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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 airflow 

into the abdomen or a drop in pressure during insufflation. In 1925, Heuser was the first to 

report on the use of lipiodol in HSGs (Heuser, 1925). Lipiodol, like Collargol an oil-soluble 

contrast medium but with a lower viscosity, proved less toxic and was widely accepted 

(Hanlo, 1930).  Gradually lipiodol was replaced by a water-soluble contrast medium (WSCM) 

for several reasons: lower cost, better imaging of the tubal mucosal folds and ampullary 

rugae (Soules and Spandoni, 1982), lower viscosity and more prompt demonstration of 

tubal patency reducing the need for a delayed film, lower likelihood of persistence of 

contrast medium within the pelvic cavity and of 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., 
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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 (Te Linde’s Operative 

Gynecology, 1992; Trimbos-Kempers, 1981). It was not until 1946 before Palmer in France 

introduced laparoscopy and dye test (synonyms:  dye pertubation, chromopertubation) into 

gynaecologic practice for the assessment of tubal patency and published his first 250 cases 

(Palmer, 1946; Palmer 1962). 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 

proefschrift.indb   14 6-5-2013   09:33:06



Introduction

15

that one in eight women with this condition should benefit from surgery, but the monthly 

fecundity rate among women who underwent surgery (6.1%) was much lower than the rate 

expected in fertile women (20%). Whether DL with dye pertubation has a positive effect 

on pregnancy rate is not known. One randomised controlled trial showed no difference 

between pertubation with an OSCM versus a WSCM (Al-Fahdli et al., 2006).

Chlamydia Trachomatis antibody testing
Chlamydia Trachomatis infection, a sexually transmitted disease (STD), is a major cause 

of pelvic inflammatory disease (PID), which can lead to chronic abdominal pain, ectopic 

pregnancy and tubal pathology (Weström and Wolner-Hanssen, 1993; Paavonen and 

Eggert-Kruse, 1999). The causal relationship between Chlamydia Trachomatis and genital 

tract infection was established in 1958 (Collier et al., 1958). C. Trachomatis targets the 

epithelial cells of the cervix. In the Netherlands an estimated 35 000 cases of Chlamydia 

cervicitis occur annually (Health Council of the Netherlands, 2004). 

Early infection can be detected by culture of cervical swabs and treated effectively with 

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 C. Trachomatis IgG antibodies in serum and tubal pathology 

was noted, Chlamydia Antibody tests (CAT) were introduced as screening tests in the work-

up of subfertile couples to provide the clinician with a risk estimate of the presence of tubal 

pathology (Punnonen et al., 1979; Den Hartog et al., 2006). CAT is a non-invasive, non-

expensive and easy to perform test, but does not provide images of the uterine and tubal 

anatomy nor of the pelvis.  

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 
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Veress-needle trocart system and warm normal saline is injected through this system into 

the pelvic cavity. It allows direct visualization of peritubal - and peri-adnexal adhesions and 

endometriotic implants. Tubal patency can be assesses by injection of methylene blue into 

the uterine cavity like at laparoscopy (Gordts et al., 1998). These techniques will not be 

further discussed, because few studies are available that evaluate the diagnostic accuracy 

and predictive performance on pregnancy rates of these tests.

The performance of HSG, laparoscopy and CAT in terms of accuracy and 
fertility prognosis
Since the early nineteen seventies many studies on the performance of HSG and CAT for 

the assessment of tubal pathology have been published. In these studies laparoscopy is 

usually the reference test. The ideal (or ‘gold standard’) test for tubal disease would correctly 

identify all women with tubal disease. It would be a sensitive test (i.e. the test result would 

be positive in all women with the disease) and it would also be specific (i.e. the test result 

would be negative only in women without the disease).

In a systematic review from 20 studies published between 1968 and 1994 on the diagnostic 

accuracy of HSG compared with laparoscopy, only 3 studies could be identified in which 

the judgement of tubal pathology at laparoscopy was independent of the knowledge of 

HSG results and thus preventing observer bias (Swart et al., 1995). A meta-analysis of these 

studies showed a sensitivity of 65% and a specificity of 83% for HSG for diagnosing tubal 

patency. HSG was unreliable for diagnosing peri-adnexal adhesions (Swart et al., 1995). 

The accuracy of serum Chlamydial antibodies (CAT) was assessed in another meta-analysis 

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

titers depended on the immuno-assays used and that the diagnosis of any tubal pathology 

was comparable with that of HSG in diagnosing tubal occlusion (Mol et al., 1997). The 

negative predictive value (NPV) of CAT in subfertile women was 75-90%, making the 

presence of tubal pathology in women with a negative CAT less likely, whereas the positive 

predictive value (PPV) of CAT ranged between 30 and 65%, indicating a high false-positive 

rate if laparoscopy is performed in CAT positive women  (Den Hartog et al., 2006). 

In a study performed in 1995, diagnostic laparoscopy failed to be an ideal predictor for 

future fertility (Collins et al., 1995). In a prospective cohort study of 794 women, laparoscopy 

performed better than HSG as a predictor of future fertility (Mol et al., 1999). In this study 

HSG showed a fecundity rate ratio (FRR) of 0.8 and 0.49 for one-sided and two-sided tubal 

occlusion, whereas in laparoscopy these were 0.51 and 0.15, respectively. After a normal 

HSG or a HSG with one-sided occlusion, laparoscopy showed two-sided occlusion in 5% of 

these women and their fertility prospects were almost zero. If two-sided tubal occlusion 

was detected on HSG but not during laparoscopy, fertility prospects were slightly impaired. 

Fertility prospects after bilateral occlusion on HSG were strongly impaired in case laparoscopy 

showed one-sided and two-sided occlusion, with FRRs of 0.38 and 0.19, respectively. 

proefschrift.indb   16 6-5-2013   09:33:06



Introduction

17

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

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; ASRM, 2006; NVOG, 2004) and there is no 

consensus on which test should be initially used, or on the most effective or cost-effective 

sequence of tests (Fatum et al., 2002; Perquin et al., 2006; Bosteels et al., 2007; Den Hartog 
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et al., 2008). In many fertility clinics, CAT is used ahead of more invasive tests such as HSG 

or laparoscopy, whereas in other clinics CAT is not used at all and all women are directly 

referred for HSG or even laparoscopy. 

Because of these inconsistencies in tubal assessment of subfertile women and the importance 

of early identification of women with bilateral tubal pathology, who have significantly 

reduced conception chances, our research has focused on the effective and efficient use of 

tools and resources available in clinical practice. 

We therefore critically reappraised the literature dealing with tubal pathology in the subfertile 

population by using STARD criteria and IPD meta-analysis of diagnostic and prognostic 

studies if possible and used the data obtained from a large multicentre prospective cohort 

study among subfertile couples that had completed their basic fertility work-up collected in 

38 clinics in the Netherlands between 2002 and 2004.  The results of these studies will be 

presented in 3 theses.

- Diagnostic tests for tubal pathology from a clinical and economic perspective (H.R. 

Verhoeve)  

- Diagnostic and prognostic aspects of tubal patency testing (S.F. Coppus)  

- Diagnosing tubal pathology -the individual approach- (K.A. Broeze)

Background and outline of thesis 

In daily practice, all diagnostic processes start with medical history taking and physical 

examination before diagnostic tests are performed. For diagnosing tubal pathology the 

current guidelines all recommend medical history and physical examination as the primary 

evaluation in the fertility work-up. 

Over decades, many studies have been performed to establish the optimal strategy to 

diagnose tubal pathology in subfertile women. Initially, diagnostic studies only focused 

on the tubal patency test of interest. Later, also information from medical history and 

physical examination was taken into account to identify women at risk for tubal pathology. 

To estimate the optimal work-up for tubal pathology for an individual patient requires 

integrating all available data from medical history, physical examination, tubal patency 

tests and subsequent pregnancy rates. Using these data from existing, original, studies and 

pooling them in a meta-analysis supplies a maximum amount of data and provides the 

highest level of evidence. Unfortunately, the methodology of diagnostic and prognostic 

studies hampers optimal use of their data in a meta-analysis, since they typically examine the 

accuracy of a test in isolation from medical history and clinical examination. 

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 this approach allows the development or evaluation of diagnostic 

algorithms for individual patients. 
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In this thesis we perform four individual patient data (IPD) meta-analyses in which we 

approach all authors of eligible studies for inclusion of their complete, original data in a 

summary database. 

Since no IPD meta-analyses have ever been performed in diagnostic research before, we 

first focus on the applicability of this type of research for diagnostic studies in reproductive 

medicine. We describe the advantages and flaws of this new approach of diagnostic 

evidence synthesis. 

Hereafter, we perform two IPD meta-analyses by which we determine the best performing 

Chlamydia antibody test (CAT) essay, and investigate the influence of patient characteristics 

on the diagnostic accuracy of hysterosalpingography (HSG). Next, all available information 

from clinical history, physical examination is combined with the results of CAT and HSG in a 

third IPD meta-analysis to estimate the best diagnostic strategy for the diagnosis of unilateral 

and bilateral tubal pathology. 

Finally, in a fourth IPD meta-analysis, we use all available information to predict the chances 

of natural conception after HSG or diagnostic laparoscopy. 

In Chapter 2 we show the advantages and disadvantages of conventional systematic 

reviews and meta-analyses. We address the differences between this conventional approach 

and IPD meta-analyses and describe the opportunities for IPD meta-analysis in reproductive 

medicine, using three clinical examples; ovarian reserve testing, tubal patency testing and 

single versus double embryo transfer.

In Chapter 3 we introduce IPD meta-analysis for diagnostic and prognostic research in 

obstetrics, gynaecology and reproductive medicine. The general methodology of this 

innovative research approach and its applicability for diagnostic studies on, for example, 

tubal pathology is described. 

In Chapter 4 an IPD meta-analysis is performed to re-assess the diagnostic accuracy of three 

essays of the Chlamydia antibody test. For this meta-analysis we use continuous test results 

from 6191 women to determine the best performing CAT essay.

In Chapter 5 data from seven primary studies are pooled in an IPD meta-analysis to 

describe the association of individual patient characteristics from clinical history and physical 

examination and diagnostic accuracy of hysterosalpingography. 

In Chapter 6 we present a multivariable diagnostic approach for subfertile women in which 

patient characteristics and the results of CAT and HSG are integrated. Based on this IPD 

meta-analysis we provide a diagnostic score chart to calculate the predicted probability of 

unilateral and bilateral tubal pathology.

In Chapter 7 a prognostic IPD meta-analysis is performed in which we included data of 6160 

women from 8 original studies. Using these data, we assess the predictive capacity of HSG 

and diagnostic laparoscopy for spontaneous pregnancy chances in women with different 

profiles and investigate the possible added value of these tubal patency tests over patient 

characteristics obtained from medical history and physical examination.
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In Chapter 8 we provide a general discussion of the results of the studies presented in this 

thesis and comment on the implications of these findings.

In Chapter 9 we give a summary of 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

Systematic reviews and accompanying meta-analyses are the cornerstones of evidence based 

medicine. Systematic reviews summarize clinical evidence; meta-analyses provide summary 

estimates of treatment effect or diagnostic test accuracy. Although deemed to provide the 

highest level of evidence, their clinical value is limited as they can only summarize aggregated 

data. In these meta-analyses the true variability of the treatment effects can not be explored 

to the desired extent, because the meta-analyses cannot distinguish between patients with 

different clinical profiles. Systematic reviews and meta-analyses based on individual patient 

data (IPD), described as the ‘gold standard’ for systematic reviews, are a promising approach 

that might overcome these limitations. IPD meta-analyses allow treatment effects and 

diagnostic accuracy to be estimated at the level of relevant patient subgroups. This enables 

researchers to investigate effectiveness of treatment in patients with different profiles. 

In this article, we address the opportunities of systematic reviews and meta-analyses using 

individual patient data in reproductive medicine. We discuss its potential based on three 

clinical examples: single versus double embryo transfer in IVF, the diagnosis of tubal pathology 

and the prognostic value of ovarian reserve tests. We propose to show potential advantages 

of IPD systematic reviews and meta-analyses in providing stratified clinical evidence, which 

could improve medical care. 
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Introduction

Since the 1980’s, there is a growing consensus that clinical decision making should be 

supported by judicious and conscientious use of current best evidence from medical care 

research (Sackett et al., 1985). In view of the steadily growing body of published literature, 

there is a need to summarize the available knowledge in a systematic and transparent way. At 

present, systematic reviews and meta-analyses provide the highest level of scientific evidence 

by summarizing findings published in literature and estimating the overall treatment effect, 

diagnostic test accuracy or prognostic value (Montori et al., 2003; Sackett et al., 2007). 

Conventional systematic reviews and meta-analyses rely on aggregated information. Since 

there is usually no access to data other than those reported by the original authors, the 

meta-analyses are restricted by the analyses performed in the original studies, which may be 

difficult to merge into a summary analysis and it is not possible to perform more detailed 

analyses, such as analyses of time-to-event data or analyses that take into account patient 

level covariates (Stewart and Tierney, 2002). 

Access to and analysis of original data from the relevant studies could potentially overcome 

the limitations of conventional meta-analyses and provide the opportunity to integrate 

patient characteristics into the analyses (Khan et al., 2003; Stewart and Tierney, 2002). This 

alternative approach to the conventional meta-analysis is called individual patient data (IPD) 

meta-analysis. 

At present, systematic reviews and meta-analyses using individual patient data are rarely 

used in reproductive medicine. We hypothesize that IPD based systematic reviews and 

meta-analyses, although yet relatively unknown in the reproductive medicine literature, will 

become much more frequently used techniques to further improve the quality and clinical 

usefulness of systematic reviews. In this article we will discuss in more detail the drawbacks 

of conventional systematic reviews and meta-analyses. We will describe the opportunities 

and potential pitfalls of systematic reviews and meta-analyses using individual patient data 

and we will conclude with its applicability in reproductive medicine, both for therapeutic as 

well as for diagnostic and prognostic research.

Conventional systematic reviews and meta-analyses
Systematic reviews and conventional meta-analyses are established methods for generating 

high level evidence to support the development of clinical practice guidelines within the 

arena of evidence based medicine (EBM). They are used to summarize the results of 

multiple primary studies, allowing a solid base for rational decisions about clinical practice. 

Such studies could address questions regarding the effectiveness of clinical interventions 

(randomized clinical trials), the accuracy of diagnostic tests (diagnostic accuracy studies), or 

of prognostic markers or clinical prediction models (prognostic studies).

In a systematic review, a thorough, computerized search is performed meticulously to 

detect all studies that could contribute to answer the research question. Studies suitable 
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for inclusion are then critically examined (preferably by two independent researchers) to see 

whether they meet specific inclusion criteria. Subsequently, the methodological quality of 

the included studies is assessed using design-based quality checklists, such as the CONSORT 

statement for (randomised) clinical trials and QUADAS for diagnostic research (Begg et al., 

1996; Khan et al., 2003; Montori et al., 2003; Tseng et al., 2008; Whiting et al., 2003). 

Systematic reviews based on randomised clinical trials aim to evaluate the effect of a 

therapeutic intervention for patients with a specific condition. Reviews of studies of 

diagnostic test accuracy assess the ability of a test to distinguish between patients with 

the target condition and patients without the target condition and reviews of prognostic 

studies investigate associations between risk factors and the occurrence of future events. 

In meta-analyses of intervention studies the treatment effect is estimated by calculating 

summary measures of effectiveness, such as relative risk, risk difference or odds ratio, based 

on pooling the effects of all included studies. In diagnostic and prognostic meta-analyses, 

the outcome measurements of interest include sensitivity-specificity pairs, predictive values 

or diagnostic odds ratios. Whether such pooling of outcomes leads to meaningful results, 

depends on the clinical research question, the included evidence and the total amount of 

estimated heterogeneity.

Drawbacks of conventional systematic reviews and meta-analyses 
Conventional systematic reviews and meta-analyses of intervention studies suffer from 

a number of drawbacks. First, these analyses are -by definition- based on aggregated 

results, reported in primary studies. Also, as both journals as well as primary investigators 

are often more likely to publish positive results, this can lead to publication bias in the 

summary estimates. Studies reported in languages other than English are often excluded. 

This systematic exclusion of studies can also lead to less accurate or even biased study results 

(Montori et al., 2003;Stewart and Parmar, 1993). 

Second, conventional systematic reviews are dependent on the quality of the primary studies 

and the way this quality is reported (Stewart and Tierney, 2002).

Third, end points of follow-up in the study might be different than those of primary interest 

in the review, misleading the study results. The overall treatment effect in a conventional 

meta-analysis might be overestimated due to the combination of excluded patients, short 

duration of follow-up and analysis of fixed end-points in the original studies (Stewart and 

Parmar, 1993).

Finally, the treatment effect may not be identical across patient subgroups. An intervention 

may be more effective in, say, younger patients and less so in the elderly or vice versa. Yet 

most studies do not have the power to explore subgroups and only report an overall effect. 

This can be interpreted as a kind of average effect over all included patient subgroups. In 

practice, the clinician facing a patient in a clinical setting may be more interested in the 

subgroup specific effect, not in the average effect (Stewart and Tierney, 2002).
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Conventional systematic reviews and meta-analyses of diagnostic accuracy studies face a 

number of other challenges. First, many diagnostic studies are based on routinely collected 

data and therefore more susceptible to bias than randomised trials (Rutjes et al., 2006). 

Second, the most common measure of diagnostic accuracy is the combination of sensitivity 

and specificity. These vary with the target population, the spectrum of disease, with 

characteristics of the index test and clinical reference standard and with differences in the 

threshold for test positivity. Variation in these factors can lead to heterogeneity between 

studies, complicating the performance of a meta-analysis and decreasing the validity of the 

summary estimates (Leeflang et al., 2008; Mallett et al., 2006; Virgili et al., 2009). Third, 

the quality of reporting in many original diagnostic studies is poor. For example, verification 

and inclusion bias can arise from imprecise definitions of the index test and reference tests 

and loose criteria for the included population and target disease (Leeflang et al., 2008). 

