of a past Chlamydia infection affects the probability of 

spontaneous pregnancy in women without visible tubal pathology. 
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Materials and Methods

Patients
Between January 2002 and February 2004, consecutive couples presenting at the 

fertility clinics of 38 hospitals in The Netherlands were invited to participate in a 

prospective cohort study. Institutional Review Board approval for this study was 

obtained from each participating hospital. For all couples, a thorough medical 

history was taken, including previous pelvic inflammatory disease (PID) and 

Chlamydia infection (Coppus et al., 2007b), and all couples underwent a basic 

fertility work-up according to the guidelines of the Dutch Society of Obstetrics and 

Gynaecology. The details of this workup have been described in detail elsewhere 

(van der Steeg et al., 2007). 

Couples with a history of reversal of tubal ligation, tubal surgery, IVF, or previous 

tubal patency testing were excluded. The present study 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 confirmed by a basal 

body temperature chart, mid-luteal serum progesterone, or by ultrasonographic 

monitoring of the cycle. Duration of subfertility was defined as the period between 

the date the couple had started unprotected intercourse and date of tubal testing. 

We calculated female age at the time of tubal testing. Subfertility was considered 

to be secondary if a woman had conceived in this or in a previous partnership, 

regardless of the pregnancy outcome.

Semen analysis was performed at least once, and a total motile sperm count 

(TMC) was calculated by multiplying semen volume, semen concentration and 

percentage of progressive motile spermatozoa. Couples in whom semen analysis 

showed a severe impairment of semen quality requiring IVF-ICSI (defined as a TMC 

< 1 x 106) were excluded from the present analysis. 

Chlamydia antibody testing was performed either with a micro-immuno-

fluorescence (MIF) technique (BioMerieux, Paris, France) or with an ELISA (Medac 

GmbH, Wedel, Germany; Savyon Diagnostics LTD, Marne La Valle, France). CAT 

testing was performed according to the manufacturer’s instructions and the test 

result was considered positive at an MIF titre of ≥ 1:32 or an ELISA index of >1.1 

(NVOG, 2004). Endocervical swabs were not routinely taken.
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Tubal patency was evaluated by hysterosalpingography (HSG) and/or diagnostic 

laparoscopy, depending on the local protocol of the participating hospital. Tubal 

pathology was considered absent if the HSG showed passage of contrast medium 

through both tubes and normal intra-abdominal spread of contrast medium. When 

laparoscopy was used, tubal pathology was considered absent if there were no signs 

of tubal obstruction or severe adhesions interfering with ovum pickup. We did not 

take into account minimal stage endometriosis. In case a woman underwent both 

HSG and diagnostic laparoscopy, which was often done in case of an abnormal HSG, 

the results of the laparoscopy were decisive. No therapeutic interventions were 

performed during these procedures. Only women with bilateral patent tubes were 

included in the analyses; all women with intra-abdominal pockets of contrast after 

HSG or extensive adhesions at laparoscopy were excluded. 

Follow-up started after tubal testing and ended 12 months thereafter. Primary 

end-point was spontaneous conception resulting in an ongoing pregnancy at 12 

weeks of gestational age. The first day of the last menstrual cycle was considered 

to mark the end of time until spontaneous conception.

Statistical analysis 
Time to spontaneous conception resulting in an ongoing pregnancy was 

considered censored at the moment treatment had started within 12 months 

after testing, or at the last date of contact during follow-up if the couple did not 

have an ongoing pregnancy at that date. If a woman became lost to follow-up 

within 12 months after evaluation of tubal status, her general practitioner was sent 

a questionnaire to document the most recent fertility status of the couple.

Kaplan-Meier curves for the chances of spontaneous ongoing pregnancy over 

time were constructed for CAT positive and CAT negative women separately. The 

difference in time to pregnancy between these groups was tested for significance 

with the log-rank test statistic. Subsequently, we evaluated the influence of CAT 

positivity using Cox regression modelling, expressing the effect as a fecundity rate 

ratio (FRR) with corresponding 95% confidence intervals (CIs). An FRR expresses 

the probability of an ongoing pregnancy per time unit for women with a particular 

feature relative to the probability in women without that feature. We estimated 

unconditional and conditional FRRs. For the conditional FRR, we built a multivariable 

Cox model by additionally including the following known prognostic factors: 
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duration of subfertility, female age at tubal testing, and secondary subfertility 

(Hunault et al., 2004).

The proportional hazard assumption of the Cox model was checked separately 

for each variable before performing the regression analysis. Such checking was 

done graphically by inspecting the graphs of log
e 
[-log

e
S(t)] versus log

e
(t) for each 

dichotomous covariate to assess whether the curves run parallel. Additionally, time-

dependent covariates were included and we checked whether their coefficient 

differed significantly from zero. All data were analysed using SPSS 12.0.1 (SPSS Inc., 

Chicago, IL, USA).

Results

Data of 7860 couples were collected during the study period. After excluding 

couples with anovulation or severe male factor subfertility, and those that had 

undergone previous tubal testing, IVF or tubal surgery, data of 5522 ovulatory 

subfertile women were available. In 1569 women (28%) CAT was not measured; in 

1602 other women (29%) CAT was measured but no tubal testing was performed. 

Tubal pathology was diagnosed in 469 (20%) at HSG or laparoscopy. The data of 

the remaining 1882 women with no visible tubal pathology and a known CAT 

result were included in this analysis (Fig. 1).

Baseline characteristics of the 1882 included couples are shown in Table 1. CAT 

positive women were slightly, but statistically significantly older and more often 

suffered from a secondary subfertility than did CAT negative women. In 1244 

women (66%) tubal pathology was excluded by HSG, whereas in 638 of women 

(34%) this was done by laparoscopy. CAT testing was performed by MIF in 443 

women (24%) and by ELISA in 1439 women (76%). Overall, 438 women (23%) had 

a positive CAT result.

Follow-up status is shown in Fig. 1. The median duration of follow-up, from time of 

tubal testing to pregnancy or start of treatment was 3.6 months (interquartile range 

1.4 - 7.4 months). Of all included couples, 338 (18%) had an ongoing pregnancy 

without treatment within 1 year after evaluation of tubal function, including 

four multiple pregnancies. In 29 women pregnancy resulted in a miscarriage 
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and one pregnancy was ectopic, resulting in an overall miscarriage and ectopic 

pregnancy rate of 8.6% and 0.3% respectively. A total of 1162 couples (62%) had 

started treatment within 12 months; 363 others (19%) neither started treatment 

nor became pregnant. The estimated overall fraction of untreated couples with a 

treatment independent pregnancy at 12 months of follow-up for all women was 

31% (95% CI: 27%-35%). 

Consecutive subfertile women
N=7860 

Excluded 
         - Anovulation   n=  938 
         - TMC<1*106   n=  636 
         - previous IVF or tubal surgery n=  196 
         - previous tubal testing  n=  568 

Excluded 
            - CAT not measured  n= 1569 

 

 

Follow-up 
Pregnancy without treatment in 1 year N=   338  (18%) 

• Ongoing pregnancy, singleton N=    304 (16.2%) 
• Ongoing pregnancy, multiple N=         4  (0.2%) 
• Miscarriage   N=      29  (1.5%) 
• Ectopic pregnancy  N=         1  (0.1%) 

No spontaneous pregnancy in 1 year N= 1544  (82%) 

• Treatment < 12 months N=  1162   (62%) 
• No conception in 12 months N=    363   (19%) 
• Lost to follow-up   N=      19     (1%) 

Subfertile ovulatory women included in cohort
N=5522

Excluded 
             - tubal pathology  n=   469 

 

Excluded 
             - no tubal testing  n= 1602 

 

 

Ovulatory women with CAT testing and 
normal tubes
N=1882 

Available CAT result
N=3953

CAT testing and tubal testing
N=2351

FIGURE 1. Flow of patients
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TABLE I. Baseline characteristics of 1882 couples

CAT positive (n = 438) CAT negative (n = 1444) P-value

Median 5th-95th percentile Median 5th-95th percentile

Female age (year) 34.0 27.0-39.3 32.2 25.2-39.3 <0.001

Male age (year) 36.2 29.1-46.8 34.1 27.5-44.3 <0.001

Duration of subfertility (year) 2.0 1.1-5.2 1.9 1.1-4.1 <0.001

Semen analysis – TMC (*106) 52.2 4.8-284 50.9 3.2-285 0.73

Secondary subfertility 46% 36% <0.001

History of PID 5.3% 1.2% <0.001

History of Chlamydia 14.8% 2.4% <0.001

The Kaplan-Meier curves of women with a positive CAT status and those with a 

negative CAT status are shown in Fig. 2. There was a significant difference (P = 0.02). 

The proportional hazards assumption had to be rejected for the effect of CAT status 

on pregnancy chances over time (P < 0.001). Further analyses revealed that this 

deviance from proportionality was not constant over time, so we could not model 

the effect with a time-dependent covariate. Based on the log
e 

[-log
e
S(t)] versus  

log
e
(t) plots, we came to the conclusion that there was differential censoring after 

9 months. We therefore decided to limit the analysis to the first 9 months after 

tubal testing. In this time period, positive C. trachomatis IgG serology had a strong 

effect on time to natural conception, with 35% lower pregnancy chances (FRR 

0.65, 95% CI 0.48-0.87) (Table II). 

Multivariable Cox regression analysis showed that the conditional FRR was similar 

to the unconditional one, indicating that the lower pregnancy rates in CAT positive 

women were also present when known prognostic factors for spontaneous 

pregnancy were taken into account. This makes it unlikely that the observed 

association can be attributed to a confounding effect of duration of subfertility, 

female age and type of subfertility (Table II). As laparoscopy is considered the 

reference standard to exclude tubal pathology (NVOG, 2004), we performed a 

sub-analysis in which we compared women who had HSG only with those who 

underwent laparoscopy, which produced similar results. 
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FIGURE 2. Spontaneous pregnancy rates for CAT IgG negative (upper line) and CAT positive 
(lower line) without visible tubal pathology. 

TABLE II. The effect of C. trachomatis IgG serology on spontaneous pregnancy at 9 months 
follow-up*

Unconditional Conditional 

FRR 95% CI P-value FRR 95% CI P-value

Positive CAT 0.65 0.48-0.87 <0.001 0.66 0.49-0.89  0.007

Duration of subfertility (per year) 0.77 0.68-0.88 <0.001

Female age (per year) 0.97 0.94-0.99 0.03

Secondary subfertility 1.88 1.49-2.36 <0.001

Results obtained in Cox regression analyses; FRR, fecundity rate ratio; 95% CI, 95% confidence interval;  
*Analysis limited to first 9 months of follow-up due to differential censoring

Discussion

In this large prospective multicentre study, we observed that subfertile ovulatory 

women with a positive CAT result but without visible tubal pathology at HSG or 

laparoscopy, had significantly lower spontaneous pregnancy rates in the first 9 

months after tubal testing than comparable women with a negative CAT test. This 

effect was also observed when other patient characteristics (secondary subfertility, 

female age and duration of subfertility) were taken into account. Pregnancy rates 

in CAT positive women were about a third lower. 
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Strength of our study is the multicentre design through which a large number of 

couples could be included. Although no uniform CAT assay was used in all clinics, 

the majority used ELISA assays, which are less laborious and reader-dependent 

than MIF. It has been shown that ELISAs in general show less cross-reactivity with 

other Chlamydia species than the MIF Biomerieux assay used in the present study 

(Gijssen et al., 2001; Land et al., 2003), although a recent study in general showed 

better diagnostic performance of MIF compared with ELISA (Broeze et al., 2011). 

However, as the CAT assays that were used in this study are all commercially 

available and routinely used in hospitals throughout the country, we feel that our 

study reflects routine daily practice, thereby improving the generalizability of the 

results of the study.

For tubal testing, both HSG and diagnostic laparoscopy were used in the 

participating hospitals. In the present study, hospitals were free to use their own 

protocol for evaluating tubal status. This generated the practice variation from 

which our analysis could benefit. The Dutch guideline on the diagnostic subfertility 

work-up (NVOG, 2004) recommends laparoscopy for CAT positive patients, and HSG 

or no tubal assessment in case of a negative CAT. Strict adherence to this guideline 

would have introduced a bias into our research, but in our study about half of CAT 

positive women underwent HSG, whereas 30% of CAT negative women underwent 

diagnostic laparoscopy. We acknowledge that, ideally, tubal status in all women 

would have been verified by laparoscopy, but feel that such a design would be 

hardly feasible for ethical reasons and due to restricted availability as a result of high 

costs and limited operating time. Around 10% of women with a normal HSG show 

tubal pathology on laparoscopy (Mol et al., 1999; den Hartog et al., 2008; Verhoeve 

et al., 2011). Taking into account that more CAT negative women underwent tubal 

testing with HSG than did CAT positive women, the effect of CAT found in the 

present study cannot be attributed to differential verification. Instead, it is because 

of this variability in the use of HSG and laparoscopy that we were able to evaluate 

the effect of CAT positivity on pregnancy chances. In addition to this differential 

verification, women who were tested with CAT were only partially verified. In the 

present study, 46% of women with an available CAT result did not undergo invasive 

tubal testing, of which 79% were CAT negative. The present study addressed 

women in whom pathology had been ruled out, but had different CAT status. We 

therefore believe that the main impact of the partial verification was a reduction in 

the precision, rather than a bias of fecundity rate estimates.
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In the present study we tried to control for confounding effects of tubal pathology 

by limiting the analysis to those women without tubal abnormalities on HSG 

and/or laparoscopy. In addition, the confounding effect of the use of assisted 

reproductive technologies was eliminated by censoring time to pregnancy 

whenever treatment was started. Unfortunately, we were not able to analyse CAT 

titres as a continuous or categorical variable, taking into account the quantitative 

nature of this test, as the majority of clinics used an ELISA assay of which the results 

are reported as either positive or negative and no titres are available. Nevertheless, 

cut-off values advocated in the guideline of the Dutch Society for Obstetrics and 

Gynaecology were used, i.e. a titre of ≥1:32 in case of MIF and an index of >1.1 in 

case of ELISA. We feel this approach reflects daily clinical practice, where the CAT 

result is usually interpreted by the clinician as either being positive or negative. 

Our results are in contrast with that of three other studies, which found no 

significant effect of C. trachomatis antibodies on pregnancy rates (Idahl et al., 2004; 

Perquin et al., 2007; El Hakim et al., 2009). The most recent study (El Hakim et al., 

2009) explored the relation between CAT titres and probability of pregnancy in 

women with normal-looking Fallopian tubes at laparoscopy. However, with a total 

sample size of 174 women, the power of the study to detect an association was 

limited, due to the formation of multiple subgroups, including endometriosis. 

Idahl and colleagues, studied 244 women followed for a mean of 37 months, but 

unfortunately their analysis did not take into account time to pregnancy (Idahl et 

al., 2004). Instead, pregnancy was evaluated as a dichotomous outcome, ignoring 

the fact that fecundity is a gradual continuum based on time to pregnancy. 

Furthermore, the analysis did not correct for the presence of tubal pathology 

and type of pregnancy (spontaneous or treatment-related). The third study, 

using data of 153 women who participated in a randomized controlled trial, 

evaluated the prognostic significance of CAT on cumulative pregnancy rates at 

18 months follow-up (Perquin et al., 2007). No statistically significant difference 

in cumulative pregnancy rates was found (FRR 0.73, 95% CI 0.42-1.25). While this 

study used a time-to-event analysis, the interpretation of its results is hampered 

by heterogeneity in outcomes, as the authors did not solely evaluate treatment 

independent pregnancy rates, but also included pregnancies achieved after intra-

uterine insemination, IVF, tubal surgery and other therapeutic options. 
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The results of our study are in accordance with a previous study, which showed in 

170 studied women that the number of treatment independent pregnancies was 

lower with increasing CAT MIF titres (Kelz et al., 2006). However, a drawback of that 

study is the fact that it did not correct for the effects of tubal pathology visible at 

HSG or laparoscopy related to a previous Chlamydia infection. As higher MIF titres 

are associated with a higher likelihood and severity of tubal disease (Akande et al., 

2003), it is possible that an indirect association of titres on spontaneous pregnancy 

rates was measured; an association which in fact was due to the presence of tubal 

pathology. 