Fourth, in clinical practice, a diagnostic work-up may well consist of several combinations of 

single tests, used in certain sequences. The diagnostic value of the last test in a sequence 

may then depend on the results of previous tests. Original studies are often not designed 

to evaluate diagnostic strategies and do not report on selections made in these strategies. 

Therefore, the value of such diagnostic strategies or pathways cannot be evaluated based 

on overall accuracy estimates, as currently reported in most diagnostic studies. Also, patient 

characteristics such as age or disease status are often not integrated in the assessment of 

overall test accuracy, although the test accuracy may differ across subgroups defined by 

age or other features. In view of these pitfalls, the results of the conventional diagnostic 

meta-analyses can only be applied to the average patient and may not be applicable to more 

stratified diagnostic strategies used in clinical practice (Broeze et al., 2009; Khan et al., 2003; 

Tatsioni et al., 2005).

Conventional systematic reviews and meta-analyses of prognostic studies face methodological 

challenges of a different nature. Due to the absence of widely agreed quality criteria most 

prognostic studies are of low quality and prone to publication bias. Compared to diagnostic 

meta-analyses, prognostic meta-analyses are also hampered by variations in inclusion criteria, 

study design, statistical analyses and outcome measurements (Altman, 2001; Hayden et al., 

2006).

A potentially more coherent approach to summarizing the evidence from multiple primary 

studies is to acquire the original data from included studies, and to perform statistical 

analyses at the individual patient level to obtain summary estimates. We will explore this in 

the next section.
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Systematic reviews and meta-analyses using individual 
patient data 

Some of the drawbacks and biases of conventional systematic reviews and meta-analyses can 

potentially be resolved by obtaining individual patient data of the original studies provided 

by the corresponding author. 

Outline of systematic reviews and meta-analyses using IPD
The first step in a systematic review based on individual patient data, the selection of 

eligible studies to answer the detailed research question, does not differ from that of a 

conventional systematic review. After this selection, corresponding authors of eligible studies 

are approached by email, letter or telephone and invited to provide the original data to the 

central analysis group that will perform the IPD meta-analysis. This central analysis group then 

collects the available data and checks these for inconsistencies with the published results. 

When data are compatible they are merged together in a single database. The quality of 

the original studies is carefully evaluated, using quality checklists as the CONSORT statement 

and QUADAS guideline. The original study authors are contacted to clarify unresolved issues 

in methods, data or outcomes. The original authors are also invited to identify unpublished 

or ongoing studies that they are aware of. In this way, unpublished data or follow-up data 

can be added to the IPD meta-analysis. Imputation can be used for missing data at the 

individual patient level. 

The second step is to establish a central analysis group and an advisory board or steering 

group, consisting of medical specialists, epidemiologists and statisticians, to discuss planned 

analyses and preliminary results in detail. After consultation of the advisory board, meetings 

with the original authors are organized to discuss results of the meta-analysis and any new 

insights that might have arisen (Simmonds et al., 2005; Stewart and Tierney, 2002).

The third step is to perform statistical analyses. This can be done in a one-stage or on a two-

stage approach. In a one-stage approach data from individual studies are pooled together 

and an overall summary effect is estimated. This approach may adjust to some extent for 

the heterogeneity in the included studies, e.g. by including study as a fixed effect in the 

analyses, or by allowing the effects to vary randomly between studies (random effects). 

In a two-stage approach data are first analysed for each individual study separately. These 

study-specific estimates are subsequently combined in a conventional meta-analysis to give a 

summary estimate of the treatment effect. The amount of heterogeneity can be expressed 

using the I2 statistic, similar to conventional meta-analyses. As outcomes of many RCT’s, 

as well as diagnostic and prognostic research, are dichotomous (mortality, disease status, 

occurrence of an event), a common statistical method to estimate an overall effect in an IPD 

meta-analysis is logistic regression modeling. 

Access to patient level primary data and increased samples sizes may permit meaningful 

subgroup analyses. These can be performed by direct selection of specific patient subgroups 
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or – preferably- by inclusion of patient characteristics as covariates and to estimate interaction 

effects in a regression model. Sensitivity analyses can be performed, using subsets of studies. 

Comparison of these results with the results of the complete set of studies may elucidate 

the impact of study selection on the final outcome (Simmonds et al., 2005; Stewart and 

Tierney, 2002). 

The final step is to report the results in one or more papers. Manuscripts are reviewed by the 

full collaborative group before submission to a journal and all publications are authored by 

the collaborative group (Broeze et al., 2009; Simmonds et al., 2005; Stewart and Tierney, 

2002).

Advantages of systematic reviews and meta-analyses using IPD
Systematic reviews and meta-analyses of randomised clinical trials that use individual patient 

data have several potential advantages. First of all, direct contact and collaboration with 

the original authors has major benefits. These authors are experts on the specific research 

topic and might be aware of unpublished or ongoing studies. The possibility to include such 

studies in the systematic review reduces the risk of publication bias. Poor reporting, which 

is a major problem in all types of research in reproductive medicine, can be counteracted 

by direct contact with the authors, who can supply the missing or incomplete information 

on study design or outcomes. Obviously, direct contact with authors is also possible in 

conventional meta-analysis and is recommended as such by the Cochrane Collaboration.

Second, the availability of the original data and study protocols permits a more detailed 

assessment of study quality, including methods of randomisation, allocation concealment, 

and completeness of follow-up. Researchers performing an IPD systematic review of clinical 

trials are able to assess the method of randomisation from the trial protocols and to further 

examine the integrity of randomisation by checking for comparability of prognostic factors 

across treatment arms. Collection of the individual patient data may allow incorporation of 

follow-up data, enabling estimation of live birth rates instead of pregnancy rates. IPD meta-

analysis also allows the inclusion of all randomly assigned patients in the analyses according 

to the intention to treat principle, even those excluded from analysis in the original trials (Vail 

and Gardener, 2003; Dias et al., 2006; Chalmers, 1993; Piedbois and Buyse, 2004; Stewart 

and Parmar, 1993). 

Third, access to the original data means that previously inconsistent data can be made 

compatible and merged into a single database. Examples of this are manifold: continuous 

results in stead of dichotomized cut-off values can be used or conversions of different assays 

can be made. Identical, but slightly different defined variables, can be adjusted and analysed 

together. Imputation assumptions and rules can be made consistent across all studies and 

the hierarchical nature of subfertility data can be taken into account. In subfertility trials 

multiple observations per woman, such as multiple treatment cycles, multiple oocyts or 

multiple embryos, introduce so-called ‘unit of analysis’ errors, since the randomization is 

based on the included women, but in the analysis the treatment effect is often estimated 
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Table I. Overview of advantages & disadvantages of conventional meta-analyses and meta-analyses based 
on individual patient data. 

Advantages Conventional meta-analysis &IPD meta-analysis

Objective approach of summarizing clinical evidence

Increase sample size

Increase statistical power of effect

Estimate heterogeneity

Generalize conclusions for range of patients

Analysis continuous data

Direct contact with trialists

Feasible for excessive required sample sizes, expensive therapies or logistic problems

IPD meta-analysis

Addition of follow-up data

Time-to-time-event and “sequence” analysis

Better analysis of subgroup data

Combination different scales of measurement

Analysis of differently defined outcome measures

Allow in-depth exploration of patient factors

Exploration of the effect of patient exclusions

Combat poor reporting

Disadvantages Conventional meta-analysis & IPD meta-analysis

Poor quality of reporting original studies

Problems with incomplete data 

Conventional meta-analysis

Limited by published analyses

Overestimation treatment effect

Patient characteristics not taken into account

Sequence of tests not taken into account

Poor adjustment for individual patients

Poor adjustment for heterogeneity between studies

IPD meta-analysis

Time consuming

Expensive

Some studies not available for IPD

Technique is not as well known
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per treatment cycle of per embryo transfer. Using the individual patient data treatment 

effects or adverse events of treatment, such as ovarian hyperstimulation syndrome, ectopic 

pregnancies or miscarriages, can be estimated per woman, offering a more valid outcome 

(Vail and Gardener, 2003; Dias et al., 2006).

Fourth, IPD meta-analysis offers the possibility to perform additional types of analyses. Time 

to event analyses can be performed for different time points, for example time to recurrence, 

or time to pregnancy. Different scales of measurements or different outcome measurements 

can be integrated in the analyses, leading to more extensive use of available data. 

Finally, using individual patient data, study-level as well as patient-level factors can be 

explored and included in the meta-analysis, allowing a more detailed exploration of potential 

sources of heterogeneity in study results. Analyses can be based on specific subgroups 

of patients and variations of the summary effect within such patient subgroups can be 

assessed, allowing a better understanding of the effects of therapy (Bekkering et al., 2009; 

Stewart and Tierney, 2002). 

The full potential of systematic reviews and meta-analyses using IPD in diagnostic accuracy 

research has yet to be explored, but there are some major theoretical advantages. First, the 

use of original individual patient data makes it possible to adjust for baseline differences in 

study design and study populations. 

Second, continuous test results can be analysed using the original continuous data values, 

rather than the dichotomized test values that are generally reported. This increases the 

amount of information in the analyses and enables the estimation of the most optimal cut 

off value for the test of interest. 

Third, features from the patient’s history and examination, if collected in the original study, 

can be integrated into the analyses to evaluate the most efficient diagnostic work-up, 

resulting in a more stratified diagnostic strategy. 

Finally, several combinations and sequences of tests can be taken into account and used to 

perform analyses in which the interactions between test results are integrated (Broeze et al., 

2009; Khan et al., 2003).

Although systematic reviews and meta-analyses using IPD are not yet established in prognostic 

research, they might have potential advantages as well. Access to individual patient data 

allows the use of more variables, which can then be integrated in multivariable prognostic 

summary models. Such models may prove to be very valuable in informing patients and in 

diagnostic and therapeutic decision making (Harrell, Jr. et al., 1996; Steyerberg et al., 2000). 

For example, in reproductive medicine, the treatment effect and therefore the prognosis of 

the first period or cycle often affects the participation and treatment choice in subsequent 

cycles. Also, when pregnancy or live birth occur, treatment stops. In IPD meta-analysis it is 

possible to take into account the results of the previous cycles when estimating the overall 

prognosis of subfertility treatment (Vail and Gardener, 2003; Dias et al., 2006).
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Challenges of systematic reviews and meta-analyses using IPD
Despite all advantages, systematic reviews and meta-analyses using individual patient 

data also present some challenges. They can be time consuming, mainly due to efforts 

required for data acquisition, data extraction and merging, and for getting input from the 

full collaborative group (Stewart and Tierney, 2002). Comparable to the conventional meta-

analytic approach, unpublished studies have to be searched or asked for by the trialists. 

Researchers of the central analysis group have to create the statistical approach and 

syntaxes by themselves, since there is still no format of analysis available. Collecting data 

from original authors can be difficult as study data, especially from older studies, may not 

have been appropriately archived. Occasionally, the original authors are not traceable and 

not all authors may be willing to share their data. The summary database may therefore 

contain only a subset of studies eligible for inclusion and reflect an incomplete coverage of 

available evidence. Techniques to handle this problem and to estimate a summary effect 

based on a combination of individual patient data and aggregate level data are currently 

explored (Clarke et al., 2007; Sutton et al., 2008; Riley et al., 2008; Riley et al., 2008). 

Opportunities for systematic reviews and meta-analyses 
using individual patient data in reproductive medicine

Conventional systematic reviews and meta-analyses in Reproductive Medicine
In reproductive medicine, many systematic reviews and meta-analyses have been published 

to date; mainly to investigate effects of interventions in infertility and assisted reproduction 

or to predict pregnancy rates after therapy. Since 1995, around 700 systematic reviews and 

approximately 35 meta-analyses in the area of reproductive medicine were published in 

Human Reproduction Update, generating high level scientific evidence. 

A systematic review of the association between HLA class II antigens and unexplained 

recurrent miscarriage demonstrates one of the limitations of conventional meta-analysis 

(Christiansen et al., 1999). The authors reported that the methodological quality of most 

included original studies was poor. Further limitations were the small numbers of included 

patients and the inclusion of patients not corresponding to the definition of recurrent 

miscarriage. This study shows that it is impossible to estimate a valid overall treatment 

effect, based on aggregated data, if patients with different definitions of the target disease 

are included. Two other meta-analyses have the same shortcomings. In a meta-analysis of 

the effect of therapeutic interventions to restore ovarian function and to achieve pregnancy, 

the use of the data from the individual studies turned out to be not feasible, because of 

marked variations in study design, patient selection and mode of intervention (van Kasteren 

and Schoemaker, 1999). In a meta-analysis on the effect of mild ovarian stimulation for 

IVF, small sample sizes of single studies and heterogeneity in patient inclusion criteria and 

outcomes did not allow a meaningful meta-analysis (Verberg et al., 2009).
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Ongoing systematic reviews and meta-analyses using individual patient data 
in Reproductive Medicine
At present, systematic reviews and meta-analyses based on individual patient data in 

reproductive medicine are still scarce. Although still in its infancy, we will briefly describe 

three currently conducted systematic reviews and meta-analyses using IPD in reproductive 

medicine to illustrate the possible advantages of this approach compared to conventional 

systematic reviews and meta-analyses.

The effectiveness of single versus double embryo transfer (SET resp. DET) in IVF treatment 

has been addressed in several randomised clinical trials. Two conventional meta-analyses 

showed a significant decrease in multiple pregnancy rates after IVF with SET (summary OR 

0.02 [95 % CI: 0.01 to 0.09] and 0.04 [95 % CI: 0.01 to 0.11]). Live birth rates after SET 

were halved compared to DET (OR 0.48 [95 % CI: 0.38 to 0.61] and 0.52 [95 % CI: 0.39 to 

0.68]) (Gelbaya et al., 2009; Pandian et al., 2005). 

In view of this data, the questions arise whether similar livebirth rates can be achieved with 

SET in women with a good prognosis or whether there are subgroups of patients with such 

unacceptably high rates of multiple pregnancies with DET that SET is the only safe option.

Conventional meta-analyses can not answer these questions, since analyses based on 

aggregated data are not able to take into account important variables like predictive 

characteristics of patients and embryos, variations in inclusion criteria, such as upper limits 

for female age, number of IVF cycles and various drug regimens in IVF protocols (Dare et 

al., 2004; Gelbaya et al., 2009; Pandian et al., 2005). The use of individual patient data and 

direct contact with the original authors might be able to overcome these problems to a large 

extent. Recently, the individual patient data of all eligible RCT’s on this topic were collected, 

to compare the clinical effectiveness of SET versus DET and to estimate summary odds ratios 

for live birth rate and multiple birth rate, adjusted for both patient characteristics as well as 

for laboratory characteristics that may influence the effectiveness of therapy (Harrild et al., 

2009). If successful, this IPD project could lead to a valid identification of patient subgroups 

that will benefit from SET or will be harmed by DET. 

A second clinical example of using individual patient data in a systematic review and meta-

analysis is in tubal testing in subfertile patients. The diagnosis of tubal pathology is usually 

based on results of the Chlamydia antibody test (CAT), hysterosalpingography (HSG) and 

diagnostic laparoscopy. 

A conventional meta-analysis of the diagnostic accuracy of the Chlamydia antibody test 

(CAT) showed a strong variation in overall accuracy; with sensitivity estimates ranging from 

21% to 90%, and specificity estimates from 29% to 100%, depending on the type of assay 

used (Mol et al., 1997). The summary estimate of HSG accuracy showed a sensitivity of 65% 

with a specificity of 83% (Swart et al., 1995). 

The assumption that these accuracies are stable across patient subgroups has never been 

tested explicitly. It may well be that in some groups of patients the accuracy of these tests 

is so poor that the tests should not be performed in these patients. There is only one 
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conventional systematic review that systematically identified possible risk indicators in the 

medical history for tubal pathology, but multivariable analyses could not be performed, as 

the construction of 2x2 tables per risk indicator did not allow correcting for their mutual 

dependence (Luttjeboer et al., 2009).

In view of the limitations of these conventional meta-analyses, there is still no consensus on 

which test should be used initially in the diagnostic work-up, in which sequence additional 

tests should be performed and what cut-off values should be used. 

Individual patient data meta-analyses may allow for the integration of different definitions of 

tubal pathology, of different CAT assays, studying several sequences of tests and continuous 

test results and risk indicators, based on both clinical history and physical examination. IPD 

meta-analyses could generate data leading to a more stratified diagnostic strategy. A study 

protocol, in which a systematic review and meta-analysis based on individual patient data 

concerning the diagnosis of tubal pathology is described in more detail, has been published 

recently (Broeze et al., 2009).  

A third clinical example of an IPD systematic review and meta-analysis, currently under way, 

is the predictive value of ovarian reserve tests for IVF outcome (van Disseldorp et al., 2009). 

Several ovarian reserve tests (ORT’s) have been used to predict outcome of IVF outcome in 

terms of oocyte yield or pregnancy rates. Based on these tests couples are counselled on 

their pregnancy chances prior to IVF, and individual dose adjustments are often suggested. 

Although these ORT’s are capable of predicting response to ovarian stimulation, they predict 

pregnancy outcome poorly. Therefore, the use of ORTs as screening tests to select patients 

for IVF treatment has been discouraged (Broekmans et al., 2006). 

Up to date, the predictive value of ORT’s in most original studies is commonly assessed 

isolated from other test results or clinical information. Even female age is barely integrated 

into prediction models. Also, data on the predictive value of ORT’s for pregnancy outcome 

are often not available (Verhagen et al., 2008).    

Meta-analyses using individual patient data may, after addition of patient specific information, 

like female age, BMI or the etiology of subfertility, as well as the combination of several 

ORT’s, improve the predictive value of the prediction models (Lee et al., 2009). This might 

enable the creation of a predictive tool that identifies subgroups of women with specific 

pregnancy chances, based on their clinical profile. 

Conclusion

Systematic reviews and meta-analyses using individual patient data offer a promising, but 

challenging approach to summarize clinical evidence, thereby facilitating the application of 

evidence based medicine in reproductive medicine. Compared to conventional systematic 

reviews and meta-analyses, the value of IPD meta-analysis will depend on the specific research 

question and on the feasibility of acquiring patient level data for a substantial number of 
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primary studies. We briefly presented the opportunities of using individual patient data in 

the context of three ongoing IPD meta-analyses in reproductive medicine. Future results of 

these studies will show whether our hypothesis, that systematic reviews and meta-analyses 

with individual patient data contributes to better patient care in reproductive medicine, is 

true. 
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Abstract 

Background In clinical practice a diagnosis is based on a combination of clinical history, 

physical examination and additional diagnostic tests. At present, studies on diagnostic 

research often report the accuracy of tests without taking into account the information 

already known from history and examination. Due to this lack of information, together 

with variations in design and quality of studies, conventional meta-analyses based on these 

studies will not show the accuracy of the tests in real practice. By using individual patient data 

(IPD) to perform meta-analyses, 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. In this study we will examine these potential benefits in four clinical 

diagnostic problems in the field of gynaecology, obstetrics and reproductive medicine.

Methods/design Based on earlier systematic reviews for each of the four clinical problems, 

studies are considered for inclusion. The first authors of the included studies will be invited to 

participate and share their original data. After assessment of validity and completeness the 

acquired datasets are merged. Based on these data, a series of analyses will be performed, 

including a systematic comparison of the results of the IPD meta-analysis with those of a 

conventional meta-analysis, development of multivariable models for clinical history alone 

and for the combination of history, physical examination and relevant diagnostic tests and 

development of clinical prediction rules for the individual patients. These will be made 

accessible for clinicians. 

Discussion The use of IPD meta-analysis will allow evaluating accuracy of diagnostic tests 

in relation to other relevant information. Ultimately, this could increase the efficiency of 

the diagnostic work-up, e.g. by reducing the need for invasive tests and/or improving the 

accuracy of the diagnostic workup. This study will assess whether these benefits of IPD meta-

analysis over conventional meta-analysis can be exploited and will provide a framework for 

future IPD meta-analyses in diagnostic and prognostic research.

chapter 3.indd   46 6-5-2013   13:09:06



IPD meta-analysis for diagnostic and prognostic studies

47

Background

Ancient Egyptian medical papyri (1550 BC) already emphasised diagnosis by physical 

examination as the cornerstone of the decision to treat or not to treat an ailment (Nunn, 

1996). Today, the clinical assessment of the probability of a disease comes from a series of 

implicitly and explicitly performed tests. In addition to the implicit diagnostic information 

from history (risk factors and symptoms) and clinical examination (signs), many additional 

diagnostic imaging or laboratory tests are available. The accuracy of such tests requires to 

be appropriately assessed before they can be used in clinical practice.

Studies on primary diagnostic research typically examine the accuracy of a test isolated 

from history and clinical examination or do not adjust for overlap of information captured 

by clinical history, physical examination and additional tests. Such studies and conventional 

meta-analyses of their reported results will therefore not show how useful the test will be in 

practice (Bachmann et al., 2003; Khan et al., 2003; Miettinen and Caro, 1993).

In addition to the predominance of isolated, single test evaluations in published literature, 

variations in design and quality of studies on diagnostic topics (Chien and Khan, 2001; 

Fryback and Thornbury, 1991; Guyatt et al., 1986; Khan and Chien, 2001) make the 

interpretation of test accuracy data difficult (Hoffrage et al., 2002; Khan et al., 1999; Khan 

et al., 2001; Steurer et al., 2002). Systematic reviews and meta-analyses, by definition, can 

not overcome these difficulties (Lijmer et al., 1999). Apart from intrinsic flaws in the original 

studies and methodological challenges in statistically pooling results (Honest and Khan, 

2002; Irwig et al., 1995), there is concern about the generalisability of results of such meta 

analyses, due to the invalidity of assumptions about the constancy of accuracy measures 

(sensitivities, specificities, and likelihood ratios) across different patient groups (Mulherin 

and Miller, 2002; Ransohoff and Feinstein, 1978; Reid et al., 1995; Sheps and Schechter, 

1984; Song et al., 2002).

Due to the limited space in medical journals and the lack of standard procedures to make 

original data accessible, little empirical evidence is available about the influence of many 

patient and study characteristics (i.e. patients’ selection criteria, spectrum of disease, 

frequency of indeterminate test results and of drop outs, and the degree of blinding) on 

the estimates of diagnostic performance of tests (Lijmer et al., 1999; Whiting et al., 2004). 

Another limitation is the fact that many original reports of diagnostic and prognostic meta-

analyses report data only in a dichotomous way, since many test results that are continuous 

in nature are classified as abnormal or normal. By doing so, these meta-analyses are based 

on reduced information, thus neglecting the potential diagnostic information contained in 

continuous test results. They possibly give an overestimation of the accuracy by selection of 

optimal cut-off values in the original studies (Khan et al., 2003; Clarke and Stewart, 1997; 

Leeflang et al., 2008; Stewart and Parmar, 1993). 

As a consequence, it is difficult to make a good assessment of the generalisability of the 

accuracy of tests, either in an isolated situation as well in the context of other tests.
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In contrast with conventional meta-analysis of test accuracy studies, individual patient data 

(IPD) meta-analysis has the potential to establish the value of test combinations. First, in IPD 

meta-analysis test results can be analysed taking into account the continuous test results 

rather than the dichotomous classification that is generally used in reports of diagnostic 

and prognostic tests. The use of original continuous data instead of the dichotomized 

reported test results creates the possibility to detect a (gradual) relation between test result 

and disease and it makes it possible to estimate test accuracy at different cut-off values. 

Second, the additional information provided by diagnostic tests can be examined in light 

of the diagnostic information already known from history and clinical examination, and less 

expensive or less invasive tests (Mulherin and Miller, 2002; Clarke and Stewart, 1997; Lachs 

et al., 1992; Moons et al., 1997; O’Connor et al., 1996; Vamvakas, 1998). 

Assumptions about invariance of test accuracy across a range of disease prevalences (prior 

probabilities) can be tested. Finally, also the association across patient-level characteristics or 

between patient level and study level characteristics (setting, study design) can be assessed, 

without the ecological fallacy problem.

To our knowledge, no IPD meta-analyses of diagnostic or prognostic research have been 

conducted so far. In this paper we describe the outline of a research program to systematically 

evaluate the potential benefits of IPD meta-analyses in the evaluation of diagnostic tests. 

Thereby, we selected four clinical problems from gynaecology, obstetrics and reproductive 

medicine that will be used as clinical cases for this methodological project:

1. Diagnosis of endometrial cancer in women with postmenopausal bleeding (PMB)

2. Prediction of preterm birth 

3. Diagnosis of tubal pathology in subfertile women

4. Assessment of ovarian response in women undergoing in vitro fertilisation (IVF)

The objectives and research methods will be outlined below, and practical, methodological 

and clinical issues that we anticipate to encounter will be discussed.

Objectives of the study  

The major goal of this study will be the development of prediction rules and diagnostic 

algorithms for individual patients. We will create these rules and algorithms by performing 

IPD meta-analysis on the four clinical problems mentioned above. Within this major goal, we 

address both methodological as well as clinical objectives. 

Methodological objectives
First, we aim to contribute to the development of a framework for performing IPD meta-

analyses and to provide practical and methodological recommendations on how to perform 

an IPD meta-analysis in diagnostic and prognostic research. 
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Second, we will attempt to gain a better understanding of sources of heterogeneity between 

studies and to explore the role of missing values in this type of meta-analysis. 

Finally, we aim to compare IPD analyses with those based on aggregated data in conventional 

meta-analyses, to explore when the IPD approach is beneficial, and when a conventional 

approach suffices for reliable and unbiased estimates of diagnostic/prognostic accuracy. 

Clinical objectives
The clinical objective of the project is to create optimal diagnostic and prognostic strategies, 

incorporating probabilistic models for the individual patient profile and make them available 

to clinicians in ways that allow their practical integration with clinical practice. 

With the help of IPD meta-analysis we aim to re-analyse the estimates of diagnostic or 

prognostic accuracy of tests in their clinical context and for different subgroups and compare 

them to estimates resulting from a more conventional meta-analytic approach. 

Assuming that taking into account relevant patient and clinical history characteristics 

together with physical examination and several tests, by using probabilistic models, improves 

the accuracy and efficiency of the diagnostic work-up, this probabilistic approach could be 

used to improve clinical practice. 

In addition, current guidelines for the management for each of the four clinical examples will 

be adjusted to reflect the results of this study and to provide support for using probabilistic 

models in the clinical setting. 

Clinical examples of diagnostic/prognostic problems
Prediction rules and diagnostic algorithms will be developed for each of the four clinical 

problems: 

Postmenopausal bleeding

Post-menopausal bleeding (PMB) accounts for a large proportion of gynaecological 

consultations in both primary and secondary care (NVOG, 2003). In most instances, PMB 

results from benign causes. However, as endometrial cancer is present in 5-10% of PMB 

patients, further testing to exclude cancer is mandatory, but there is still controversy on 

the best diagnostic strategy. Currently, the first step in the diagnostic work-up of PMB is 

transvaginal sonography (TVS). There is debate on the value of transvaginal sonography, 

which could potentially be replaced by invasive investigations -hysteroscopy with or without 

biopsy- in some situations (Smith-Bindman et al., 1998; Tabor et al., 2002). As most original 

studies reported the diagnostic accuracy of transvaginal sonography in a dichotomous way, 

they possibly have overestimated the performance of this test (Leeflang et al., 2008). In 

addition, information gained by clinical history and physical examination (e.g. age, parity 

and diabetes), contains relevant diagnostic information concerning the presence or absence 

of endometrial carcinoma (Opmeer et al., 2007), which is not taken into account in the 
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conventional meta-analysis (van Doorn et al., 2004). With the individual patient data these 

problems can potentially be overcome (Bachman et al., 2004). 

Prediction of preterm birth

Preterm birth occurs in 7% of all deliveries - 15.000 cases per year in the Netherlands - 

and accounts for 70% of perinatal mortality and 40% of severe cerebral morbidity (NVOG, 

2004). Many researchers have therefore put effort in strategies to prevent preterm birth 

(Honest et al., 2002). These efforts are becoming more important, as there is now evidence 

that treatment with progesterone is effective in the prevention of preterm birth in high risk 

women. Such strategies always start with the identification of women at risk for preterm 

birth (Khan, 2005).

Diagnosis of tubal pathology

In the United States, about 8% of all women between 15 and 44 years are suffering from 

subfertility (Mosher and Pratt, 1991). In the Netherlands, the percentage of couples suffering 

from subfertility is estimated to be between 12% and 17%, depending on the age of the 

woman (Bonsel and van der Maas, 1994). With sperm defects and ovulation disorders, tubal 

disease ranks among the most frequent causes of subfertility. In tubal pathology, either one 

tube or both tubes are occluded, thus preventing the sperm to reach the oocyte. Prevalence 

of tubal disease has been estimated to range between 10-30%, which implicates that about 

2,500 to 7,500 Dutch women are diagnosed with tubal pathology each year. 

Multiple tests for the evaluation of tubal patency exist, of which the most commonly used are 

Chlamydia Antibody Tests (CAT), hysterosalpingography (HSG) and diagnostic laparoscopy 

with chromopertubation, the latter often being considered a gold standard test. 

At the moment, there is no consensus on which test should be initially used in the diagnostic 

work-up, or on the most effective and cost-effective sequence of tests.

By using IPD meta-analysis we will integrate patient characteristics and results of diagnostic 

tests for individual patients with subfertility and assess various combinations and sequences 

of tests. 

Assessment of ovarian response in IVF 

Around 15.000 IVF/ICSI cycles are performed each year in the Netherlands. The most 

important single factor to determine success is maternal age. Age related decline of 

success is largely attributable to a progressive decrease of oocyte quality and quantity with 

increasing female age. Over the past two decades a number of ovarian reserve tests have 

been designed and evaluated for their ability to predict outcome of IVF in terms of oocyte 

yield and occurrence of pregnancy (Broekmans et al., 2006). Many of these tests have 

become part of the routine diagnostic procedure in subfertile patients that will undergo 

assisted reproductive techniques. Based on these tests couples are counselled on their 

pregnancy chances prior to IVF, and individual dose adjustments are often suggested. 
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However, assessment of mutual dependence between these tests in conventional meta-

analyses is difficult and many studies report test accuracy of these continuous tests around 

an artificial cut-off level. Moreover, the added value of the tests to female age has hardly 

been addressed (Henne et al., 2008; Sun et al., 2008). 

Methods/Design

General methods

Identification and selection of studies
Previously, systematic reviews of studies on diagnostic and prognostic test accuracy for each 

of the four clinical topics were performed and by means of these reviews we identified the 

relevant primary research in these four areas (Smith-Bindman et al., 1998; Tabor et al., 2002; 

Honest et al., 2002; Khan, 2005; Broekmans et al., 2006; Bancsi et al., 2003; Hendriks et 

Figure I. Overview 
of studies included in 
the systematic reviews 
and meta-analyses on 
postmenopausal bleeding. 
Not updated.

Figure II. Overview of 
studies included in the 
systematic reviews and 
meta-analyses on preterm 
birth. Not updated.
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al., 2005; Hendriks et al., 2006; Mol et al., 1997; Swart et al., 1995). For an overview of 

the amount of included studies in these meta-analyses see figures I to IV. We will update 

the performed search strategies to include studies published up to date. We will perform a 

computerized search, check references and asks authors of relevant studies whether they 

are aware of unpublished or ongoing studies. Readers of this protocol, who are familiar 

with studies performed on these four clinical topics that are not integrated in the previous 

performed meta-analyses, are also invited to approach us. 

We aim to include datasets from all studies meeting the inclusion criteria of the original 

(updated) reviews. Studies that have met the inclusion criteria in the meta-analyses on 

postmenopausal bleeding were prospective studies that reported on endometrial thickness 

and in which the transvaginal ultrasound was performed before tissue assessment. The 

selection criteria for the meta-analyses on preterm birth were studies on asymptomatic or 

symptomatic pregnant women, cervicovaginal fetal fibronectin testing before 37 weeks’ 

gestation, known gestation at spontaneous birth and observational cohort design. The meta-

analyses on tubal pathology included studies that compared CAT or HSG to laparoscopy for 

Figure III. Overview of 
studies included in the 
systematic reviews and 
meta-analyses on tubal 
pathology. Not updated.

Figure IV. Overview of 
studies included in the 
systematic reviews and 
meta-analyses on ovarian 
response in IVF. Not 
updated.
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tubal pathology and that described a clear distinction between tubal occlusion and peritubal 

adhesions. For the ovarian reserve tests meta-analyses included studies that reported on 

the association of follicle stimulating hormone (FSH), anti-mullerian hormone (AMH), antral 

follicle count (AFC), ovarian volume or clomiphene citrate challenge test (CCCT) with poor 

ovarian response or pregnancy after IVF. All meta-analyses only included studies with 

sufficient data to construct 2X2 tables. Exclusion criteria were a lack of binary data for 

constructing the 2x2 tables and inadequate study quality. Study quality was defined as a 

clear description of sampling, data collection, study design, blinding, (partial) verification 

and missing data. Adequate test description and description of either the population or the 

reference test was also included in the assessment of study quality (Smith-Bindman et al., 

1998; Tabor et al., 2002; Honest et al., 2002; Khan, 2005; Broekmans et al., 2006; Bancsi et 

al., 2003; Hendriks et al., 2005; Hendriks et al., 2006; Mol et al., 1997; Swart et al., 1995). 

Including all available studies in our IPD meta-analyses will maximise our ability to study the 

factors associated with heterogeneity in model intercepts and coefficients and diagnostic 

odds ratios. We will therefore also consider studies that have potentially collected relevant 

data, but that have been excluded in previous analyses. 

Data acquisition
We will approach all authors of the selected original studies to inform them about this IPD 

meta-analysis project and invite them to share their data in this collaborative project. If they 

are inclined to participate, they are provided with a more detailed study proposal, and asked 

to send their original datasets. We ask them to send the complete database as to minimise 

their efforts going through their dataset to select the appropriate variables. Any data format 

is accepted, provided that variables and categories are adequately labelled within the dataset 

or with a separate data dictionary. We aim to include datasets from all studies meeting our 

target variables as described in table I. Minimal requested data are (anonymous) patient 

identifiers, index tests and reference tests (see * in table I). Studies in which a substantial 

part of these variables are missing are considered to have incomplete data. We will also ask 

authors to examine the provisional study list to identify any additional studies they may be 

aware of. In this way also data from studies that have been missed by our search criteria, or 

have not been published at all, will be considered for inclusion.

Quality assessment
We will define study quality of the original studies to a large extent in the same way as it 

was described in the systematic reviews (see above under the heading ‘data acquisition’). 

We will report the study quality according to the STARD statement (Bossuyt et al., 2003). 

Completeness of datasets in terms of which diagnostic indicators were assessed and to 

which extent data on a particular indicator are complete, together with, if possible, an 

assessment of how well the study execution adhered to the research protocol, will also be 

assessed to describe study quality. An attempt will be made to rank datasets according to 

their quality.

chapter 3.indd   53 6-5-2013   13:09:07



Chapter 3

54

Quality of the received data will be judged by the assessment of consistency of the data 

and the published manuscript. We will also assess reproducibility of the reported accuracy 

in the manuscript using the raw data. By requesting the original research protocols we will 

be able to create an overview of included patients and test sequences, which might be used 

to explain the heterogeneity between included studies. We also will perform thorough data 

checks (single variables, simple tables and plots). The original investigators will be contacted 

to confirm missing data or to check values of doubtful validity. In addition to this, further 

details during discussions with primary investigators at a collaborators meeting, may shed 

Table I. Variables from the original studies to be included in the IPD meta-analyses.