We found a marked difference in effect of CAT positivity on pregnancy rates at 9 

months of follow-up. This difference might be explained by the increasing duration 

of subfertility in those couples who did not conceive, which has been shown to be 

associated with a decrease in spontaneous pregnancy rates (van der Steeg et al., 

2007). It might be that the remaining group of women at a later time in follow-up 

differs from the total cohort at the beginning of follow-up, as it can be hypothesized 

that when pregnancy has not occurred after 3 or 4 years, spontaneous pregnancy 

chances are low, due to a preponderance of severe -undefined- pathology that 

overrules other test results, such as the CAT that we investigated. Alternatively, 

the marked difference between pregnancy rates in CAT positive and CAT negative 

women at 9 months of follow-up could be explained by selection bias due to 

non-random censoring, i.e. higher proportions of CAT positive couples are starting 

treatment.

Two hypotheses could explain why CAT seropositivity influences pregnancy rates 

negatively even in case of patent tubes. First, it is known that C. trachomatis may 

persist in the upper female genital tract and this persistent exposure to the micro-

organism could result in a chronic inflammatory response that is responsible 

for damage to the Fallopian tubes (Patton et al., 1994; Den Hartog et al., 2005). It 

has been suggested that these persistent C. trachomatis infections also elicit an 

autoimmune response to human heat shock proteins (HSPs) due to their structural 

similarity with Chlamydia HSP (Neuer et al., 1997; Witkin, 1999). Human HSPs play 

an important role in early pregnancy (Witkin, 2002), and animal as well as human 

research indicates that autoimmunity to human HSP exerts a negative influence 

on embryo development and implantation (Witkin et al., 1994; Witkin 1999, Neuer 

et al., 2000). From this it has been hypothesized that women with Chlamydia 
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IgG antibodies, as marker of  a previous infection, might be at risk for impaired 

implantation and lower pregnancy rates. Whether women who do not develop 

tubal pathology after Chlamydia infection are able to clear the micro-organism 

from their genital tracts before tubal pathology and an autoimmune response to 

human HSPs are elicited remains to be elucidated. Some research has focused on 

persistent endometrial infections that might either affect embryonic development 

or the implantation capacity of the endometrium, leading to implantation failure 

(Kamiyama et al., 2004; Romero et al., 2004; Den Hartog 2010). A second hypothesis 

to explain lower fecundity in CAT positive women without visible tubal pathology, 

is that intratubal microdamage may have resulted from a previous Chlamydia 

infection that cannot be detected with conventional patency tests such as HSG 

or laparoscopy. In addition, these tests are known to be imperfect, with some 

between-reader variability, but it is unlikely that this would explain the substantially 

lower pregnancy rates in CAT positive women. 

We showed that in 9 months follow-up subfertile women with a positive CAT 

test without visible tubal pathology on HSG or laparoscopy have a 33% lower 

probability of pregnancy as compared to CAT negative women. This finding could 

be useful in counselling subfertile couples on their spontaneous fertility prospects. 

If our findings hold in external validation, CAT has to be incorporated in future 

prognostic models on spontaneous pregnancy. Our finding demonstrates that 

even in absence of tubal pathology, decreased fecundity is a late effect of lower 

genital tract Chlamydia infections. This might increase the late costs of Chlamydia 

infections, and as such alter the cost-effectiveness of Chlamydia screening 

(Land et al., 2010). CAT apparently does not only have diagnostic value, but also 

gives valuable additional prognostic information on the probability to conceive 

spontaneously, even after tubal testing has shown no visible tubal pathology. 

23138 Coppus.indd   129 28-09-12   14:55



Chapter 7

130

 

References

Akande VA, Hunt LP, Cahill CJ, Caul EO, Ford WC, Jenkins JM. Tubal damage in infertile women: 
prediction using chlamydia serology. Hum Reprod 2003; 18:1841-1847.

Broeze KA, Opmeer BC, Coppus SF, van Geloven N, Alves MF, Anestad G, Bhattacharya S, Allen 
J, Guerra-Infante MF, den Hartog JE et al. Chlamydia antibody testing and diagnosing tubal 
pathology in subfertile women: an individual patient data meta-analysis. Hum Reprod Update 
2011; 17:301-310.

Claman P, Amimi MN, Peeling RW, Toye B, Jessamine P. Does serologic evidence of remote 
Chlamydia trachomatis infection and its heat shock protein (CHSP60) affect in vitro fertilization-
embryo transfer outcome? Fertil Steril 1996; 65:146-149.

Coppus SF, Opmeer BC, Logan S, van der Veen F, Bhattacharya S, 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.

Coppus SF, Verhoeve HR, Opmeer BC, van der Steeg JW, Steures P, Eijkemans MJ, Hompes PG, 
Bossuyt PM, van der Veen F, Mol BW. Identifying subfertile ovulatory women for timely tubal 
patency testing: a clinical decision rule based on medical history. Hum Reprod 2007;22:2685-
2692.

Den Hartog JE, Land JA, Stassen FR, Kessels AG, Bruggeman CA. Serological markers of persistent 
C. trachomatis infections in women with tubal factor subfertility. Hum Reprod 2005; 20:986-990.

Den Hartog JE, Lardenoije CM, Severens JL, Land JA, Evers JL, Kessels AG. Screening strategies for 
tubal factor subfertility. Hum Reprod 2008; 23:1840-1848.

Den Hartog JE. Academic Thesis, Maastricht University 2010.

El Hakim EA, Epee M, Draycott T, Gordon UD, Akande VA. Significance of positive Chlamydia 
serology in women with normal-looking Fallopian tubes. Reprod Biomed Online 2009; 19:847-
851.

Gijssen AP, Land JA, Goossens VJ, Leffers P, Bruggeman CA, Evers JL. Chlamydia pneumoniae and 
screening for tubal factor subfertility. Hum Reprod 2001; 16:487-491.

Hunault CC, Habbema JD, Eijkemans MJ, Collins JA, Evers JL, te Velde ER. Two new prediction 
rules for spontaneous pregnancy leading to live birth among subfertile couples, based on the 
synthesis of three previous models. Hum Reprod 2004, 19:2019-2026.

Idahl A, Boman J, Kumlin U, Oloffson JI. Demonstration of Chlamydia trachomatis IgG antibodies 
in the male partner of the infertile couple is correlated with a reduced likelihood of achieving 
pregnancy. Hum Reprod 2004; 19:1121-1126.

Kamiyama S, Teruya Y, Nohara M, Kanazawa K. Impact of detection of bacterial endotoxin in 
menstrual effluent on the pregnancy rate in in vitro fertilization and embryo transfer. Fertil Steril 
2004; 82:788-792.

Keltz MD, Gera PS, Moustakis M. Chlamydia serology screening in infertility patients. Fertil Steril 
2006; 85:752-754.

Land JA, Gijsen AP, Kessels AG, Slobbe ME, Bruggeman CA. Performance of five serological 
Chlamydia antibody tests in subfertile women. Hum Reprod 2003; 18:2621-2627.

Land JA, van Bergen JE, Morré SA, Postma MJ. Epidemiology of Chlamydia trachomatis infection 
in women and the cost-effectiveness of screening. Hum Reprod Update 2010; 16:189-204.

Lunenfeld E, Shapiro BS, Sarov B, Sarov I, Insler V, Decherney AH. The association between 
chlamydial-specific IgG and IgA antibodies and pregnancy outcome in an in vitro fertilization 
program. J In Vitro Fert Embryo Transf 1989; 6:222-227.

Mol BW, Collins JA, Burrows EA, van der Veen F, Bossuyt PM. Comparison of hysterosalpingography 
and laparoscopy in predicting fertility outcome. Hum Reprod 1999; 14:1237-1242. 