Topics Postmenopausal  
bleeding   

Preterm birth Tubal pathology Ovarian response 
in IVF

Population Postmenopausal 
bleeding

Asymptomatic early 
pregnancies

Subfertility Indication for IVF 
treatment

Threatened pre-term 
labour

Patient 
characteristics

-Age -Age -Age -Age

-HRT use -Obstetric history -Fertility history -Fertility history

-BMI -BMI -PID -BMI

-Time since 
menopause

-Multiple 
pregnancies

-Ectopic pregnancy -Previous ART

-Diabetes -Parity -BMI -Smoking

-Hypertension -Diabetes -Pelvic surgery

-Use of 
anticoagulants

-Previous cancer

-Thyroid dysfunction

Diagnostic tests -TVU* -Blood pressure -CAT* -FSH*

-Hysteroscopy/ 
curettage* 

-Cervical length 
measurement*

-HSG* -AFC

-Histology of 
carcinoma*

-Fibronectin test* -Laparoscopy* -AMH

Target condition Endometrial 
carcinoma*

Childs condition Tubal pathology* Ovarian response

Pregnancy*

Delivery prior to 32 
weeks*

Overview of variables that will be requested from the original authors. Marked variables (*) are the minimal 
requested variables; studies missing a substantial part of these variables will be excluded. 
Abbreviations used: HRT: Hormone Replacement Therapy, TVU: Trans Vaginal Ultrasound, BMI: Body Mass 
Index, PID: Pelvic Inflammatory Disease, CAT: Chlamydia Antibody Test, 
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light on specific problems encountered during study execution, and resolve differences due 

to the use of different definitions. Such discussions may give us more precise descriptions of 

the test procedures used, and the proficiency of the examiners, if the protocols were unclear 

on these points. 

Unfortunately some data may have to be excluded from the IPD meta-analyses due to 

incomplete data or major inconsistencies with published results. Data are only considered 

to be incomplete when a substantial part of the most relevant variables was not available 

in the original study and the original authors are not able to provide the missing data. We 

emphasise that a valid diagnostic model can be derived based on fewer than all available 

datasets. 

General statistical analyses 
After the assessment of study and data quality the variable codes of all the acquired data will 

be compared between the original databases.  If the variables are compatible the original 

data will be merged and a study identification variable will be added to reflect the stratified 

nature of the pooled dataset. Within this database we will create subgroups on all relevant 

issues concerning the clinical problems (see table II). For all subgroups we will construct 

2X2 tables, comparing the dichotomised test result to the final disease status. We will then 

calculate sensitivity and specificity, and plot the results in a ROC-space. These summary 

receiver operating characteristic (SROC) data and ROC curves will show the differences in 

the accuracy of the index tests in comparison to the best available reference tests between 

the different subgroups. Differences in diagnostic performance across subgroups will be 

accounted for using interaction effects. Furthermore, we will look at the distributions of 

continuous variables in both diseased and non-diseased patients in various studies. If these 

distributions appear to be different between studies, a correction will be applied using 

the multiple of the median as unit for the test result. Data on continuous test results will 

allow us to determine different cut-off values using ROC curves and area under the curve 

measurements and show whether the accuracy of the test was possibly overestimated in the 

original studies, reporting artificial cut-off values. 

After these exercises we will calculate positive and negative predicted values for the clinical 

problems and perform univariable analyses, using all available characteristics of clinical history, 

physical examination and the several diagnostic tests. The assumption of linearity between 

predictor and disease state will be evaluated for continuous variables using both quartile 

analysis and smoothed piecewise polynomials (splines) (Harrell et al., 1988). This will be 

followed by fitting univariable models. Subsequently, multivariable regression models will be 

created, both for clinical history and examination alone, as well as for various combinations 

and sequences of relevant patient characteristics with additional tests. This will finally 

lead to the development of the individual diagnostic or prognostic algorithm. We will use 

imputation strategies that we have applied previously for missing data at the individual level. 

For missing data at the study level (i.e. information not documented in a study), we will also 

consider imputation to allow multivariable analyses on the most complete dataset, although 
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the added value of such major imputation efforts may be limited and will be explored in the 

perspective of IPD meta-analysis (Mol et al., 2006). The multilevel approach will allow for 

variation in parameter estimates across studies (random effects). We will explore whether 

some of this study level variation can be attributed to study level characteristics, e.g. quality, 

design, etc. Moreover, we will assess efficiency (number of diagnostic procedures, number 

of subsequent procedures), and compare this to current clinical practice. 

Table II. Analyses to be performed in the IPD meta-analyses.

Topics Postmenopausal  
bleeding   

Preterm birth Tubal pathology Ovarian response 
in IVF

ROC analysis -TVU* -Cervical length* -Age* -Age*

-CAT* -FSH*

-AFC*

-AMH*

Univariable 
analyses

All relevant patient 
characteristics

All relevant patient 
characteristics

All relevant patient 
characteristics

All relevant patient 
characteristics

Multivariable 
model patient 
characteristics only

-Age -Age -Age -Age

-HRT use -Obstetric history -Fertility history

-BMI -BMI -PID

-Time since 
menopause

-Multiple 
pregnancies

-Ectopic pregnancy

-Diabetes -Parity -BMI

-Hypertension -Diabetes -Pelvic surgery

-Anticoagulants use -Blood pressure

-Previous cancer

-Thyroid dysfunction

Tests in 
multivariable 
model with tests

-TVU -Cervical length -CAT -AFC

-Hysteroscopy -Fibronectin test -HSG -FSH

-Laparoscopy -AMH

Subgroup analysis -BMI* -Age* -Age*

-Diabetes -PID
-Duration 
subfertility* 

Duration 
subfertility* 

-Type subfertility

-Type subfertility -BMI* 

-BMI* 

-CAT 
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To compare the results of the included studies in the IPD meta-analysis approach we will 

also perform a conventional diagnostic meta-analysis for the same set of studies. As this 

work has in part already been performed (Smith-Bindman et al., 1998; Tabor et al., 2002; 

Honest et al., 2002; Khan, 2005; Broekmans et al., 2006; Bancsi et al., 2003; Hendriks et 

al., 2005; Hendriks et al., 2006; Mol et al., 1997; Swart et al., 1995) this will be a repeat of 

previous work, in which subtle adjustments to the methodology of previous meta-analyses 

will be made.

Model validation
To adjust for overfitting, we plan to use several internal validation techniques (bootstrap 

(patient level), leave one out (study-level)) (Rothman and Greenland, 1998). We intend to 

internally validate the complete analytical process including the imputation of missing values 

and that may necessitate the writing of dedicated programs. We will also apply leave-one-

out approaches, as developed in the context of the modelling of prognosis of HIV infection 

(Egger et al., 2002), by fitting candidate models on pooled data from all but one of the 

studies and testing generalisability on the omitted study. This procedure will be repeated n-1 

times, rotating the left out study. We will use deviance differences to quantify the additional 

lack-of-fit when a model is fitted on one dataset and predictions are made on another 

dataset (Spiegelhalter et al., 2002). The deviance differences will be summed across the 

test studies: the best-generalizing model was that with the lowest total deviance difference. 

The available datasets will also allow us to perform so called external validation. At external 

validation, the performance of the developed model is validated in a different dataset.

Specific methods for clinical topics
The analyses described above will be assessed for all four clinical topics. For an outline of the 

individual assessments of the topics see the following part and table II. 

Postmenopausal bleeding
Data collected will contain patient characteristics and tests as described in table I. Final 

disease status, i.e. the presence or absence of endometrial cancer, can be diagnosed with 

mircocurettage, curettage after dilatation and/or hysteroscopy. After univariable analysis 

we will build a multivariable model to predict endometrial carcinoma using the patient 

characteristics. Age will be defined as the age at which the first episode of postmenopausal 

bleeding occurred. Categorical variables with subdivisions (e.g. type and management of 

diabetes) will be dichotomised. We will develop two multivariable logistic regression models. 

The first model will be based on patient characteristics only (“patient characteristics model”). 

In the second model, patient characteristics will be combined with endometrial thickness as 

measured with transvaginal sonography (“patient characteristics and TVS model”).

Since it has been reported previously that the accuracy of endometrial thickness measurement 

is different in obese and non-obese women and in diabetic and non-diabetic women (van 
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Doorn et al., 2004), differences in diagnostic performance across subgroups will be evaluated 

through interaction terms.

Finally, three different diagnostic decision rules based on these two models will be explored 

in terms of diagnostic efficiency, and compared to current clinical practice (i.e. transvaginal 

ultrasound, with histological assessment in women with endometrial thickness of 5 mm or 

more). The three evaluated strategies will be

(1)  the ”patient characteristics” rule, i.e. probability estimates based on patient characteristics, 

and invasive diagnostics in case the probability of (pre) malignancy is over 3%. In this 

decision rule TVS is not performed.

(2)  “selective” rule, i.e. probability estimates based on patient characteristics, TVS in case 

the probability for cancer exceeds 3%, and subsequent histological analyses when the 

endometrial thickness exceeds 4mm.

(3)  “integrated” rule, i.e. TVS in all patients, with a probability estimate based on both 

patient characteristics and TVS results, completed by endometrial sampling when the 

probability of cancer exceeds 3%.

Prediction of preterm birth
Data collected will contain patient characteristics and tests as described in table I.

We will use several outcome measures, including the condition of the child. However, for the 

purpose of the present study, delivery prior to 32 weeks will be the primary outcome. We 

will look at the distribution of several characteristics, including cervical length. Subsequently, 

we will perform receiver-operating characteristic analysis for cervical length, as well as other 

continuous tests. We will build two multivariable models to predict preterm birth. The first 

model will be based on patient characteristics only (“patient characteristics model”). In the 

second model, patient characteristics will be combined with cervical length and fibronectin. 

We plan to combine the diagnostic data with data from the effectiveness of progesterone 

in the prevention of preterm birth, as the latter agent has found to be effective in the 

prevention of preterm birth in women with a previous preterm delivery (Meis et al., 2003). 

By doing so, we can assess the efficiency of several strategies to prevent a preterm birth. 

Diagnosis of tubal pathology
Data collected will contain patient characteristics and tests as described in table I.

Presence of tubal pathology will be the primary outcome measure. We will perform all 

analysis twice. In the first analysis, tubal pathology will be defined as two-sided tubal 

occlusion. In the second analysis, tubal pathology will be defined as any form of tubal 

occlusion, be it one-sided or two-sided. We will perform ROC-analyses for continuous 

variables, such as age and CAT. Subsequently, univariable logistic regression analysis will 

be performed. This analysis will continue on an analysis that we have performed previously 

(Coppus et al., 2006). Again, we will develop several multivariable models. The first model 

will be based on patient characteristics only. In a second model, these patient characteristics 

will be combined with the Chlamydia Antibody Test measurements. We can also use various 
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combinations and sequences of patient characteristics and additional tests. These models 

will lead to the development of the diagnostic algorithm for the individual patient suffering 

from tubal pathology. Finally, the data of the constructed algorithms for tubal pathology will 

be combined with data on the prediction of successful IVF-outcome. 

Assessment of ovarian response in IVF
Data collected will contain patient characteristics and tests as described in table I.

For the analyses on the ovarian reserve tests we will use two outcome measures; ovarian 

response and pregnancy. The exact definition of these two outcome measures will depend 

on the available data and on the outcome of the discussion at the initiating collaborative 

workshop. Variables considered are shown in table I. As for the other clinical examples, ROC-

analysis will be performed. We will develop models for female age alone and for female age 

plus AFC. As AFC is at present found to be the best predictor for IVF outcome, we plan to 

compare models with the other tests to a model based on female age plus AFC.

We have previously published a decision analysis in which we integrated patient valuations 

of subfertile couples (incorrect withholding of IVF versus undergoing IVF without success) 

and predicted probabilities of IVF-success. This analysis revealed a so-called threshold ROC-

curve, which showed the minimal accuracy that an ovarian test (or combination of tests) 

should have to be of clinical value (Mol et al. 2006). We will repeat the analysis using the 

data obtained from the original studies. 

Implementation of probabilistic approach in clinical practice
We have developed a website with information on the progress of the project. See http://

www.ipd-meta-analysis.com/ipd. The website will contain protocols, including the description 

of the objectives of each project and proposals for the statistical analyses. Moreover, the 

diagnostic algorithms that will be the result of the project will be available from the website 

after the studies have been completed.

The clinical “end products” of these IPD meta-analyses will be prediction rules for each of the 

four clinical problems: women with PMB, women at risk for preterm birth, women suspected 

of having tubal pathology, and women starting with IVF. The results will be made available 

through simple scoring charts as well as logistic regression models. The latter will become 

accessible through web applications at which doctors can enter relevant data of the patient. 

Furthermore, such prediction rules will be made available for patients, as we did previously 

with prediction rules developed for spontaneous pregnancy in subfertile couples (CECERM, 

2007). We will do this with score forms on paper, website applications and software available 

through personal digital assistants.

Collaborative workshop and definitions
Workshops will be organised with all investigators of the included studies. In addition to 

discussing the IPD-meta-analysis project in general, as well as the practical, methodological 

and data-related aspects of each original study, these meetings are also important to build 
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trust. During these workshops, we will discuss and refine the study protocol, examine 

patient characteristics and information from diagnostic tests that are to be analysed, the 

data checking procedures and the main analyses to be performed. Criteria for classifying 

test results, including results of reference tests, as positive or negative will also be discussed, 

taking into account that the exact nature of tests and procedures will differ between studies 

and centres. We will also propose a timetable and a publication policy, including a list of 

anticipated publications, with a collaborative group authorship for these publications, to be 

discussed and agreed upon by all collaborating authors. 

Publication policy
The results from the IPD meta-analysis will be presented at a collaborators meeting. Any 

subsequent articles on the results of the meta-analysis will be published under the name of the 

collaborative group. It will also be circulated to the collaborators for comments, amendments 

and approval before finally being submitted. In the case of any disagreement, the following 

fundamental principle will be applied; the report should provide the meta-analysis results, 

presenting all of the available evidence, but will not include any interpretations of the data, 

except those that are unanimously decided upon by all collaborators. Any collaborating 

group is free to withdraw its data at any stage.

Discussion

Although it is at present stage not possible to exactly anticipate on the clinical and 

methodological results from the planned steps in each of the four clinical topics, we expect 

to have the following knowledge available at the end of the project:

Methodological knowledge:
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Increased efficiency of the diagnostic work-up by making optimal use of the patient 

characteristics combined with the results of the diagnostic tests, will probably decline the 

need of invasive tests and contributes to improved patient care. With help of the results of 

the four clinical problems, we can then assess the potential value of IPD meta-analysis in 

diagnostic and prognostic models, compared to conventional diagnostic meta-analysis. 

From the experiences in the present proposal, we will provide recommendations on how to 

perform IPD meta-analysis in prognostic and diagnostic research. 

A final step in the work-plan is to provide these data through the internet. The progress of 

the project can be followed on http://www.ipd-meta-analysis.com/ipd.
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Abstract 

Introduction The Chlamydia IgG antibody test (CAT) shows considerable variations in 

reported estimates of test accuracy, partly because of the use of different assays and cut-

off values. The aim of this study was to reassess the accuracy of CAT in diagnosing tubal 

pathology by individual patient data (IPD) meta-analysis for three different CAT assays. 

Methods We approached authors of primary studies that used micro immunofluorescence 

tests (MIF), immunofluorescence tests (IF) or enzyme-linked immunosorbent assay tests 

(ELISA). Using the obtained individual patient data, we performed pooled ROC analysis and 

logistic regression analysis with a random effects model to compare the three assays. Tubal 

pathology was defined as any or as bilateral tubal obstruction. 

Results We acquired data of 14 primary studies containing data of 6,191 women, of which 

data of 3,453 women were available for analysis. The areas under the curve (AUCs) for 

ELISA, IF and MIF were 0.64, 0.65 and 0.75, respectively (P value < 0.001) for any tubal 

pathology and 0.66, 0.66 and 0.77, respectively (P value = 0.01) for bilateral tubal pathology. 

Conclusion In Chlamydia antibody testing, MIF is superior in the assessment of tubal 

pathology. In the initial screen for tubal pathology MIF should therefore be the test of first 

choice. 
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Introduction

Subfertility, defined as failure to conceive within 12 months despite regular unprotected 

intercourse, occurs in 10% of couples (Cahill and Wardle, 2002; Mosher and Pratt, 1991; 

Taylor, 2003). Besides ovulation disorders and sperm defects, tubal pathology is one of the 

main causes of subfertility. The prevalence of tubal pathology in subfertile couples ranges 

between 10% and 30% (Evers, 2002). 

There are many tests to diagnose tubal pathology, of which Chlamydia IgG Antibody 

Test (CAT) testing, hysterosalpingography (HSG) and diagnostic laparoscopy (DLS) with 

chromopertubation are most often used (Broeze et al., 2009). Although guidelines on the 

fertility work-up are not concordant, CAT is often recommended as a first-line test (British 

national Collaborating Center for Women’s and Children’s Health, 2004; Dutch Society of 

Obstetrics and Gynaecology, 2004). Unlike HSG or diagnostic laparoscopy, CAT is non-invasive 

and inexpensive (Mol et al., 1997). When negative, CAT is thought to avoid unnecessary 

and invasive diagnostic testing, whereas in CAT positive women, further testing can be 

performed early, avoiding long term expectative management (den Hartog et al., 2008). A 

conventional meta-analysis reported that accuracy estimates of CAT for individual studies 

ranged between 21% and 90% for sensitivity and between 29% and 100% for specificity, 

with a summary ROC estimating the accuracy of CAT to be moderate and comparable to 

that of HSG (Mol et al., 1997).