23138 Coppus.indd   130 28-09-12   14:55



CAT testing and natural conception

131

 7

Nederlandse Vereniging voor Obstetrie en Gynaecologie. Orienterend fertiliteitsonderzoek [Dutch 
Society for Obstetrics and Gynaecology: guideline diagnostic fertility workup] 2004.

Neuer A, Lam KN, Tiller FW, Kiesel L, Witkin SS. Humoral immune response to membrane 
components of Chlamydia trachomatis and expression of human 60 kDa heat shock protein in 
follicular fluid of in-vitro fertilization patients. Hum Reprod 1997; 12:925-929.

Neuer A, Spandorfer SD, Giraldo P, Dieterle S, Rosenwaks Z, Witkin SS. The role of heat shock 
proteins in reproduction. Hum Reprod Update 2000; 6:149-159.

Osser S, Persson K, Wramsby H, Liedholm P. Does previous Chlamydia trachomatis infection 
influence the pregnancy rate of in vitro fertilization and embryo replacement? Am J Obstet 
Gynecol 1990; 162:40-44.

Paavonen J and Eggert-Kruse W. Chlamydia trachomatis: impact on human reproduction. Hum 
Reprod Update 1999; 5:433-447.

Pacchiarotti A, Sbracia M, Mohamed MA, Frega A, Pacchiarotti A, Espinola SM, Aragona C. 
Autoimmune response to Chlamydia trachomatis infection and in vitro fertilization outcome. 
Fertil Steril 2009; 91:946-948.

Patton DL, Cosgrove Sweeney YT, Kuo CC. Demonstration of delayed hypersensitivity in 
Chlamydia trachomatis salpingitis in monkeys: a pathogenic mechanism of tubal damage. J 
Infect Dis 1994; 169:680-683.

Perquin DA, Beersma MF, de Craen AJ, Helmerhorst FM. The value of Chlamydia trachomatis-
specific IgG antibody testing and hysterosalpingography for predicting tubal pathology and 
occurrence of pregnancy. Fertil Steril 2007; 88:224-226.

Romero R, Espinoza J, Mazor M. Can endometrial infection/inflammation explain implantation 
failure, spontaneous abortion, and preterm birth after in vitro fertilization? Fertil Steril 2004; 
82:799-804.

Rowland GF, Forsey T, Moss TR, Steptoe PC, Hewitt J, Darougar S. Failure of in vitro fertilization 
and embryo replacement following infection with Chlamydia trachomatis. J In Vitro Fert Embryo 
Transf 1985; 2:151-155.

Sharara FI, Queenan JT, Springer RS, Marut EL, Scoccia B, Scommegna A. Evaluated serum 
Chlamydia trachomatis IgG antibodies. What do they mean for IVF pregnancy rates and loss? J 
Reprod Med 1997; 42:281-286.

Spandorfer SD, Neuer A, LaVerda D, Byrne G, Liu HC, Rosenwaks Z, Witkin SS. Previously 
undetected Chlamydia trachomatis infection, immunity to heat shock proteins and tubal 
occlusion in women undergoing in-vitro fertilization. Hum Reprod 1999; 14:60-64.

Tasdemir I, Tasdemir M, Kodama H, Sekine K, Tanaka T. Effect of chlamydial antibodies on the 
outcome of in vitro fertilization (IVF) treatment. J Assist Reprod Genet 1994; 11:104-106.

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

Verhoeve HR, Coppus SF, van der Steeg JW, Steures P, Hompes PG, Bourdrez P, Bossuyt PM, van 
der Veen F, Mol BW. The capacity of hysterosalpingography and laparoscopy to predict natural 
conception. Hum Reprod 2011, 26:134-142. 

Witkin SS, Sultan KM, Neal GS, Jeremias J, Grifo JA, Rosenwaks Z. Unsuspected Chlamydia 
trachomatis infection and in vivo fertilization outcome. Am J Obstet Gynecol 1994; 171:1208-1214.

Witkin SS. Immunity to heat shock proteins and pregnancy outcome. Infect Dis Obstet Gynecol 
1999; 7:35-38.

Witkin SS. Immunological aspects of genital clamydia infections. Best Pract Res Clin Obstet 
Gynaecol 2002; 16:865-874.

23138 Coppus.indd   131 28-09-12   14:55



23138 Coppus.indd   132 28-09-12   14:55



Part 3
Discussion, summary and epilogue

23138 Coppus.indd   133 28-09-12   16:57



23138 Coppus.indd   134 28-09-12   14:55



8
General discussion

23138 Coppus.indd   135 28-09-12   14:55



Chapter 8

136

 

It is estimated that tubal pathology accounts for subfertility in around 10 to 30 

percent of couples (Evers 2002). The subfertility work-up is therefore usually 

ended with invasive tubal patency testing, such as hysterosalpingography (HSG) 

or laparoscopy with tubal testing, of which the latter is still regarded as the gold 

standard for diagnosing tubal pathology. In the late nineties, 89% of all fertility 

specialists in the USA routinely performed diagnostic laparoscopy in the fertility 

work-up (Glatstein 1997). The majority of diagnostic laparoscopies will not reveal 

any abnormality (Forman et al., 1993), as a result of which its role in current fertility 

practice is heavily debated (Tanahatoe et al., 2003; Lavy et al., 2004; Tanahatoe et al., 

2005; Bosteels et al., 2008). 

As laparoscopy is an expensive investigation, and not without risk of complications 

(Jansen et al., 1997; Chapron et al., 1998; Härkki-Siren et al., 1999), some authors 

have searched for less invasive alternatives like hysterosalpingo-contrast-

sonography (Schlief and Deichert, 1991) or transvaginal hydrolaparoscopy (Gordts 

et al., 1998). However, these newer test have not gained widespread use in daily 

clinical practice, as a result of which most clinicians still use hysterosalpingography 

and/or diagnostic laparoscopy to conclude the fertility work-up. The reasons for 

this conservatism are unclear, but it might be due to uncertainty about the validity 

of published reports on such test alternatives (Chapter 2).

Other groups have searched for better screening strategies to only subject 

those women with a high probability of finding tubal abnormalities to invasive 

tubal testing. The majority of this work has focused on the value of Chlamydia 

trachomatis antibody (CAT) testing (Mol et al., 1997; den Hartog et al., 2006; 

Broeze et al., 2011). CAT testing is not routinely performed worldwide, and is not 

a recommended investigation in international guidelines on the fertility work-up. 

Some authors have explored the predictive value of medical history taking, and 

concluded that medical history is of limited use for a policy of restricted use of 

laparoscopy (Johnson et al., 2000; Hubacher et al., 2004). This conclusion has been 

disputed by others (Thomas et al., 2001; Donnez and Jadoul, 2004; McComb, 2004; 

Tulandi and Platt, 2004).
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Diagnostic aspects of tubal testing

For the work presented in this thesis, we decided to go back to the basis and 

explore the grounds on which guidelines advocate medical history taking for 

selecting women for invasive tubal testing (Luttjeboer et al., 2009). We found 

that a history of complicated appendicitis, pelvic surgery, ectopic pregnancy and 

endometriosis are strong risk indicators for tubal pathology in subfertile women. 

Due to limitations related to conventional meta-analytic techniques (Broeze et al., 

2009), we were unable to estimate exact probabilities of tubal pathology, and to 

correct for dependency. 

Therefore, we developed two prediction models for (severe) tubal pathology that 

express the probability of tubal pathology, and correct for mutual dependence 

(Chapters 4 and 5). While the first model was derived in a relatively small data set, 

and used as a pilot study for the development of the large-scale model, all factors 

from this model were also present in the larger model. We showed for any tubal 

pathology, that a prolonged duration of subfertility, a pregnancy 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, a 

history of legally induced abortion and previous pelvic surgery are all factors that 

increase the likelihood of tubal pathology. Clinically more relevant is the model for 

bilateral tubal pathology, for which it was shown that referral by a gynaecologist, 

female age above 32 years, dysmenorrhoea and smoking of the woman increase 

the likelihood of disease, as does 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 pregnancy and previous pelvic surgery. In 

contrast, a previous pregnancy in the current relationship and a higher male age 

lower the probability of bilateral tubal pathology. 