Unfortunately, in the assessment of the diagnostic accuracy of CAT and the comparison 

of different assays over the full range of possible test results, conventional meta-analyses 

are impeded since they are based on data reported at study level and limited to reported 

2x2 tables. Pooling data to estimate overall accuracy is complicated by the use of different 

assays and different, mostly unreported, cut-off values in the included studies. Original data 

underlying the publications possibly contain CAT results recorded in a continuous rather 

than a dichotomized way, as well as information on several CAT assays within a single study 

and could be used to compare the accuracies of different tests (Broeze et al., 2009). 

The aim of this study was to assess the accuracy of several CAT assays in diagnosing tubal 

pathology, using continuous test results in an individual patient data (IPD) meta-analysis.

Methods

Literature search
In a previous meta-analysis on the accuracy of CAT, we identified all studies that compared 

CAT results to laparoscopy findings published until February 1996 (Mol et al., 1997). An 

updated search was performed in Medline and Embase, from 1996 to January 1st 2010, using 

the words ‘Chlamydia’, ‘Chlamydia trachomatis’, ‘Chlamydia antibody’, ‘CAT’ and ‘tubal 

pathology’, ‘tubal infertility’, ‘tubal disease’, ‘fallopian tube disease’, ‘tubal obstruction’ or 
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‘tubal occlusion’. Cross-references of the selected articles were hand-searched and checked 

for other potentially eligible articles. No language restrictions were made. Two independent 

reviewers (KAB and SFC) screened the electronic searches for eligible articles by reading the 

title and abstract. Subsequently, we asked the authors of the selected articles to examine 

the provisional study list to identify any additional studies they may be aware of. In this way, 

data from studies that were missed by our search criteria, or data that were not published 

at all, were eligible for inclusion. We also considered inclusion of studies with potentially 

relevant data that were excluded in the previous conventional meta-analysis due to the 

inability to extract a 2x2 table.

Data collection
For each of the eligible articles, we obtained contact information on the first, second or last 

author through Medline, Embase or the internet. We approached these authors by email to 

inform them about the IPD meta-analysis project and invited them to share their data in this 

collaborative project. If authors were willing to participate, they were provided with a more 

detailed study proposal, and asked to send their original database. We requested the complete 

database in the original data format, as to minimise the authors’ efforts going through their 

database to select the appropriate variables or to convert data into a specific format. Variables 

and categories needed to be adequately labelled within the dataset or in a separate data 

dictionary. Minimal requested data included the following variables: (anonymous) patient 

identifiers, CAT results and the results of laparoscopy (tubal pathology absent or present). 

CAT results of micro-immunofluorescence tests (MIF), immunofluorescence tests (IF) and 

Chlamydia trachomatis specific enzyme-linked immunosorbent assay tests (ELISA) were 

collected. These tests detect antibodies to Chlamydia trachomatis either by fluorescence of 

the elementary bodies of Chlamydia or by spectrophotometer detection of the complex of 

Chlamydia peptides and IgG antibodies (Land et al., 2003; Tuuminen et al., 2000; Wang and 

Grayston, 1970). 

Tubal pathology was defined as either any tubal pathology or bilateral tubal pathology. Any 

tubal pathology was defined as at least unilateral occlusion of the fallopian tubes, with or 

without hydrosalpinges or peritubal adhesions. Bilateral tubal pathology was present when 

such abnormalities were seen in both tubes. The authors were asked to indicate whether 

tubal pathology was unilateral or bilateral, if possible. If authors had unpublished follow-

up data available, they were asked to share these data as well. Ethical approval had been 

obtained by the original authors.

Quality assessment
The quality of the included studies was assessed according to the criteria of the QUADAS 

checklist (Whiting et al., 2003). Additional items were created for the description of selection 

criteria, execution of tests and the diagnostic strategy that was used. Completeness of the 

datasets was described, based on the availability of data on patient identifiers, diagnostic 
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test results and target disease. We compared the obtained data and the published results for 

consistency. Authors were contacted to confirm missing data or to check major discordant 

results. In addition, we organized a collaborators meeting, where authors clarified details 

of the original study designs and the tests performed. We used Review Manager (RevMan, 

Version 5.0. Copenhagen: The Nordic Cochrane Centre, the Cochrane Collaboration, 2008) 

to summarize the quality indicators according to QUADAS for the included studies.

Statistical analysis 
We merged the data into a summary database if variables were compatible. Incompatible 

data were recoded before adding to the summary database. Data on MIF, IF and ELISA were 

analyzed separately. In studies that reported on assays from different manufacturers, we 

analyzed the most often used assay. 

First, we assessed the prevalence of both any as well as bilateral tubal pathology for the 

individual studies and for the complete set of included studies. We estimated heterogeneity 

in patient characteristics and prevalences between the included studies, using I-square 

(Higgins et al., 2003). 

Second, we estimated sensitivity and specificity, based on the reported dichotomised CAT 

results per study. 

Third, to correct for missing laparoscopies, thereby reducing verification bias, we performed 

multiple imputation per center. In the imputation step we assumed that, within one study, 

women that did not have a diagnostic laparoscopy had a tubal status comparable to the 

tubal status of women with similar CAT results, but who did have a diagnostic laparoscopy 

(Begg and Greenes, 1983; de Groot et al., 2008; van der Heijden et al., 2006). We performed 

five rounds of imputation, adjusted for center of origin and CAT result.

Subsequently, we performed a Receiver Operator Characteristics (ROC) analysis and 

calculated an area under the curve (AUC) for each individual study. The AUC was used 

to express the accuracy of a diagnostic test, representing the probability that a randomly 

chosen diseased patient is correctly ranked higher than a randomly chosen non-diseased 

patient. A perfect test, one with a perfect ROC curve, has an AUC of 1.0, whereas an 

uninformative test has an AUC of 0.5 (Hanley et al., 1982). 

Data from all studies together were analyzed in two ways. Overall accuracy of the CAT 

assays was first estimated by ROC-analysis on the empirical pooled data. In this analysis 

raw data was pooled for women with and without tubal pathology across studies and 

the resulting distributions were used to generate AUC estimates, without adjusting for the 

heterogeneity across studies. Then, the overall accuracy was estimated and ROC curves 

were generated by ROC-analysis based on the predicted probabilities from a random effects 

logistic regression model. In the latter model we adjusted for the heterogeneity across 

studies, by including a random intercept that accounts for differences in prevalence of tubal 

pathology across studies, and by including a random effect, which accounts for differences 

in test performance across studies. We used ANOVA to test for significant differences in 
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accuracy between the three assays. A p-value below 0.05 indicated statistical significance in 

these analyses.

Data were analyzed using SPSS 17.0 (SPSS Inc., Chicago, Il, USA) and SAS 9.1 (SAS Institute 

Inc., Cary, NC, USA).

Results

Literature search and data collection
In the previous meta-analysis 23 studies had been included (Mol et al., 1997). Our current 

search for new studies on the subject published after February 1996 resulted in a total of 

2,642 potential studies on Medline and 1,673 potential studies on Embase reporting on 

tubal pathology, of which 483 were overlapping studies. In total, 283 studies were identified 

as potentially eligible for inclusion. Of these studies, 164 did not contain diagnostic data on 

CAT results and/or laparoscopy. Therefore, 119 studies were eligible for inclusion. Checks 

of cross-references of selected articles identified no other studies. Of the 119 studies, 26 

articles were reporting on previously published studies and for 24 studies the authors could 

not be traced, leaving 69 studies eligible for our IPD meta-analysis. 

Of these 69 studies we contacted the authors and 38 responded. Twenty-four reported 

their data to be lost, whereas the other 14 authors provided their data (Anestad et al., 

1987; Debattista and Gazzard, 2004; den Hartog et al., 2005; den Hartog et al., 2006; 

Guerra-Infante et al., 2003; Idahl et al., 2004; Land et al., 1998; Land et al., 2003; Land 

and den Hartog, 2006; Logan et al., 2003; Machado et al., 2007; Mouton, 2002; Ng et al., 

2001; Steures et al., 2007; Svenstrup et al., 2008; Tiitinen et al., 2006; Toye et al., 1993; 

van der Steeg et al., 2008; Veenemans and van der Linden, 2002). Thirteen studies were 

single centre studies, whereas the largest study was a multi-centre study, in which data were 

collected from 38 centers (Steures et al., 2007; van der Steeg et al., 2008). In the analyses 

all data from this multicenter study were processed as originating from one study. A flow 

chart of the included studies is shown in figure I. 

Data on 6,191 individual women from 14 studies were included in the summary database. 

For 2,872 women, out of 12 studies, continuous CAT results were available. For 581 women, 

out of three studies, data on two CAT assays per individual woman were available. For the 

remaining 2,738 women there were no continuous CAT results available. These women 

were excluded from the analyses. Two studies did not contain continuous CAT results and 

were also excluded from the analysis. Finally, data on 3,453 CAT results were available for 

the analyses. All included women were referred to a fertility clinic after minimal one year of 

unfulfilled child wish. Study characteristics of the included articles are listed in table I.
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Quality assessment
An overview of the methodological quality of the 14 included studies is shown in figure II. 

All 14 included studies clearly described their patient selection and the execution of CAT. In 

eight studies the diagnostic strategy followed was not described or unclear. In five studies 

not all women received the reference test (i.e. diagnostic laparoscopy), whereas in two 

studies it was unclear whether all women received laparoscopy and partial verification bias 

could be avoided. 

For 13 studies the comparison of consistency between received data and the published 

results showed only minimal differences in mean female age and percentage of primary 

subfertility, which were ignored. One study reported on 295 women instead of 395 

women that were included in the database. Therefore, the quality of the received data was 

considered satisfactory for all included studies. 

Figure I. Flowchart of included studies
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Statistical analysis
Out of the 3,253 women 1,686 had CAT assessed with ELISA, 743 with IF and 824 with 

MIF. In 35% of women with a positive CAT result, and in 50% of women with a negative 

CAT result, laparoscopy had not been performed. In these 1,046 women missing data on 

laparoscopy were imputed. 

The overall prevalences of any tubal pathology and bilateral tubal pathology as defined 

on diagnostic laparoscopy were 29% (95% CI 27%-30%) and 13% (95% CI 12%-15%), 

respectively. The mean female age, percentages of primary subfertility, median duration of 

subfertility and prevalences of tubal pathology in the individual studies are shown in table 

II. There was a high degree of variability across the studies in duration of subfertility, CAT 

Table I. Overview of study characteristics of the included studies

Study Year Total 
women

Inclusion Exclusion 
criteria

Study design DLS 
performed

Diagnostic 
strategy

Bhattacharya 2003 207 women
referred 
for tubal 
evaluation

- previous tubal 
testing
- previous tubal 
surgery

cohort study 
(prospective)

yes CAT ! DLS 

Van der 
Steeg/
Steures*

2007 3706 women
referred for 
subfertility 
evaluation

- previous tubal 
testing
- previous tubal 
surgery

cohort study 
(prospective)
(multicenter)

yes 
(depending 
on center)

CAT - !    No 
TT
CAT + ! HSG/
DLS

Ng 2001 110 women
referred 
for tubal 
evaluation

- previous pelvic 
surgery
- severe male 
factor

cohort study 
(prospective)

yes CAT à DLS

Van der 
Linden 

2002 395 women
referred for 
subfertility 
evaluation

unknown cohort study 
(prospective)

not 
standard

CAT - ! HSG
HSG + ! DLS
HSG - !  EXP 
à DLS

Allan 2004 52 women
referred 
for tubal 
evaluation

- ovulation 
disorders
- severe male 
factor

cohort study 
(prospective)

yes unknown

Mouton 2002 107 women
referred for 
subfertility 
evaluation

unknown cohort study 
(only subset 
of women 
were 
subfertility 
pts)

not 
standard

unknown                

Land/
Den Hartog

2005 662 women
referred for 
subfertility 
evaluation

- previous pelvic 
surgery

cohort study 
(prospective)

yes CAT - ! HSG
CAT + ! DLS
HSG + ! DLS
HSG - !   EXP 
à DLS

Idahl 2004 244 women
referred for 
subfertility 
evaluation

unknown cohort study 
(prospective)

not 
standard

CAT ! HSS or 
DLS
HSS + !  DLS
HSS - !    no 
DLS
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Figure II. Methodological quality of included studies
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Table II. Overview of prevalences and patient characteristics of the included studies, with assessment of 
heterogeneity of data across studies (I2 statistic)

Study Number 
of 

women

Female age
mean 

(5th – 95th 
percentile)

Primary 
subfertility 

%

Duration of 
subfertility 

median 
(range)

Prevalence tubal 
pathology (%)

CAT 
positivity 

(%)
Any 
tubal 

pathology

Bilateral 
tubal 

pathology

Bhattacharya 207 30.7 (23 - 38) 56 2.0 (0.4 - 10) 30 14 19

Van der Steeg/ 
Steures

3706 32.4 (25 - 39) 62 1.6 (0 - 12) 26 12 29

Ng 110 31.9 (25 - 37) 75 3.0 (1 -12) 27 16 26

Van der Linden 395 31.8 (19 – 44) 65 2.2 (0.2 - 13) 27 na 22

Allan 52 33.8 (27 - 42) na na 88 70 14

Mouton 107 34.7 (27 - 43) 69 na 8 na 30

Land/ Den 
Hartog

662 30.9 (24 - 37) 72 1.4 (0 - 9) 18 9 21

Idahl 244 31.1 (24 - 39) 57 na 43 14 24

Tiitinen 166 32.9 (25 - 39) na na 37 na 32

Alves 55 30.7 (24 - 38) na na 58 44 56

Guerra-Infante 100 29.6 (21 - 39) 62 na 31 na na

Toye 72 34.3 (26 - 42) na na 61 na 56

Ånestad 103 30.5 (24 - 38) na na 42 na 76

Svenstrup 212 29.9 (24 - 37) na na 16 na 15

Total 6191 29 13

Heterogeneity I2 5% 25% 84% 67% 70% 70%
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positivity and prevalence of tubal pathology, which was due to heterogeneity rather than 

chance as indicated by high I2 values between 67% and 84%. 

Sensitivity and specificity of CAT for the diagnosis of tubal pathology, based on the reported, 

dichotomised, CAT results per study are shown in table III. For any tubal pathology sensitivity 

ranged between 12% and 91% and specificity ranged between 35% and 100%. For bilateral 

tubal pathology sensitivity was between 31% and 70% and specificity between 52% and 

86%.

Both the individual, as well as the pooled AUCs for the diagnosis of any and bilateral tubal 

pathology are shown in table IV. The AUCs for the diagnosis of any tubal pathology in the 

individual studies ranged from 0.52 to 0.79 for the ELISA, from 0.54 to 0.78 for IF and from 

0.63 to 0.80 for MIF. The AUCs for the diagnosis of bilateral tubal pathology ranged from 

0.53 to 0.79 for the ELISA, from 0.60 to 0.63 for IF and from 0.77 to 0.78 for MIF.

The empirical pooled ROC analysis showed AUCs for any tubal pathology of 0.57, 0.63 and 

0.64 for ELISA, IF and MIF respectively. For bilateral tubal pathology the AUCs were 0.61, 

0.63 and 0.75, for ELISA, IF and MIF respectively. The random effects logistic regression 

Table III. Overview of sensitivity & specificity of CAT for the individual studies based on the reported cut-off 
values per study 

Study CAT assay  and cut-off 
value (manufacturer)

Accuracy of tubal pathology (%)

Any TP Bilateral TP

Sens Spec Sens Spec

Bhattacharya ELISA 1.1 (Medac) 37 88 50 86

Van der Steeg/ ELISA 1.1 (Medac) 57 62 70 61

Steures IF 1:16 (Biomerieux) 58 62 67 60

Ng MIF 1:32 (USA) 53 85 67 83

Van der Linden IF 1:32(Biomerieux) 68 65 na na

Allan ELISA na (Labsystems) 12 100 31 76

Mouton ELISA na (Medac) 69 75 na na

Land/ ELISA 1.1 (Medac) 56 90 60 83

Den Hartog MIF 1:32 (Biomerieux) 44 78 58 78

Idahl MIF 1:20 (USA) 42 84 50 77

Tiitinen ELISA 0.4 (Medac) 42 79 na na

MIF na (na) 64 76

Alves IF 1:16 (USA) 57 41 70 52

Guerra-Infante IF 1:8 (USA) na na na na

Toye MIF na (na) 73 71 na na

Ånestad IF 1:8 (na) 91 35 na na

Svenstrup ELISA na (Medac) 23 88 na na

CAT assay: type of assay used in primary study. In case of the use of several assays in one study, all assays 
and their accuracies are reported. na: not applicable
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Figure III. ROC curves for the accuracy of CAT (based on IPD random effects models)
Figure IIIA. Accuracy of diagnosing any tubal pathology
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on the conventional meta-analytic approach.  Used cut-off values are 1.1 for ELISA, 1:32 for IF and 1:16 
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Figure IIIB. Accuracy of diagnosing bilateral tubal pathology
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analysis, in which we accounted for heterogeneity across studies, showed an AUC of 0.64 

for ELISA, an AUC of 0.65 for IF and an AUC of 0.75 for MIF. The AUCs of ELISA and MIF, as 

well as the AUCs of IF and MIF differed significantly (see table IV). Repeating this analysis for 

bilateral tubal pathology showed AUCs of 0.66 for ELISA, 0.66 for IF and 0.77 for MIF, with 

significantly different AUCs between ELISA and MIF and between IF and MIF. 