The association of male characteristics with female tubal disease was remarkable, 

as male age, male smoking habits, as well as having fathered a pregnancy in a 

previous relationship cannot causally be related to tubal damage in a woman. 

Possibly these male characteristics act as indicators for some unrecorded variables, 

such as number of sexual partners or socio-economic status, or they reflect lifestyle 

and selection mechanisms.
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Although both models are able to make an almost perfect distinction between 

women with a low and high probability of tubal pathology, our models have not 

been externally validated yet, so caution has to be taken to apply them already in daily 

clinical practice. Reassuringly though, a recent study from Israel confirmed several of 

the risk factors identified in our study, including increasing age, secondary subfertility, 

and male smoking habits (Farhi et al., 2011). Our findings were also confirmed in an 

individual patient data-meta analysis (Broeze et al., 2012), which showed a similar 

predictive performance for medical history taking as did our models. Interestingly, this 

study also showed that both CAT and HSG independently improve the performance of 

the model when compared with the results of diagnostic laparoscopy. 

Prognostic aspects of tubal testing

It is our opinion that medical history taking is certainly of value in selecting those 

women that might benefit from early tubal testing. The next question is which 

tubal test should then be applied. As the purpose of the fertility work-up has shifted 

from a purely diagnostic question to a prognostic orientation, it is not so much the 

question which tubal test is the most accurate, but to what extent an abnormal 

test result interferes with chances of natural conception. To answer this question 

we related findings at HSG and laparoscopy to spontaneous pregnancy (Chapter 

6). We found that women with unilateral tubal pathology at HSG or laparoscopy 

have a moderate, non-significant reduction in spontaneous pregnancy chances, 

whereas those with bilateral tubal pathology at HSG or laparoscopy have a 

severe reduction in the ability to achieve natural conception. This reduction in 

fertility prospects was similar for HSG and laparoscopy, suggesting that HSG and 

laparoscopy have a comparable predictive capacity for natural conception. 

It is noteworthy that unilateral pathology is of only minor prognostic relevance, 

confirming that the goal of tubal testing should be to detect women with bilateral 

tubal pathology, so that they can be treated with IVF. Studies on the prediction 

of pregnancy after intra-uterine insemination also failed to show a statistically 

significant impact of unilateral tubal pathology on pregnancy rates (Steures et al., 

2004). In addition, no evidence-based treatment policies are known for women 

affected by unilateral tubal pathology. In case of unilateral abnormalities on 

HSG, one could consider several options, e.g. one could perform a diagnostic 
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laparoscopy. In 95% of cases though, laparoscopic findings will not change the 

HSG-based treatment plan (Lavy et al., 2004). Alternatively, one could aim to 

increase pregnancy chances with IUI with mild ovarian stimulation or bypass the 

Fallopian tube with IVF. We found only one case-control study in the literature, 

which evaluated IUI/COH in women with unilateral tubal pathology on HSG as 

compared to IUI/COH in women with unexplained subfertility. Similar pregnancy 

rates were found in both groups (Farhi et al., 2007). One of the studies that still 

needs to be performed therefore is a randomized controlled trial comparing 

expectant management, IUI/COH and IVF in women with unilateral tubal 

pathology, evaluating pregnancy rates and costs. 

Currently, after invasive tubal testing has shown bilateral patent tubes, the result 

of CAT testing is generally ignored (Chapter 7). We questioned whether evidence 

of a past Chlamydia infection affects the probability of spontaneous pregnancy in 

women without visible tubal pathology, and found that subfertile women with 

a positive CAT test but without visible tubal pathology on HSG or laparoscopy 

have a 33% lower probability of pregnancy as compared to CAT negative women. 

Results from previous studies on this topic are conflicting, which urges the need for 

external validation of our findings. If confirmed, it would imply a new prognostic 

factor that could be incorporated when developing updated prognostic models 

for treatment independent pregnancy. 

Ultimate value of tubal testing

Although much effort is being put in evaluating accuracy of different screening 

strategies, the main question is whether ultimately tubal testing will increase the 

likelihood of conception. For laparoscopy, there is no evidence that the procedure 

itself increases this likelihood (Al-Fadhli et al., 2006; Luttjeboer et al., 2007). For 

hysterosalpingography, there is some evidence that performing the procedure 

with oil-soluble contrast medium increases the probability of natural conception 

when compared with water-soluble contrast medium. However, the evidence is 

based on aggregated data of two trials, where statistical heterogeneity was present 

and the higher quality trial failed to show a significant difference. Currently, the 

H2Oil study is recruiting women to answer the question whether we should use 

oil-based contrast medium during a diagnostic HSG (H2Oil trial number: NTR3270). 
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One randomized controlled trial examined the value of a standard laparoscopy 

after normal hysterosalpingography before start of intrauterine insemination 

and found that a standard laparoscopy with therapeutic interventions does not 

increase the likelihood of conception (Tanahatoe et al., 2005). Another randomized 

study showed that early tubal testing did not increase spontaneous pregnancy 

rates if compared with delayed tubal testing (Lindborg et al., 2009). Whether a 

tubal test strategy should start with hysterosalpingography or whether this test 

can be abandoned was evaluated in a randomised trial (Perquin et al., 2006). In 

this study the fertility workup was completed with either HSG with water-based 

contrast or immediate laparoscopy. In case of no abnormalities at HSG, women 

were managed expectantly for 6 months. In case of no pregnancy after this time 

period, women underwent a laparoscopy. In case of an abnormal HSG, women 

underwent laparoscopy within one to two months. At 18 months of follow-up, no 

differences in pregnancy rates between both strategies were noted. The authors 

concluded that HSG has no role in the fertility work-up , but we criticized this study 

due to an inadequate methodological design (as no specific treatment strategies 

followed a specific test result) and showed that a strategy starting with HSG results 

in a 30% reduction in the number of laparoscopies (Coppus et al., 2006). Although 

more and more authors advocate that HSG is a useless test in modern fertility 

practice (den Hartog et al., 2008; Lim et al., 2011), we feel that given the current 

evidence HSG still deserves a prominent role in the fertility workup. 

In conclusion, a difference in outcome between different tubal testing strategies 

can currently only be made by referring women with bilateral tubal pathology for 

IVF early. To end the debate on whether we should perform tubal testing, and if 

so, with which tests, a large scale multilevel randomized trial is needed, comparing 

different screening strategies with explicit treatment rules in case of abnormal test 

results. Only by performing such a study, the true value and cost-effectiveness of 

tubal testing can be revealed. 
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Subfertility is customarily defined as failure to conceive after regular unprotected 

sexual intercourse for one year. The prevalence of subfertility is around 14%, 

affecting one in seven couples. It has been estimated that in around 10-30% of 

these couples, subfertility is due to tubal pathology. These tubal abnormalities 

include tubal obstruction and pelvic adhesions which can be due to previous 

infection, endometriosis, or previous surgery.  To rule in or rule out this pathology, the 

fertility work-up in subfertile couples is usually concluded with tubal patency testing. 

Currently, laparoscopy is considered to be the best available test for diagnosing tubal 

abnormalities, but it has several drawbacks. First, it is an invasive surgical procedure 

that requires general anaesthesia, both of which carry associated risks. Secondly, as 

an expensive investigation that requires operating time and dedicated personnel, 

its availability is not unlimited. Therefore, triage is needed to limit the number of 

unnecessary laparoscopies, while maintaining a high diagnostic yield. Nationally and 

internationally, a large practice variation exists in the timing of testing, the test used, 

and the basis on which women are selected for tubal testing. While some guidelines 

advocate medical history taking to triage women for tubal patency testing, others 

advocate Chlamydia antibody testing, or testing in all women. At the start of this 

project, test research on which these guideline are based on, had been conducted 

in isolation from its clinical context.  