The ROC curves of the random effect logistic regression models for the three assays for the 

diagnosis of any tubal pathology and bilateral tubal pathology are shown in figure IIIA en 

Table IV. Overview of the area under the curves (AUCs) of CAT per assay for the individual studies, as well 
as for the pooled data 

Study Women 
used in the 

analyses

AUCs for ELISA AUCs for IF AUCs for MIF 

Any TP Bilateral 
TP

Any TP Bilateral 
TP

Any TP Bilateral 
TP

Bhattacharya 33 0.55 0.53

Van der Steeg/ 858 0.52 0.57

Steures 366 0.56 0.60

Ng 110 0.71 0.77

Van der Linden 145 0.73 na

Allan none

Mouton 106 0.79 na

Land/ 315 0.69 0.79

Den Hartog 310 0.70 0.78

Idahl 244 0.63 0.78

Tiitinen 162 0.63 na

160 0.80 na

Alves 31 0.58 0.63

Guerra-Infante 100 0.54 na

Toye none

Ånestad 101 0.78 na

Svenstrup 212 0.53 na

Pooled area’s under the curves

Empirical pooled 0.57 0.61 0.63 0.63 0.64 0.75

(95% CI) (0.54-0.60) (0.57-0.66) (0.59-0.67 ) (0.54-0.71) (0.60-0.68) (0.68-0.81)

Random effects model * 0.64 0.66 0.65 0.66 0.75 0.77 

(95% CI) (0.62-0.67) (0.62-0.70) (0.61-0.69) (0.59-0.73) (0.71-0.78) (0.72-0.82)

* P-values between the AUCs as assessed with the random effects model were as followed:
Any tubal pathology:       Overall: P < 0.001

ELISA vs. MIF P < 0.001, IF vs. MIF P < 0.001, ELISA vs. IF P = 0.83 
Bilateral tubal pathology: Overall: P = 0.01

ELISA vs. MIF P = 0.01, IF vs. MIF P = 0.01, ELISA vs. IF P = 0.98 
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figure IIIB, respectively. The accuracy of MIF was clearly better than the accuracy of ELISA 

and IF over the full range of sensitivities and specificities. 

Discussion

At present, there are several diagnostic strategies for women with suspected tubal pathology. 

These strategies differ among countries and among fertility centers in the same country 

and region. Despite clinical research done so far there is still inconsistency between fertility 

guidelines about the best diagnostic strategy and there is no consensus on which test should 

be initially used, or on the most effective or cost-effective sequence of tests (British national 

Collaborating Center for Women’s and Children’s Health, 2004; Dutch Society of Obstetrics 

and Gynaecology, 2004). In many fertility centers, CAT is used ahead of more invasive tests 

such as HSG or laparoscopy, whereas in other centers CAT is not used at all and all women 

are directly referred for HSG or even laparoscopy. 

In this study we reconsidered the accuracy of three different CAT assays in diagnosing 

tubal pathology based on an individual patient data meta-analysis, containing data of 6,191 

women referred for subfertility in fertility centers all over the world. 

The results of this IPD meta-analysis showed that MIF has a moderate ability to discriminate 

between women with and without tubal pathology. For example, at a sensitivity of 74% MIF 

had a specificity of 66%, which represents 26% missed cases of tubal pathology and 34% 

of women incorrectly referred for invasive testing, respectively. Clinically, the optimal cut-off 

value of CAT depends on the individual context. In some women it will be more important 

to detect tubal pathology with high certainty, for example in older women who start IUI 

treatment. In other women it is more important to rule out tubal pathology in order to avoid 

unnecessary invasive testing, for example in couples with a good prognosis for spontaneous 

pregnancy who delay treatment for a while. The accuracy of MIF is significantly better than 

the accuracy of ELISA and IF. So far, only a few studies reported on the comparison of 

several assays and only one compared MIF to ELISA, showing a better performance of the 

MIF, with a diagnostic odds ratio twice as high as the ELISA test (Land et al., 2003). The 

analyses in this IPD meta-analysis were based on a large amount of continuous CAT data, 

not restricted by chosen cut-off values, increasing the consistency and statistical power of 

this result. 

There was a slight difference in accuracy of all three tests for the diagnosis of bilateral tubal 

pathology and any tubal pathology. The definition of tubal pathology varies in literature. 

Some studies exclude adhesions or hydrosalpinges, others emphasize the difference between 

proximal and distal tubal pathology. Our definitions of tubal pathology included occlusion 

of the fallopian tubes, peritubal adhesions and hydrosalpinges. We did not discriminate 

between proximal and distal tubal occlusion, since clinical management and pregnancy 

chances are similar in both types of occlusion (Farhi et al., 2007). 
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In IPD meta-analyses the substantial number of missing values in the database, both at the 

study level, as well as on the individual patient level may provide some limitations. As shown 

in the flowchart, not all eligible studies could be included in the present meta-analysis. This 

was due to a lack of information about the authors, a lack of response from the authors or 

loss of primary data. Combining IPD with aggregate data could overcome the problem of 

missing studies. Since our primary interest was the use of continuous test results to assess 

accuracy estimates of CAT, we were not able to use aggregate data, in which continuous 

test results are not available. To be sure that the selection of women in the included studies 

was representative, we roughly compared the patient selections in the included studies with 

the patient selections in the studies that were not available for inclusion. We found no major 

differences between these patient selections. Also, inclusion of only a subset of eligible 

studies might lead to biased results, but only if studies that do not participate in the IPD 

collaboration show test accuracies other than those studies that do participate. Since test 

accuracy of the included studies varied substantially, we do not expect to find a completely 

different spectrum in the studies that were not included. 

We included some case control studies in the present meta-analysis. In these studies, the 

cases were women referred for fertility work-up and therefore comparable to women 

included from cohort studies. The controls were excluded from the meta-analysis. Also, 

compared to the total amount of included women, the included ‘cases’ counted for only 6 

percent. We are of opinion that they will not have substantial influence on the estimated 

accuracy (Rutjes et al., 2005). 

Besides missing studies, also missing data at the patient level might be a problem in IPD 

meta-analysis. Of the 6,191 women in the database, we were able to use data of 3,453 

women in the analyses. A comparison of the characteristics of these women to those that 

were excluded from the analyses showed no differences. 

Missing laparoscopy results is another cause of missing data at the patient level. For 35% 

of women with a positive CAT result, laparoscopy had not been performed, whereas for 

50% of women with a negative CAT results data on laparoscopy were missing. This partial 

verification happens easily in clinical practice since women with a positive CAT result more 

often received a laparoscopy compared to women with a negative CAT result. When these 

subsets of women are not comparable to each other and women with missing laparoscopy 

results were omitted from the analyses, verification bias would occur (de Groot et al., 2008; 

van der Heijden et al., 2006). To reduce this partial verification bias we decided to impute 

the missing laparoscopy results. We decided not to show results from an analysis restricted 

to women that have both had CAT and laparoscopy, since we would then assume that 

data were missing completely at random, while we know from clinical practice that CAT 

results might influence the decision to perform laparoscopy. Also, results from a complete 

case approach are expected to be more prone to verification bias and could therefore be 

misleading (van der Heijden et al., 2006; Moons et al., 2006).
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At present, there is no consensus on the type of analyses that should be performed in a 

diagnostic IPD meta-analysis. In a previous study we described the execution of analyses 

that we performed in this IPD meta-analysis (Broeze et al., 2010). To be able to express the 

accuracy of the CAT, we used the area under the ROC curve (AUC). Although sensitivity 

and specificity might be more applicable measurements for clinicians, these could not be 

reported without using cut-off levels for the CAT results. To compare the results of the 

three different assays (MIF, IF and ELISA), without losing any information, we used the 

continuous test results and therefore reported the AUC. Although there are several CAT 

assays available worldwide, we only included these three assays, since they were most often 

used and reported in the original studies and enough data was available for inclusion in 

this meta-analysis. We used random effects logistic regression models, since pooling data 

for all women across studies without adjustments would ignore differences across study 

populations, which could have led to biased results. This was also shown in table IV in which 

the empirical pooled AUCs for MIF are inconsistent with the data and with the random 

effects model.

We found relatively low sensitivities of CAT, combined with high specificities. The latter is 

clinically very important, because this implies that CAT might avoid unnecessary, invasive 

testing in women without tubal pathology. On the other hand, the estimated sensitivities 

might be too low to correctly rule out tubal pathology, which implies that women with tubal 

pathology might remain undiagnosed (Leeflang et al., 2008). 

The question whether CAT has clinical relevance as a test in the fertility work-up will also 

depend on the comparison of its accuracy with that of other diagnostic information, such 

as medical history. In a previous retrospective study it was shown that the combination 

of CAT and medical history taking had a better yield than either of these alone (Coppus 

et al., 2007). The added value of CAT over the information from medical history, physical 

examination and other diagnostic tests can be adequately analyzed with individual patient 

data and will be assessed in a subsequent study, based on this IPD project. This analysis of 

the added value of CAT to the pre-test probability of tubal pathology can be restricted to 

MIF, since this study shows MIF to be the CAT assay with the best discriminative possibility. 

In conclusion, our study showed that MIF has a significantly better accuracy than IF and 

ELISA for the diagnosis of any tubal pathology. The accuracy of MIF showed a moderate 

ability to discriminate between women with and without tubal pathology. ELISA and IF 

showed only poor discriminative ability, therefore MIF should be the test of first choice in 

the initial screen for tubal pathology.
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Abstract 

Introduction Conventional meta-analysis has estimated sensitivity and specificity of 

hysterosalpingography (HSG) to be 65% and 83%. The impact of patient characteristics 

on the accuracy of HSG is unknown. The aim of this study was to assess by individual 

patient data meta-analysis whether accuracy of HSG is associated with different patient 

characteristics.

Material & methods We approached authors of primary studies reporting on the accuracy 

of HSG using findings at laparoscopy as the reference. We assessed whether patient 

characteristics such as female age, duration of subfertility and a clinical history without 

risk factors for tubal pathology were associated with the accuracy of HSG, using a random 

intercept logistic regression model. 

Results We acquired data of seven primary studies containing data of 4,521 women. Pooled 

sensitivity and specificity of HSG were 53% and 87% for any tubal pathology and 46% and 

95% for bilateral tubal pathology. In women without risk factors, the sensitivity of HSG was 

38% for any tubal pathology, compared to 61% in women with risk factors (P = 0.005). 

For bilateral tubal pathology, these rates were 13% versus 47% (P = 0.01). For bilateral 

tubal pathology sensitivity of HSG decreased with age (factor 0.93 per year (P = 0.05).  The 

specificity of HSG was very stable across all subgroups. 

Conclusion The accuracy of HSG in detecting tubal pathology was similar in all subgroups, 

except for women without risk factors in whom sensitivity was lower, possibly due to false 

positive results at laparoscopy. HSG is a useful tubal patency screening test for all subfertile 

couples. 
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Introduction

Worldwide, 10% of couples trying to conceive are suffering from subfertility. One of the 

major causes of female subfertility is tubal pathology, with a prevalence of around 30% 

(Evers, 2002). The diagnostic work-up of subfertile women often includes tubal testing by 

hysterosalpingography (HSG), an invasive procedure in which an oil- or water based contrast 

medium is injected through the cervical canal into the uterine cavity and the fallopian tubes. 

Subsequently, the uterine cavity and the patency of the fallopian tubes can be visualized. 

The accuracy of HSG as assessed by conventional meta-analysis showed a sensitivity of 65% 

and a specificity of 83% (Swart et al., 1995). However, not only in this meta-analysis, but 

also in individual clinical studies, the diagnostic performance of HSG has been assessed in 

isolation of patient characteristics obtained from clinical history or physical examination, and 

sensitivity and specificity of HSG were assumed to be stable across subgroups of women 

(Broeze et al., 2009; Mol et al., 1997; Perquin et al., 2006; Swart et al., 1995). 

Since conventional systematic reviews and meta-analyses are based on aggregate data at 

the study level, and not at the level of subgroups of women, this is unavoidable. The use of 

data at the patient level in an individual patient data (IPD) meta-analysis could overcome this 

limitation and integrate the information of patient characteristics into the analysis of test 

accuracy (Janes and Pepe 2008). 

The aim of this study was to assess whether the diagnostic performance of HSG in diagnosing 

tubal pathology is associated with patient characteristics by performing an individual patient 

data meta-analysis. 

Methods

Literature search
In a previous meta-analysis on the accuracy of HSG, we identified studies published until 

June 1994, comparing HSG and laparoscopy results on tubal pathology (Swart et al., 1995). 

A computerized updated search was performed in Medline and Embase from July 1994 

to January 1st 2010, using the words ‘hysterosalpingography’ or ‘hysterosalpingogram’ or 

‘HSG’ and ‘tubal pathology’ or ‘tubal disease’ or ‘fallopian tube disease’ or ‘tubal occlusion’ 

or ‘tubal obstruction’ or ‘tubal infertility’. Cross-references of the selected articles were 

searched for other eligible articles. Language restrictions were not applied. Two independent 

reviewers (KAB and SFC) screened the electronic search results for eligible articles by reading 

the title and abstract. We asked authors of eligible articles to examine the provisional study 

list to identify any additional studies they may be aware of. In this way, also data from 

studies that were missed by our search criteria, or that have not been published at all, were 

eligible for inclusion. We also considered inclusion of studies that collected relevant data, 
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but were excluded from the previous meta-analysis due to the inability to extract two by 

two tables.

Data acquisition
For each of the eligible articles, we obtained contact information on the first, second or last 

author on Medline, Embase or the internet. We approached authors by mail and invited 

them to share their data in this collaborative project. In case contact information on the 

first author was not available or the first author did not respond, we contacted the second 

or last author. We provided authors that were willing to participate with a more detailed 

study proposal, and asked them to send their original dataset. We requested the complete 

database in original format, as to minimise their efforts to select the appropriate variables or 

to convert data to a specific format. If variables and categories were not adequately labelled 

within the dataset, a separate data dictionary was requested. 

Datasets should at least include the following variables: anonymous patient identifiers, 

patient characteristics obtained from clinical history or physical examination (e.g. female 

age or type of subfertility), HSG results and the results of diagnostic laparoscopy (tubal 

pathology absent or present). Tubal pathology was subdivided in any tubal pathology or 

bilateral tubal pathology. Any tubal pathology was defined as the presence of occlusion of 

the fallopian tubes, with or without hydrosalpinges or peritubal adhesions, in at least one 

of the tubes. Occlusion of the fallopian tubes was considered to be present when there 

was no filling or spillage of dye at laparoscopy. Bilateral tubal pathology was present when 

such abnormalities were seen in both tubes. Duration of subfertility was defined as the 

time between child wish and performance of HSG. The approached authors were asked to 

indicate whether tubal pathology was unilateral or bilateral. If authors had follow-up data 

available, they were asked to share these data as well. Approval of the ethical commission 

was acquired by the original authors.

Quality assessment 
We scored the quality of the included studies according to the criteria of the QUADAS 

checklist (Whiting et al., 2003). Additional items were created for the description of selection 

criteria, execution of tests and the diagnostic strategy that was used. Completeness of the 

datasets was described, based on the availability of data on patient identifiers, diagnostic 

test results and target disease. We compared the acquired data and the published results for 

consistency. We also checked the included studies for their study characteristics, including 

study design, inclusion criteria and diagnostic strategy. Participating authors were contacted 

to confirm missing data or to discuss major discordant results between acquired data and 

reported data. In addition to this, we organized a collaborators meeting, where authors 

could clarify details of their original study designs and the performed tests. We used RevMan 

5 software (Cochrane Collaboration) to summarize the quality indicators of the included 

studies according to QUADAS.
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Statistical analyses 
We merged the data into a summary database when variables were compatible. Incompatible 

data were recoded and also added to the summary database. First, we estimated prevalences 

of both any as well as bilateral tubal pathology for the individual studies and for the complete 

set of included studies. We also estimated sensitivity and specificity of HSG, based on two by 

two tables comparing the results on HSG and laparoscopy, constructed from the individual 

patient data. 

Second, we performed multiple imputations for missing patient characteristics per individual 

study (Janssen et al., 2010; Koopman et al., 2008). We also performed multiple imputations 

per study to correct for missing laparoscopy results, thereby reducing verification bias. To 

perform such analyses we assumed that, within one study, women that did not have a 

diagnostic laparoscopy had a tubal status comparable to the tubal status of women with the 

same HSG result, but who did have a diagnostic laparoscopy (Begg and Greenes, 1983; de 

Groot et al., 2008). All imputation procedures were performed within each study, and for 

the multicentre study within each center.

Third, we re-estimated sensitivity and specificity of HSG after imputation of laparoscopies. 

Fourth, we estimated the accuracy of HSG for subgroups of women, based on the following 

characteristics; female age, BMI and type and duration of subfertility. We also created 

subgroups on history of pelvic inflammatory disease (PID), Chlamydia Antibody Test (CAT) 

results as well as a subgroup with a clinical history without risk factors, consisting of women 

without previous PID and with a negative CAT result. Logistic regression models were used 

to quantitatively estimate the association of each of these patient characteristics on the 

accuracy of HSG. A random intercept in these models accounted for the heterogeneity in 

accuracy across studies. Female age, duration of subfertility and BMI were included in these 

analyses as continuous variables. We used splines to assess the assumption of linearity and 

performed appropriate transformations. We used two different models. In the first model 

we estimated sensitivity of HSG in women with tubal pathology. In the second model we 

estimated specificity of HSG in women without tubal pathology. Patient characteristics were 

added to these models as covariates. The effects of the covariates in the models on the 

accuracy of HSG indicated the differences in accuracy across patient subgroups. P-values 

below 0.05 were considered statistically significant.