The work presented in the studies in this thesis started with a focus on 

methodological issues in diagnostic and prognostic research in general. Hereafter, 

we researched multivariable diagnostic models, to estimate pretest probabilities 

for tubal pathology that can help to distinguish women with a high and low 

probability of (severe) tubal disease at first consultation, and explored the 

added value of Chlamydia antibody testing to medical history taking. Finally, we 

investigated the prognostic significance of various tubal pathology tests like HSG, 

laparoscopy and CAT testing. 

Chapter 1 gives an outline and describes the objectives of this thesis.

Chapter 2 describes the results of a study in which we evaluated the impact of 

publication of the Standards for Reporting of Diagnostic Accuracy Studies (STARD) 

statement on the quality of reporting of test accuracy studies in two leading 

journals in the field of reproductive medicine. 24 articles published in 1999 (pre-

STARD) and 27 published in 2004 (post-STARD) that reported on the diagnostic 
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performance of a test in comparison with a reference standard were included. 

Each article was scored on a 25 items checklist, dealing with the study question, 

study participants, study design, test methods, reference standard, statistical 

methods, reporting of results and conclusions. The mean number of reported 

STARD items for articles published in 1999 was 12.1 ± 3.3 (range 6.5-20) and 12.4 

± 3.2 (range 7-17.5) in 2004, after publication of the STARD statement. Overall, less 

than half of the studies reported adequately on 50% or more of the STARD items. 

The reporting of individual items showed a wide variation. There was no significant 

improvement in mean number of reported items for the articles published after 

the introduction of the STARD statement. From these data we concluded that 

authors of test accuracy studies in the two leading fertility journals poorly reported 

the design, conduct, methodology and statistical analysis of their study, which 

hampers the ability to interpret these studies on their scientific soundness. Strict 

adherence to the STARD guidelines should therefore be encouraged.

Chapter 3 presents an opinion article on methodological considerations when 

evaluating prediction models in reproductive medicine. Such models are used 

to to calculate the probability of pregnancy without treatment, as well as the 

probability of pregnancy after ovulation induction, intrauterine insemination or 

in vitro fertilization. The performance of such prediction models is often evaluated 

with a receiver operating characteristic (ROC) curve. The area under the ROC 

curve, also known as c-statistic, is then used as a measure of model performance. 

However, the value of this c-statistic is low for most prediction models in 

reproductive medicine. We demonstrate that low values of the c-statistic are to be 

expected in these prediction models, but we also show that this does not imply 

that these models are of limited use in clinical practice. Arguments are given why 

the calibration of the model which is the correspondence between model-based 

probabilities and observed pregnancy rates, the availability of a clinically useful 

distribution of probabilities, the ability of a model to correctly classify couples for 

treatment decisions, and reclassification indices are more meaningful concepts for 

model evaluation.

Chapter 4 presents an exploratory investigation on whether information 

obtained from medical history taking can be quantified in a probabilistic model. 

We also explored whether CAT testing has additional value to medical history 

taking, given differences in prior probabilities. To answer these questions, data 
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of 207 consecutive subfertile women were used to create multivariable logistic 

regression models for the prediction of tubal disease as diagnosed by diagnostic 

laparoscopy. The model with data of medical history only had an area under the 

receiver operating characteristic curve (AUC) of 0.65 (95% CI 0.56-0.74). Addition of 

CAT increased the AUC to 0.70 (95% CI 0.62-0.78) (P=0.065). CAT was positive in 40 

women and showed a sensitivity of 0.37 (95% CI 0.26-0.49) for a specificity of 0.88 

(95% CI 0.82-0.93). In CAT positive women a blank medical history did not decrease 

the probability of tubal disease. Of the 167 women tested CAT negative, 23 (14%) 

still had a high probability of disease due to their medical history and 11 of them 

(48%) showed tubal abnormalities on diagnostic laparoscopy. From these data we 

concluded that CAT testing adds valuable information to a woman’s risk profile 

based on her medical history. The combination of medical history taking and CAT 

testing has a better yield for diagnosing tubal disease than either of these alone.

Chapter 5 investigates the ability of medical history taking alone to predict tubal 

pathology at first consultation of the subfertile couple, as the ultimate 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. For this purpose, data of 3716 

women who underwent tubal patency testing as part of their routine fertility 

workup, and participated in a nationwide cohort study were used. Elements 

from their medical history were related to the presence of tubal pathology. With 

multivariable logistic regression, we constructed two diagnostic models. In the first 

model 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 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 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. This decision rule could be used to select women for diagnostic 

laparoscopy more efficiently. 

Chapter 6 explores the prognostic capacity of hysterosalpingography and 

laparoscopy in a general subfertile population. From data that were prospectively 
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collected in 38 fertility centres, we selected those women who underwent 

HSG and/or laparoscopy as part of their subfertility work-up. Follow-up started 

immediately after tubal testing and follow-up was ended 12 months thereafter. 

We correlated findings at HSG or laparoscopy with time to pregnancy. Follow-

up was censored at the date of last contact, when the woman was not pregnant 

or at the start of fertility treatment. Kaplan-Meier curves for the occurrence of 

spontaneous intrauterine pregnancy were constructed for women without tubal 

pathology, for those with unilateral tubal pathology and for women with bilateral 

tubal pathology at HSG or laparoscopy. With multivariable Cox regression analysis 

the association between tubal pathology and the occurrence of an intrauterine 

pregnancy was expressed in fecundity rate ratios (FRRs). In total, 3301 women 

were included, of whom 2043 underwent HSG only, 747 underwent diagnostic 

laparoscopy only and 511 underwent both. At HSG, 322 (13%) women 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 interval (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. From 

this study it was concluded that women with unilateral tubal pathology at HSG or 

laparoscopy had moderate, non-significant reduction in spontaneous pregnancy 

chances, whereas those with bilateral tubal pathology at HSG or laparoscopy had a 

severe reduction in the ability to achieve spontaneous conception. This reduction 

in fertility prospects was similar for HSG and laparoscopy, suggesting that HSG and 

laparoscopy have a comparable predictive capacity for natural conception.

Chapter 7 investigates the prognostic significance of positive Chlamydia 

trachomatis antibodies for spontaneous pregnancy once tubal pathology has been 

ruled out. We studied ovulatory women in whom HSG or laparoscopy showed 

patent tubes. Women were tested for C. trachomatis immunoglobulin G (IgG) 

antibodies with either micro-immunofluorescence (MIF) or an ELISA. CAT serology 

was positive if the MIF titre was ≥ 1:32 or if the ELISA index was > 1.1. The proportion 

of couples pregnant without treatment was estimated at 12 months of follow-up. 

Time to pregnancy was considered censored at the date of the last contact when 

the woman was not pregnant or at the start of treatment. The association between 

CAT positivity and an ongoing pregnancy was evaluated with Cox regression 
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analyses.  Of the 1882 included women without visible tubal pathology, 338 (18%) 

had a treatment- independent pregnancy within 1 year [estimated cumulative 

pregnancy rate 31%; 95% confidence interval (CI): 27%-35%]. Because of violation 

of Cox regression analysis assumptions after 9 months of follow-up, which could 

not be explained on sound clinical nor statistical grounds, regression analyses 

were limited to the first 9 months after tubal testing. Nevertheless, positive C. 

trachomatis IgG serology was associated with a statistically significant 33% lower 

probability of an ongoing pregnancy [adjusted fecundity rate ratio 0.66 (95% CI 

0.49 to 0.89)]. We concluded that CAT testing does not only have diagnostic value, 

but also prognostic value, even after HSG or laparoscopy has shown no visible 

tubal pathology, as subfertile women with a positive CAT have lower pregnancy 

chances than CAT negative women. After external validation, this finding could be 

incorporated into existing prognostic models.

Chapter 8 presents a discussion of the findings of this thesis, clinical implications 

and future research recommendations. 

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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Subfertiliteit wordt gewoonlijk gedefinieerd als het uitblijven van zwangerschap na 

regelmatige onbeschermde samenleving gedurende 12 maanden. De prevalentie 

van subfertiliteit bedraagt rond de 14%, ofwel 1 op de 7 koppels dat probeert 

zwanger te worden zal ermee geconfronteerd worden. Er wordt verondersteld 

dat bij 10-30% van deze stellen de subfertiliteit het gevolg is van tubapathologie. 

Eerdere infecties, endometriose, of chirurgische ingrepen in het verleden kunnen 

geleid hebben tot occlusie van de tuba of adhesies. Om deze afwijkingen aan te 

tonen danwel uit te sluiten ondergaan subfertiele paren vaak tubadiagnostiek als 

afronding van het fertiliteitonderzoek. Momenteel wordt de laparoscopie met het 

testen van de doorgankelijkheid van de tubae gezien als de meest informatieve 

vorm van tubadiagnostiek, maar laparoscopie heeft verschillende nadelen. 

Allereerst is het een invasieve chirurgische procedure onder algehele anesthesie, 

met bijbehorende risico’s. Ten tweede is de beschikbaarheid niet ongelimiteerd, als 

gevolg van hoge kosten, benodigde operatietijd en personeel. Daarom is gezocht 

naar manieren om juist die vrouwen waarbij men ook verwacht afwijkingen te 

vinden een laparoscopie te laten ondergaan, en tegelijkertijd het aantal ‘negatieve’ 

laparoscopieën te verminderen. 

Nationaal en internationaal bestaat een grote praktijkvariatie in het type tubatest, 

het tijdstip waarop de tubatest verricht wordt, en indicatie. Sommige richtlijnen 

bevelen een zorgvuldige anamnese aan om vrouwen voor tubadiagnostiek te 

selecteren, andere richtlijnen pleiten voor het gebruik van de Chlamydia antistof 

test, terwijl weer andere richtlijnen tubadiagnostiek bij alle subfertiele vrouwen 

adviseren. Een probleem bij de interpretatie van het onderzoek dat tot op heden 

gedaan is, is dat het meeste test evaluatie onderzoek geïsoleerd van de klinische 

context verricht is. Voor het onderzoek beschreven in dit proefschrift werd 

gestart met het ophelderen van methodologische principes in diagnostisch en 

prognostisch onderzoek. Hierna werden multivariabele diagnostische modellen 

ontwikkeld, om voorafkansen op tubapathologie te genereren die kunnen helpen 

vrouwen met een hoge kans op (ernstige) tubapathologie te onderscheiden van 

vrouwen met een lage kans. Verder werd onderzocht wat de toegevoegde waarde 

van de Chlamydia antistof test is bovenop hetgeen al bekend is uit zorgvuldig 

afnemen van de anamnese. Ten slotte werd de prognostische waarde voor het 

voorspellen van een spontane zwangerschap onderzocht voor de meest gebruikte 

tubatesten testen zoals HSG, laparoscopie en de Chlamydia antistof test. 
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Hoofdstuk 1 beschrijft de achtergrond en doelstellingen van dit proefschrift. 

Hoofdstuk 2 beschrijft de resultaten van een onderzoek waarin de gevolgen van 

het Standards for Reporting of Diagnostic Accuracy Studies (STARD) statement op 

de kwaliteit van rapportage van test accuratesse onderzoek bekeken werd. Hiervoor 

werden in twee toptijdschriften op het gebied van de voortplantingsgeneeskunde 

24 artikelen uit 1999 (pre-STARD), en 27 artikelen uit 2004 (post-STARD) nader 

onderzocht. Studies die rapporteerden over de waarde van een diagnostische 

test vergeleken met een referentiestandaard werden geïncludeerd. Elk artikel 

werd gescoord aan de hand van een checklist bestaand uit 25 onderdelen, 

waarin zaken als de studie vraag, samenstelling van de studiepopulatie, opzet 

van de studie, testmethoden, referentiestandaard, statistiek, en rapportage van 

resultaten en conclusie aan de orde komen. Het gemiddeld aantal gerapporteerde 

STARD onderdelen was 12.1 ± 3.3 (spreiding 6.5-20) voor artikelen uit 1999 (pre-

STARD), en 12.4 ± 3.2 (spreiding 7-17.5) voor artikelen uit 2004 (post-STARD). In 

totaal werd in minder dan de helft van de artikelen 50% of meer van de STARD 

onderdelen adequaat gerapporteerd, met een ruime spreiding in de rapportage 

van individuele onderdelen. Er werd geen significante verbetering gezien in het 

gemiddeld aantal gerapporteerde zaken in de artikelen gepubliceerd na invoering 

van het STARD statement. Wij concludeerden derhalve dat auteurs van test 

accuratesse onderzoek in de twee vooraanstaande tijdschriften op het gebied van 

de voortplantingsgeneeskunde heel matig hun opzet, uitvoering, methodologie 

en statistische analyse van hun onderzoek rapporteren. Dit belemmert de 

mogelijkheid om deze studies goed op hun waarde te kunnen beoordelen. Strikte 

naleving van de STARD criteria voor publicatie van een test accuratesse onderzoek 

dient daarom sterk aangemoedigd te worden. 

Hoofdstuk 3 beschrijft een opiniërend artikel over de methodologische 

overwegingen wanneer prognostische modellen binnen de voortplantings-

geneeskunde geëvalueerd worden. Vaak worden dergelijke modellen gebruikt 

om de kans op spontane zwangerschap te berekenen, maar ook om de kans 

op zwangerschap na ovulatie inductie, intra-uteriene inseminatie of na in vitro 

fertilisatie uit te drukken. Het prestatievermogen van zulke prognostische 

predictiemodellen wordt frequent geëvalueerd met een receiver operating 

characteristic (ROC) curve. Het oppervlak onder de ROC curve, ook wel c-statistic 

indien tijd tot zwangerschap gemodelleerd wordt, wordt dan gebruikt als maat 
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voor model prestatie. Echter, voor de meeste predictiemodellen binnen de 

voortplantingsgeneeskunde is deze c-statistic waarde laag. In dit hoofdstuk 

wordt aangetoond dat lage waarden van de c-statistic verwacht kunnen worden 

in dergelijke predictiemodellen, maar dat dit niet betekent dat deze modellen 

onbruikbaar zijn in de dagelijkse klinische praktijk. Beargumenteerd wordt 

waarom de calibratie van een model (de overeenkomst tussen voorspelde kansen 

afkomstig van het model en de geobserveerde zwangerschapscijfers), een klinisch 

bruikbare verdeling van kansen, het vermogen van een model om koppels in te 

delen in categorieën die buikbaar zijn om behandelbeslissingen te nemen, en 

reclassificatie indices belangrijkere begrippen zijn voor evaluatie van modellen. 

Hoofdstuk 4 beslaat een verkennend onderzoek naar de mogelijkheid om door 

middel van een probabilistisch model, gebaseerd op onderdelen uit de anamnese, 

een kansschatting op tubapathologie te maken. Daarnaast werd onderzocht of 

testen op aanwezigheid van Chlamydia trachomatis antistoffen (CAT) toegevoegde 

waarde heeft, wanneer de verschillen in kans op tubapathologie (gebaseerd op de 

anamnese), meegenomen wordt. Om deze vragen te beantwoorden werden data 

van 207 opeenvolgende subfertiele vrouwen gebruikt voor het construeren van 

multivariabele logistische regressie modellen, die tubapathologie - vastgesteld 

door middel van laparoscopie - kunnen voorspellen. Het model gebaseerd op 

alleen factoren uit de anamnese toonde een oppervlak onder de ROC curve 

(AUC) van 0.65 (95% BI 0.56-0.74). Toevoegen van CAT aan het anamnese model 

verhoogde de AUC tot 0.70 (95% BI 0.62-0.78) [p=0.065]. CAT was positief in 40 

vrouwen, met een sensitiviteit van 0.37 (95% CI 0.26-0.49) en een specificiteit van 

0.88 (95% CI 0.82-0.93). In CAT positieve vrouwen verlaagde een blanco anamnese 

de kans op tubapathologie niet. In de 167 CAT negatieve vrouwen, waren er 23 

(14%) die ondanks afwezigheid van Chlamydia antistoffen toch een hoge kans op 

tubapathologie hadden op basis van hun anamnese. Bij 11 van deze 23 vrouwen 

(48%) werden inderdaad afwijkingen bij de laparoscopie gezien. Op basis van 

deze gegevens kan geconcludeerd worden dat CAT een toegevoegde waarde 

heeft aan het risico profiel van de vrouw gebaseerd op de anamnese, en dat een 

combinatie van anamnese en CAT een betere diagnostische waarde heeft dan een 

van beide alleen. 