Finally, estimated sensitivity and specificity of HSG for different relevant patient subgroups 

were calculated from these models. All analyses were performed both for any tubal 

pathology as well as for bilateral tubal pathology. Data were analysed using SPSS 17.0 (SPSS 

Inc., Chicago, Il, USA) and SAS 9.1 (SAS Institute Inc., Cary, NC, USA).
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Results

Literature search and data acquisition
In the previous meta-analysis, 19 studies on tubal pathology were included (Swart et al., 

1995). In our current search for new studies on the subject, we detected 2,642 potential 

relevant titles on Medline and 1,673 potential relevant titles on Embase, reporting on tubal 

pathology. After reading the abstracts, 181 studies were eligible for full reading. Of the 181 

studies, 71 studies were studies containing diagnostic data on HSG. No additional studies 

were identified in cross-references of the selected articles or by the approached authors. Of 

the 71 selected articles, 2 studies were duplicate studies and 32 authors were untraceable. 

Therefore, we contacted 37 authors by mail, of which 23 did not respond and 14 responded 

in a positive way. Seven authors reported that the data were lost, while the other 7 authors 

provided their data (Collins, et al., 1993; den Hartog et al., 2008; Marianowski et al., 2007; 

Mol et al., 1997; Mol et al., 2001; Ng et al., 2001; Steures et al., 2007; Strandell et al., 1999; 

Figure I. Flowchart of included studies
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van der Steeg et al., 2008; Veenemans and van der Linden, 2002). The study of van der 

Steeg et al. was a multicenter trial that contained data of 38 centers. In the analyses all data 

from this multicenter study were processed as originating from one study. In all included 

studies in this IPD meta-analysis, the HSG was used for tubal patency testing. A flow chart 

of the inclusion of studies is shown in figure I. 

Finally, data on 7,226 individual women from 7 studies were included in the summary 

database. For 4,521 women data on tubal status on HSG were available, which were used 

in the analyses. All included women were referred to a fertility clinic after at least one year 

of unfulfilled child wish. 

Quality assessment
The quality of the received data was considered sufficient for all included studies. An 

overview of the methodological quality of the included studies according to the criteria of 

the QUADAS checklist is shown in figure II. 

The comparison of consistency between the received data and the published results showed 

only minimal differences in mean female age and percentage of primary subfertility for 6 

studies and were therefore ignored. Study characteristics of the included articles are listed 

in table I.

Statistical analyses
The number of women available for analysis was 4,521. In 2,632 of these women a 

laparoscopy had not been performed. These data were imputed. 

Figure II. Overview of methodological quality of reporting of included studies, according to the QUADAS 
checklist
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The overall prevalence of any tubal pathology, as defined on diagnostic laparoscopy, was 

30% (95% CI 29% - 32%), with a range across studies from 12% to 38%. The overall 

prevalence of bilateral tubal pathology was 15% (95% CI 14% - 17%), with a range across 

studies from 9% to 21%. These prevalences, as well as the baseline patient characteristics of 

these studies are shown in table II. 

Across the individual studies, sensitivity ranged between 46% and 100% and specificity 

ranged between 73% and 100% when diagnosing any tubal pathology. The unadjusted 

pooled accuracy of HSG showed a sensitivity of 70% (95 % CI 0.66 - 0.74) and a specificity 

of 78% (95 % CI 0.75 - 0.80). After imputation of missing laparoscopy results, these rates 

Table I. Study characteristics of included studies

Study Year Total number 
women

Study design Inclusion 
criteria 

Exclusion 
criteria

Diagnostic 
strategy

Van der Steeg/
Steures

2007 3,716 Prospective 
cohort study

Women 
referred for 
subfertility 
work-up

Previous tubal 
testing
Previous tubal 
surgery

CAT - ! No 
TT
CAT + ! 
HSG/DLS

Ng 2001 110 Prospective 
cohort study

Women 
referred for 
subfertility 
work-up

Previous pelvic 
surgery
Severe male 
factor

CAT ! DLS

Van der Linden 2002 395 Prospective 
cohort study

Women 
referred for 
subfertility 
work-up

Unknown CAT - ! 
HSG
HSG + ! 
DLS
HSG - ! EXP 
! DLS

Den Hartog 2008 642 Prospective 
cohort study

Women 
referred for 
subfertility 
work-up

Previous pelvic 
surgery

CAT - ! 
HSG
CAT + ! 
DLS
HSG + ! 
DLS
HSG - ! EXP 
! DLS

Strandell 2004 103 Clinical trial Women 
referred 
for tubal 
investigation

Unknown HSG (& 
HyCoSy) ! 
DLS *1

Marianowski 2007 42 Clinical trial Women 
referred 
for tubal 
investigation

Unknown HSG ! DLS/
micro DLS

Collins 1999 2,198 Prospective 
cohort study

Women 
referred for 
subfertility 
work-up

HSG + ! 
DLS
HSG - ! EXP 
!
*2 DLS

TT: tubal testing (HSG or DLS); EXP: expectative management for at least six months after HSG; HyCoSy: 
hysterosalpingocontrastsonography; *1 Only a subset of women underwent DLS 
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were 53% (95% CI 0.50 - 0.57) and 87% (95% CI 0.86 - 0.88) for sensitivity and specificity, 

respectively. 

The results of the logistic regression models, in which we adjusted for the heterogeneity 

between studies, showed that most patient characteristics, i.e. duration of subfertility, 

BMI, type of subfertility, history of PID and CAT were not significantly associated with the 

accuracy of HSG. 

In women with a low risk clinical history, the sensitivity of HSG for detecting unilateral tubal 

pathology was 38% versus 61% in women with a high risk history (P = 0.005). This ‘risk’ 

variable was available for 1656 women, in whom the overall sensitivity was 45% and overall 

specificity was 89%. 

For bilateral tubal pathology, sensitivity ranged between 0% and 100% and specificity ranged 

between 87% and 97% across the individual studies. The pooled estimates for sensitivity 

and specificity were 66% (95% CI 0.55 - 0.75) and 91% (95% CI 0.89 - 0.93), respectively. 

After imputation of laparoscopy results, these rates were 46% (95% CI 0.41 - 0.51) and 95% 

(95% CI 0.94 - 0.95). An overview of the accuracy per study is shown in table III. 

In women with a low risk history, sensitivity was only 13 % compared to 47% in women 

with a high risk history (P = 0.01). This variable was available for 1607 women, in whom 

the overall sensitivity was 19% and overall specificity was 98%. Specificity of HSG was very 

stable across all subgroups. For bilateral tubal pathology, sensitivity of HSG decreased with 

Table III. Overview of sensitivity & specificity of HSG for the individual studies and for the pooled data 
before and after imputation of laparoscopies

Study Number of 
women

Accuracy of HSG (%)

Any tubal pathology Bilateral tubal pathology

Sensitivity Specificity Sensitivity Specificity

Van der Steeg/ Steures 710 76 73 62 91

Ng 48 70 86 na na

Van der Linden 69 73 67 na na

Den Hartog 96 67 83 na 95

Strandell 41 46 86 na na

Marianowski 42 100 100 100 97

Collins 883 67 80 65 87

Pooled accuracy before imputation (95% CI)

Empirical pooled 1,889 70 (66-74) 78 (75-80) 66 (55-75) 91 (89-93)

Pooled accuracy after imputation (95% CI)

Empirical pooled 4,521 53 (50-57) 87 (86-88) 46 (41-51) 95 (94-95)

Random intercept 
logistic regression 
model

4,521 54 (50-58) 88 (86-89) 39 (25-52) 97 (96-97)
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Table IV. Association between patient characteristics and accuracy of HSG

Table IVA. Association between patient characteristics and accuracy of HSG for any tubal pathology, 
assessed by random effects logistic regression model

Accuracy of HSG (%) Any tubal pathology

Sensitivity P-value Specificity P-value

Age (mean accuracy) 51 (N =1101) 89 (N=3420)

Age 25 yrs 52 0.69 89 0.16

Age 30 yrs 51 89

Age 35 yrs 50 88

Duration (mean accuracy) 51 (N=1101) 89 (N=3420)

Duration 1.4 yrs 50 0.23 89 0.24

Duration 1.7 yrs 50 89

Duration 2.0 yrs 51 89

BMI (mean accuracy) 51 (N=1101) 89 (N=3420)

BMI 20 49 0.55 89 0.53

BMI 25 51 88

BMI 30 53 88

Type (mean accuracy) 51 (N=1101) 89 (N=3420)

Type primary 50 0.57 89 0.20

Type secondary 52 87

HxPID (mean accuracy) 51 (N=1101) 89 (N=3420)

No HxPID 51 0.98 89 0.54

HxPID 51 85

CAT (mean accuracy) 51 (N=1101) 89 (N=3420)

CAT - 48 0.17 89 0.33

CAT + 56 87

Clinical risk (mean accuracy) 45 (N=335) 89 (N=1321)

Low risk 38 0.005 90 0.15

High risk 61 86
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increasing age (factor 0.93 per year (P = 0.05)). An overview of differences in the accuracy 

of HSG for several subgroups is shown in table IV. 

Discussion

The accuracy of HSG has often been estimated in previous studies, but always in isolation 

of patient characteristics. 

In this IPD meta-analysis, we assessed this association for two distinct definitions of tubal 

pathology; one in which any type of tubal pathology was considered abnormal, and one 

Table IVB. Association between patient characteristics and accuracy of HSG for bilateral tubal pathology, 
assessed by random effects logistic regression model

Accuracy of HSG (%) Bilateral tubal pathology

Sensitivity P-value Specificity P-value

Age (mean accuracy) 35 (N=520) 97 (N=3926)

Age 25 47 0.05 98 0.64

Age 30 38 98

Age 35 30 97

Duration (mean accuracy) 35 (N=520) 97 (N=3926)

Duration 1.4 33 0.10 97 0.47

Duration 1.7 35 97

Duration 2.0 36 97

BMI (mean accuracy) 35 (N=520) 97 (N=3926)

BMI 20 34 0.72 97 0.87

BMI 25 35 97

BMI 30 37 97

Type (mean accuracy) 35 (N=520) 97 (N=3926)

Type prim 40 0.06 97 0.38

Type sec 29 97

HxPID (mean accuracy) 35 (N=520) 97 (N=3926)

No HxPID 35 0.93 97 0.50

HxPID 37 96

CAT (mean accuracy) 35 (N=520) 97 (N=3926)

CAT - 33 0.32 97 0.51

CAT + 40 97

Clinical risk (mean accuracy) 19 (N=107) 98 (N=1500)

Low risk 13 0.01 98 0.17

High risk 47 97
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in which only bilateral abnormalities were considered abnormal. In our opinion, the latter 

definition is clinically the one most relevant, as these women have virtually no chance of 

conceiving either spontaneously or after intrauterine insemination. Since we had to combine 

data from different studies, we used a relatively broad definition of tubal pathology. All data 

on tubal pathology in the included studies could be matched using that definition. We did 

not make a distinction between proximal and distal tubal occlusion, because not all studies 

reported this level of detail and because clinical management and pregnancy chances are 

the same for proximal and distal tubal pathology (Farhi et al., 2007).

This IPD meta-analysis showed that sensitivity of HSG was not associated with patient 

characteristics, except for women with a clinical history without risk factors for tubal 

pathology, consisting of no previous PID and a negative CAT result, in whom sensitivity was 

significantly lower than in women with risk factors. Specificity of HSG was relatively high and 

very stable across all subgroups. 

An important strength of this study is the availability of a large number of data, from 

around the world. For continuous patient characteristics as female age, BMI and duration of 

subfertility, the complete range of values could be included in the analyses, without loss of 

information. This enabled us to estimate the association between the accuracy of HSG and 

patient characteristics with a robust statistical power. 

IPD meta-analyses are prone to limitations as well. One of the major issues in IPD meta-

analysis is the problem of missing data, both on the study level, as well as on the patient 

level, including both missing patient characteristics as well as missing laparoscopy results. 

As shown in the flowchart, not all eligible studies could be included in this meta-analysis, 

due to lack of information on the authors, lack of response from the authors or loss of data. 

The exclusion of these missing studies may have altered the absolute accuracy estimate of 

HSG, but not the associations between several patient characteristics and the accuracy of 

HSG, which is the main outcome of this study.  Comparison of the patient selections in the 

studies that were not available for this IPD meta-analysis with the selection of women in the 

included studies showed no major differences. 

Not all original studies contained the same patient characteristics in their databases and even 

if they had, often data were missing for some women. We decided to impute such missing 

patient characteristics, since this would prevent the exclusion of observed HSG results from 

women for which some patient characteristics were not available. It has been reported in 

literature that imputing such variables is a better option than ignoring them (Janssen et 

al., 2010).  We also compared the patient characteristics between patients included in the 

analyses and patients excluded from the analyses, which showed no differences.   

Another point of attention is the issue of missing laparoscopy results and the presence of 

partial verification. Partial verification occurs when a set of women that does not undergo 

the reference standard, is not comparable to the set of women that does undergo the 

reference standard. When the non-verified women (i.e. women without laparoscopy) are 

excluded from the analyses, verification bias is introduced (de Groot et al., 2008; van der 
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Heijden et al., 2006). As shown in table I, in some studies women with a normal HSG 

received expectative management and no laparoscopy was performed. This was also 

illustrated by the amount of missing values on laparoscopy for these women, which was 

70%, versus 34% missing values on laparoscopy in HSG positive women. To correct for 

the verification bias that would be introduced when all women with missing laparoscopy 

results were omitted and analyses were restricted to complete cases, we performed multiple 

imputations, in which we imputed these missing laparoscopies (van der Heijden et al., 2006). 

The resulting decrease in sensitivity and increase in specificity compared to the original 

studies and conventional meta-analysis can be explained by this correction, since omitting 

of correction of partial verification bias, usually leads to overestimation of sensitivity, with 

underestimation or varying effects on specificity (Leeflang et al., 2008; Lijmer et al., 1999; 

Rutjes et al., 2006). Although imputation of missing laparoscopies has changed the accuracy 

of HSG, there is no reason to assume that imputing the missing laparoscopies will influence 

the association between accuracy and patient characteristics, since all missing laparoscopy 

results were imputed independently from the patient characteristics. Furthermore, restricting 

the analyses to women that have both had HSG and laparoscopy does not reflect daily 

practice, where most patients first receive a HSG, followed by expective management in 

case of a normal HSG. In original studies it is therefore hardly feasible to immediately verify 

the diagnosis in all women, whereas in this IPD meta-analysis we were able to correct for this 

partial verification, thereby reducing biased accuracies. 

The assumption that the diagnostic performance of HSG is stable across patient subgroups 

has never been tested explicitly before, but can now be supported by this study. This 

implies that further research to assess the best diagnostic strategy for subfertile women 

will not be influenced by differences in accuracy across different subgroups of women, 

except for women with a low risk clinical history, in whom HSG was shown to have a low 

sensitivity. This finding suggests that these low risk women, without PID and with a negative 

CAT, have a normal HSG, but show abnormalities on laparoscopy. Clinically, the most likely 

explanation for this is probably not the failure of HSG to detect tubal pathology, but artefacts 

at laparoscopy. Although laparoscopy is considered to be the ‘gold standard’, it might not 

be a perfect reference standard. The following artefacts may occur at laparoscopy: vaginal 

leakage of dye, low pressure at chromopertubation, immature ending of the procedure, 

differences in flow when one tube is patent, or invisible fimbrial ends due to obesity, previous 

appendectomy, or view-blocking intestines (Mol et al., 1996). These laparoscopic artefacts 

might result in erroneous interpretation of the HSG. Specificity of HSG was relatively high in 

all subgroups of women and, also in the low risk group low numbers of false positive HSG 

results were observed. This means that tubal spasms at HSG are apparently a minor problem. 

Since HSG was used as a diagnostic test in all included studies in this meta-analysis, pregnancy 

rates were not reported. Therefore, the possible benefits of flushing of tubal mucus providing 

potential therapeutic fertility enhancement could not be observed in this study.    
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In conclusion, our results showed the accuracy of HSG is stable and not associated with any 

of the patient characteristics assessed in this study, except for women without risk factors. 

In these women, the sensitivity of HSG was low, which could be possible due to laparoscopic 

artefacts, leading to false positive laparoscopy results and explaining the decrease in 

sensitivity. Therefore, HSG can be considered as equally useful to detect tubal pathology for 

all groups of women. Although some women may still benefit from laparoscopy, HSG can 

be used as a screening test for all subfertile couples.  
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Abstract

Introduction Tubal patency tests are routinely performed in the diagnostic work-up of 

subfertile patients, but it is unknown whether these diagnostic tests add value beyond the 

information obtained by medical history taking and findings at physical examination. We 

used individual patient data meta-analysis to assess this question. 

Material & methods We approached authors of primary studies for datasets containing 

information on patient characteristics and results from tubal patency tests, such as 

Chlamydia Antibody Test (CAT), hysterosalpingography (HSG) and laparoscopy. We used 

logistic regression to create models that predict tubal pathology from medical history and 

physical examination alone, as well as models in which the results of tubal patency tests 

are integrated in the patient characteristics model. Laparoscopy was considered to be the 

reference test.

Results We obtained data from four studies reporting on 4,883 women. Duration of 

subfertility, previous pregnancies, previous pelvic inflammatory disease (PID), pelvic surgery 

and a history of Chlamydia infection qualified for the patient characteristics model. This 

model showed an AUC of 0.63 (95% CI 0.61 to 0.65). For any tubal pathology, addition of 

HSG significantly improved the predictive performance to an AUC of 0.74 (95% CI 0.73 to 

0.76) (p < 0.001). For bilateral tubal pathology, addition of both CAT and HSG increased the 

predictive performance to an AUC of 0.76 (95% CI 0.74 to 0.79).

Conclusion In the work-up for subfertile couples, the combination of patient characteristics 

with CAT and HSG results gives the best diagnostic performance for the diagnosis of bilateral 

tubal pathology.
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Introduction 

One of the major causes of female subfertility is tubal pathology, with a prevalence of 

around 30% (Brandes et al., 2010). The diagnostic work-up for tubal pathology consists 

of the performance of several diagnostic tests, of which Chlamydia Antibody Test (CAT), 

hysterosalpingography (HSG) and hysterocontrastsonography (HyCoSy) are used most 

widely. 