Hoofdstuk 5 onderzoekt in een veel groter cohort de waarde van de anamnese 

om bij het eerste consult een inschatting van de kans op tubapathologie te 
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kunnen maken. Het uiteindelijke doel van tubadiagnostiek is namelijk vrouwen 

met dubbelzijdige tubapathologie - met een vrijwel uitzichtloze kans op 

spontane zwangerschap - te identificeren, zodat zij met in-vitro-fertilisatie 

(IVF) of tubachirurgie behandeld kunnen worden. Om de onderzoeksvraag te 

beantwoorden, gebruikten we de gegevens van 3716 vrouwen die een tubatest 

ondergingen binnen een nationaal cohort onderzoek naar de waarde van de 

testen uit het oriënterend fertiliteitonderzoek. Elementen uit de anamnese werden 

gerelateerd aan tubapathologie. Met behulp van multivariabele 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 bilaterale afwijkingen. Beide modellen konden matig goed 

vrouwen met en vrouwen zonder tubapathologie onderscheiden, met AUC’s 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 afwijkingen. Een simpele diagnostische score kaart werd 

ontwikkeld om beide modellen in de dagelijkse praktijk eenvoudig te kunnen 

gebruiken. Enkele rekenvoorbeelden laten zien dat een meer mathematisch 

gebruik van de anamnese zou kunnen leiden tot een efficiëntere inzet van de 

beperkt beschikbare diagnostische laparoscopie. 

Hoofdstuk 6 beschrijft de prognostische waarde van hysterosalpingografie 

en laparoscopie voor het optreden van een spontane zwangerschap in een 

doorsnee subfertiele populatie. Uit gegevens die prospectief verzameld waren in 

38 fertiliteitcentra werden die vrouwen geselecteerd die als onderdeel van het 

fertiliteitonderzoek een HSG danwel een laparoscopie ondergingen. Vrouwen 

werden tot 12 maanden na het moment van tubadiagnostiek opgevolgd. Follow-

up gegevens werden gecensureerd op het moment van het laatste patiëntcontact, 

indien een vrouw niet zwanger werd binnen de follow-up periode, of op het 

moment dat een fertiliteitbehandeling gestart werd. De bevindingen van het HSG 

of de laparoscopie werden gecorreleerd aan de tijd tot spontane zwangerschap. 

Kaplan-Meier curves werden gemaakt voor vrouwen zonder afwijkingen, voor 

vrouwen met unilaterale tubapathologie en voor vrouwen met dubbelzijdige 

afwijkingen bij het HSG of de laparoscopie. Met multivariabele Cox regressie analyse 

werd de associatie tussen tubapathologie en het optreden van een zwangerschap 
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gemodelleerd. In totaal konden 3301 vrouwen geïncludeerd worden. Hiervan 

ondergingen 2042 vrouwen een HSG, 747 een diagnostische laparoscopie en 511 

vrouwen zowel een HSG als laparoscopie. Het HSG was unilateraal afwijkend in 322 

vrouwen (13%), en bilateraal afwijkend bij 135 vrouwen (5%). Bij de laparoscopie 

was in 167 vrouwen (13%) sprake van unilaterale pathologie, en in 215 vrouwen 

(17%) bilaterale pathologie. Multivariabele analyses resulteerden in een fertiliteit 

ratio (FR) van 0.81 (95% BI 0.59-1.1) voor unilaterale, en 0.28 (95% BI 0.13-0.59) 

voor bilaterale tubapathologie op het HSG. Voor laparoscopie bedroeg de HR 

0.85 (95% BI 0.47-1.52) voor unilaterale, en 0.24 (95% BI 0.11-0.5) voor bilaterale 

tubapathologie. Op basis van dit onderzoek kan geconcludeerd worden dat 

vrouwen met eenzijdige tuba afwijkingen op HSG en laparoscopie een matige, niet 

significante verlaagde spontane zwangerschapskans hebben, terwijl een bilateraal 

afwijkend HSG of laparoscopie de kans op spontane zwangerschap in hoge mate 

verminderd. Deze verlaagde fertiliteit prognose was van gelijke grootte voor het 

HSG en de laparoscopie, hetgeen inhoudt dat beide testen een vergelijkbare 

prognostische waarde voor het optreden van spontane zwangerschap hebben. 

Hoofdstuk 7 beschrijft een onderzoek naar de prognostische waarde van 

positieve Chlamydia trachomatis antistoffen op het optreden van een spontane 

zwangerschap als invasieve tubadiagnostiek geen afwijkingen heeft laten zien. 

Hiervoor werd een cohort ovulatoire vrouwen, bij wie een HSG of laparoscopie 

doorgankelijke tubae toonde, en die getest waren op de aanwezigheid 

van C. trachomatis immunoglobuline (IgG) antistoffen met hetzij micro-

immunofluorescentie technieken (MIF) danwel een ELISA test, onderzocht. CAT 

serologie werd als positief beschouwd indien de MIF titer ≥ 1:32 was of indien 

de ELISA index > 1.1 bedroeg. De spontane zwangerschapskans na 12 maanden 

follow-up werd berekend, waarbij tijd tot zwangerschap gecensureerd werd 

op het moment van het laatste patiëntcontact, indien een vrouw niet zwanger 

werd binnen deze periode, of op het moment dat een fertiliteitbehandeling 

gestart werd. De associatie tussen positieve CAT en doorgaande zwangerschap 

werd gemodelleerd met Cox regressie analyses. Van de 1882 vrouwen met 

doorgankelijke tubae, werden er 338 (18%) spontaan zwanger binnen het jaar 

(geschatte cumulatieve zwangerschapskans 31%; 95% BI 27%-35%). Omdat de 

aannames voor het toepassen van Cox regressie analyses geschonden werden 

na 9 maanden follow-up, wat noch op basis van klinische, noch op basis van 

statistische gronden verklaard kon worden, moesten de regressie analyses tot 9 
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maanden follow-up duur beperkt worden. Toch waren positieve C. trachomatis 

IgG antistoffen duidelijk en statistisch significant geassocieerd met een 33% 

lagere kans op doorgaande zwangerschap (gecorrigeerde fertiliteit ratio 0.66 

(95% BI 0.49-0.89). Wij concluderen daarom dat CAT in het fertiliteitonderzoek 

niet alleen diagnostisch, maar ook prognostisch relevant is, zelfs nadat HSG of 

laparoscopie evidente tubapathologie heeft uitgesloten. Subfertiele vrouwen 

met een positieve CAT maar met normale tubae hebben een duidelijk lagere kans 

op spontane conceptie dan de CAT negatieve vrouwen bij wie tubapathologie 

uitgesloten is. Na externe validatie in een andere studie, zou deze nieuwe 

bevinding toegevoegd kunnen worden aan bestaande prognostische modellen 

voor spontane zwangerschap. 

Hoofdstuk 8 tenslotte geeft een algemene bespreking van de resultaten uit 

dit proefschrift, beschrijft de klinische implicaties en bevat aanbevelingen voor 

toekomstig onderzoek. 

Hoofdstuk 10 bestaat uit een epiloog, in welke de resultaten van drie proefschriften 

uit onze tubapathologie onderzoeksgroep geïntegreerd worden. 
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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 characteristics 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 Fluorescence (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). Additional 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 
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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 diagnosis 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 indicators in the history and a negative CAT result), the sensitivity of HSG was 

low, but the specificity 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 problems 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. 
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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 prognostic 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-effective 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., 2012; submitted). 

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 cost. 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 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 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 can be counselled 

to choose between expectant management, intra uterine insemination and 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). 
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Our recommendation and findings can serve as a framework for a new evidence 

based guideline 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 correspondence 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 significantly 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 communications 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 subfertility, 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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