Presently, numerous studies have been published on the accuracy of tubal patency tests and 

two previous meta-analyses reported on the accuracy of CAT and HSG (Swart et al., 1995; 

Mol et al., 1997). In these meta-analyses, the value of the diagnostic tests was estimated 

in isolation of the patient’s history and physical examination since the underlying original 

studies did often not report on these.

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 these guidelines all recommend medical history and physical examination as a 

primary evaluation in the fertility work-up, none of them describes whether tubal patency 

tests have additional value after careful evaluation of the patient characteristics. A few studies 

on patient characteristics and diagnostic tests have been published since then. One study 

provided decision rules to express the probability of tubal pathology at the first consultation 

based on patient characteristics only (Coppus et al., 2007). Another study showed that the 

addition of 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). A third study 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 (Broeze et al., 2011). Still, the added value 

of these tubal patency tests beyond medical history for the diagnosis of tubal pathology has 

never been properly investigated. This is worrisome, because a diagnostic strategy in which 

all available information of 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.

The aim of this study was therefore to determine whether combining results from medical 

history and physical examination with tubal patency tests does improve the prediction of 

tubal pathology and to create a diagnostic score chart that can be applied by clinicians for 

calculating the probability of both any as well as bilateral tubal pathology. To do so, we used 
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individual patient data (IPD) meta-analysis, which is a new technology, allowing the study of 

the relation between patients’ characteristics and test results in a multivariable setting at the 

level of the individual patient (Broeze et al., 2010).

Methods

Literature search and data acquisition
We performed an electronic literature search of Medline and Embase to identify studies 

comparing the accuracy of CAT and HSG or HyCoSy with laparoscopy results on tubal 

pathology. Language restrictions were not applied and publications until January 2010 were 

included. The following search terms were used: ‘Chlamydia’, ‘“Chlamydia Trachomatis” 

[Mesh]’, ‘Chlamydia antibody’, ‘CAT’ and ‘“Fallopian Tube Patency Tests” [Mesh]’ or 

‘hysterosalpingography’ or ‘hysterosalpingogram’ or ‘HSG’ or ‘hysterocontrastsonography’ 

or ‘HyCoSy’ and ‘“Fallopian Tube Diseases” [Mesh]’ or ‘tubal pathology’ or ‘tubal disease’ 

or ‘tubal occlusion’ or ‘tubal obstruction’ or ‘tubal infertility’. Only studies containing 

diagnostic data on both CAT and HSG or HyCoSy and in which laparoscopy was performed 

as a reference test (to verify tubal pathology) were eligible for inclusion. Cross-references of 

the selected articles were searched for other eligible articles. We asked authors of eligible 

articles whether they were aware of any additional eligible studies. In this way, also data 

from studies that were missed by our search criteria, or that have not been published at 

all, were eligible for inclusion. Two independent reviewers (KAB and SFC) screened the 

electronic search results for eligible articles by reading the title and abstract.

For all eligible articles, we obtained contact information on the first, second or last author via 

Medline, Embase or the internet. We approached the authors by email and invited them to 

share their data in this collaborative project. In case contact information on the first author 

was not available or the first author did not respond, we contacted the second or last author. 

We provided authors that were willing to participate with a more detailed study proposal, 

and asked them to send their original dataset. We requested the complete database in 

the original format, as to minimise the authors’ efforts to select the appropriate variables 

or to convert data to a specific format. If variables and categories were not adequately 

labelled within the dataset, a separate data dictionary was requested. Approval from the 

local Institutional Review Board was obtained by the original authors. 

Datasets should at least include the following variables: anonymous patient identifiers, 

patient characteristics obtained from clinical history and physical examination (e.g. female 

age, type of subfertility and Body Mass Index), CAT results, tubal patency test results and 

the results of diagnostic laparoscopy. 

At HSG or HyCoSy, tubal pathology was defined as impaired or absent flow of contrast 

medium in the fallopian tubes, either proximally or distally. At laparoscopy, tubal 

pathology was defined as the presence of occlusion of the fallopian tubes, with or without 

proefschrift.indb   108 6-5-2013   09:33:38



Integration of CAT, HSG and patient characteristics

109

hydrosalpinges or peritubal adhesions. Tubal occlusion was considered to be present if filling 

or spillage of dye was not observed. We made a distinction between any and bilateral tubal 

pathology, in which any tubal pathology was defined as tubal pathology in at least one of 

the tubes. Bilateral tubal pathology was considered to be present if tubal pathology was 

seen in both tubes.

Duration of subfertility was defined as the time (in years) between child wish and performance 

of HSG or HyCoSy. Type of subfertility was defined as primary subfertility when a couple had 

no previous pregnancies. Previous pelvic inflammatory disease (PID) was defined as a clinical 

episode of abdominal pain and fever for which antibiotics were given and no other focus was 

found. Previous Chlamydia infection was defined by a positive PCR for Chlamydia without 

clinical signs of infection, or it was self-reported by the patient. The following Chlamydia 

antibody tests were used: ELISA (cut-off 1.1), IF (cut-off 1:32) and MIF (cut-off 1:32).

Since we assumed not all data from the eligible studies would be accessible, we compared 

the patient selection and their baseline characteristics between the included studies and the 

eligible studies for which data were not available, to check whether the present study was 

based on a representative sample of studies. 

For all included patients other subfertility causes such as anovulation or low semen quality 

were excluded.  For studies that did not initially exclude patients with anovulation or low 

sperm quality from their original dataset, we excluded these patients from the final database. 

Therefore, in the analyses patients were only included when there were no clear causes of 

subfertility before tubal patency testing.

Quality assessment 
We scored the quality of reporting of the included studies according to the criteria of the 

QUADAS checklist (Whiting et al., 2003). Additional items were created for the description 

of selection criteria, execution of diagnostic tests and the diagnostic strategy that was used. 

Completeness of the datasets was described, based on the availability of data on patient 

identifiers, diagnostic test results and target disease. We compared the acquired data and 

the published results for consistency. Participating authors were contacted to confirm 

missing data or to discuss major discordant results. In addition to this, we organized a 

collaborators meeting, where authors could clarify details of their original study designs and 

the performed tests. We used Review Manager (Computer program, 2008) to summarize 

the judgment of the methodological quality indicators of the included studies according to 

QUADAS.

Statistical analysis 
We merged the data into a summary database if variables were compatible. Incompatible 

data were first recoded and then added to the summary database. 

First, we estimated the prevalences of both any as well as bilateral tubal pathology for the 

individual studies separately and for the complete set of included studies, based on the 
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original data. We also estimated sensitivity and specificity of CAT, HSG and HyCoSy, based 

on two by two tables of original data, comparing the results on these tests and laparoscopy 

across studies. Sensitivity was defined as the number of women with tubal pathology that 

was diagnosed correctly, and specificity was defined as the number of women without tubal 

pathology diagnosed correctly.

Second, we performed a missing value analysis and imputed both missing patient 

characteristics, as well as missing results of CAT, HSG, HyCoSy and laparoscopies per 

individual study. A multiple imputation procedure of ten rounds was performed, in which 

all available variables, including the results of the diagnostic tests were used as predictors 

to estimate probable values for missing data (Koopman et al., 2008; Broeze et al., 2010; 

Broeze et al., 2011). 

Third, we developed univariable and multivariable logistic regression models for both any as 

well as for bilateral tubal pathology.  A multivariable logistic regression model was developed 

for patient characteristics, including female age, previous pregnancies (secondary vs. 

primary subfertility), duration of subfertility, BMI, previous pelvic inflammatory disease (PID), 

previous pelvic surgery (including caesarean section, ovarian surgery and appendectomy) 

and previous Chlamydia infection, and the added value of including CAT and/or HSG or 

HyCoSy in this model was evaluated. Female age, duration of subfertility and BMI were 

included in these analyses as continuous variables. As the logistic regression model assumes 

a linear association between the continuous variables and the outcome, we explored this 

assumption by using smooth piecewise polynomials (splines) and performed appropriate 

transformations. For all variables, odds ratios (ORs) and 95% confidence intervals (CI) as 

well as p-values were calculated. Variables with a p-value below 0.30 were considered 

as candidate predictors in the multivariable logistic regression analysis and we used a 

significance level of 0.20 to keep predictors in the model (Janes and Pepe, 2008; Steyerberg 

et al., 2000). Random intercepts were used in both univariable and multivariable models to 

account for heterogeneity in prevalence of tubal pathology across studies. Four different 

models were explored; a patient characteristics model, a patient characteristic model with 

addition of CAT, a patient characteristics model with addition of HSG or HyCoSy, and a 

patient characteristics model with addition of both CAT and HSG or HyCoSy.   

Fourth, the discriminative capacity of the four strategies was evaluated with receiver operating 

characteristic (ROC) analysis in which the area under the ROC curve (AUC) was calculated 

based on the estimated predicted probabilities from the logistic regression models. The 

AUC was used to express the accuracy of a diagnostic strategy to diagnose tubal pathology 

and differences in diagnostic accuracy between the models were calculated. The diagnostic 

capacities of CAT, HSG and HyCoSy alone were also plotted in the ROC space. The calibration 

of the models, which is the agreement between predicted and observed probabilities, was 

evaluated by visual inspection of the calibration plots (Steyerberg et al., 2001).  
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Fifth, women were classified according to their predicted probability of tubal pathology 

based on the models and the percentage of patients correctly reclassified with the model 

with addition of HSG or HyCoSy was calculated. 

Finally, for clinical use, we derived a diagnostic score chart from the model including medical 

history, physical examination and the results of CAT and HSG or HyCoSy. To develop this 

diagnostic score chart the regression coefficients were multiplied by 10 and rounded to 

simplify the computation for clinical practice. Values for continuous variables were obtained 

by linear interpolation. For each summary score that can be calculated for an individual 

patient, this chart indicates the probability of any or bilateral tubal pathology in that 

particular patient. 

Figure I. Flowchart of included studies

 
Studies from search  

 Medline N = 58  

 
Embase N = 75

 

Studies eligible for inclusion  

N = 10  

Authors approached  

N = 9
 

Positive response  

N = 7  

Studies with CAT & HSG  

N = 4  
Total women N = 4,880  

Untraceable authors  

N = 1 (N of women = 76)  

Duplicate authors  
N = 0

 

No response  

N = 2 (N of women = 449) 
 

Data lost  

N = 3 (N of women = 421)
 

Duplicate studies
 

N = 34  

No diagnostic data/reference test

N = 89
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All analyses were performed both for any tubal pathology as well as for bilateral tubal 

pathology. Data were analysed using SPSS 18.0 (SPSS Inc., Chicago, Il, USA) and SAS 9.1 

(SAS Institute Inc., Cary, NC, USA).

Results

Literature search and data acquisition
A flow chart of the search and inclusion of studies is shown in figure I. In the performed 

search we detected 75 potential relevant titles on Medline and 114 potential relevant titles 

on Embase, reporting on tubal pathology, CAT and HSG or HyCoSy. Of these 189 articles, 

43 were duplicates as they were published both in Medline as in Embase. Of the remaining 

146 articles, 136 articles were excluded due to a lack of diagnostic data or the absence of 

the desired reference test, whereas 10 studies were eligible for full reading after reading the 

abstract. All 10 studies described different cohorts of women, but for one study the author 

was untraceable, leaving nine studies eligible for the present IPD meta-analysis. Checks of 

cross-references of selected articles identified no other studies.  

Table I. Study characteristics of included studies

Study Year Total 
number 
women

Study 
design

Inclusion 
criteria

Exclusion 
criteria

Diagnostic 
strategy

CAT tests 
used

Van der Steeg/ 
Steures

2008 3716 Multicenter 
prospective 
cohort study

Women 
referred for 
subfertility 
work-up

Previous 
tubal 
testing
Previous 
tubal 
surgery

CAT - ! No 
TT
CAT + ! 
HSG/DLS

ELISA 
(Medac) 
IF 
(Biomerieux)

Ng 2001 110 Prospective 
cohort study

Women 
referred for 
subfertility 
work-up

Previous 
abdominal 
surgery
Severe male 
factor

CAT ! DLS MIF (USA)

Van der Linden 2002 395 Prospective 
cohort study

Women 
referred for 
subfertility 
work-up

Unknown CAT - ! HSG
HSG + ! DLS
HSG - ! EXP 
! DLS

IF 
(Biomerieux)

Den Hartog 2008 659 Prospective 
cohort study

Women 
referred for 
subfertility 
work-up

Previous 
pelvic 
surgery

CAT - ! HSG
CAT + ! DLS
HSG + ! DLS
HSG - ! EXP 
! DLS

ELISA 
(Medac) 

TT: tubal testing (HSG or DLS). EXP: expectative management for at least six months after HSG. In the 
seventh column the diagnostic strategy of the original study was described when reported in the article. 
Some studies performed a DLS irrespective of the HSG results. Other studies had a different strategy for 
HSG negative women and HSG positive women. In the same way, the management after CAT was in some 
studies dependent on the obtained results.
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There were seven authors who responded after we contacted them by email or telephone. 

Three reported their data to be lost, whereas the other 4 authors provided their data (Den 

Hartog et al., 2008; Ng et al., 2001; Van der Steeg et al., 2008; Veenemans and Van der 

Linden, 2002). One of these studies was a multicenter trial that contained data of 38 centers 

(Van der Steeg et al., 2008). The CAT tests that were used are shown in table I. In all 

participating studies HSG was used as tubal patency test before laparoscopy, since we could 

not include any study that contained data on both CAT as well as on HyCoSy and laparoscopy 

results. The four included studies contained data of 4,880 individual women, which were 

used in the analyses. There were no major differences in patient samples, prevalences of 

tubal pathology or other patient characteristics between the included and excluded studies.

Quality assessment
The quality of reporting of the original studies was good, except for the reporting on 

verification bias and blinding of the test results. Three of the four studies did not describe 

whether partial verification bias was avoided. As verification bias seemed to occur as a 

consequence of incomplete verification (not all results obtained by an index test were 

verified by a reference test) we corrected for this verification bias by imputing these missing 

values, as described in the methods section. An overview of the methodological quality of 

the included studies according to the criteria of the QUADAS checklist is shown in figure II. 

The quality of the received data was considered sufficient for all included studies. The 

comparison of consistency between the received data and the published results showed 

only minimal differences in mean duration of subfertility, BMI and percentage of primary 

Figure II. Overview of methodological quality of reporting of included studies, according to the QUADAS 
checklist

 
Representative spectrum?  

Acceptable reference standard?  

Partial verification avoided?  

Differential verification avoided?  

Reference standard results blinded?  

Uninterpretable results reported?  

Withdrawals explained?  

Selection criteria cleary described?  

Execution of index test described sufficiently?  

Execution of reference test described sufficiently?  

Diagnostic strategy sufficiently described?  

0% 25% 50% 75% 100% 

Yes (high quality)  Unclear  No (low quality)  
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subfertility and were therefore ignored. Study characteristics of the included articles are 

listed in table I.

Statistical analyses
Baseline characteristics of the included studies are shown in table II. The prevalences of tubal 

pathology, as well as an overview of the accuracies of CAT and HSG, for any and bilateral 

tubal pathology are shown in table III.

The overall pooled prevalence of any tubal pathology, as defined on diagnostic laparoscopy, 

was 25%, with a range across studies from 18% to 27%. The overall prevalence of bilateral 

tubal pathology was 12%, with a range across studies from 9% to 16%. 

Any tubal pathology
For any tubal pathology, the unadjusted pooled sensitivity of CAT was 0.53 (95 % CI 

0.48 to 0.58), for a specificity of 0.72 (95 % CI 0.69 to 0.74). Across individual studies, 

sensitivity ranged between 0.51 and 0.68 and specificity ranged between 0.65 and 0.90. 

The unadjusted pooled sensitivity of HSG was 0.75 (95 % CI 0.69 - 0.81) for a specificity of 

0.74 (95 % CI 0.71- 0.77). Across individual studies, sensitivity ranged between 0.67 and 

0.76 and specificity ranged between 0.67 and 0.86. 

The ORs and p-values from the univariable and the four multivariable analyses are shown in 

table IV.

Duration and type of subfertility, previous pelvic inflammatory disease (PID), pelvic surgery, 

and Chlamydia infection, and a positive CAT and an abnormal HSG were candidate predictors 

(p < 0.30) in the univariable analysis. These patient characteristics were integrated in the 

patient characteristic model. 

The patient characteristics model showed an AUC of 0.63 (95% CI 0.61 to 0.65). Combination 

of patient characteristics with CAT only slightly increased the predictive value of the model 

(AUC from 0.63 to 0.67; p < 0.001), whereas addition of HSG further improved the predictive 

performance of the model substantially (AUC from 0.67 to 0.74; p < 0.001). The addition of 

both CAT and HSG did not result in a better prediction than when the patient characteristics 

were combined with HSG alone (AUC 0.76 versus AUC 0.74; p = 0.10). The summary ROC 

curves of the four models predicting any tubal pathology are shown in figure IIIA. The curves 

show that over the full range of sensitivities and specificities the model with addition of CAT 

Table V: Classification of women according to their probabilities

Number of women 
(TP/no TP)

Patient characteristics & HSG model

Patient 
characteristics 
model

< 20% 20 – 30 % 30 – 40 % > 40%

< 20% 2959 (381/2578) 214 (82/132) 361 (165/196) 0 (0/0)

20 – 30% 851 (171/680) 71 (22/49) 119 (70/49) 194 (113/81)

30 – 40% 0 (0/0) 64 (18/46) 0 (0/0) 33 (25/8)

> 40% 0 (0/0) 0 (0/0) 8 (3/5) 6 (3/3)
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Differences between models: 
CAT alone & Patient characteristics with CAT p < 0.001 
HSG alone & Patient characteristics with HSG p < 0.001 
Patient characteristics & Patient characteristics with HSG p < 0.001 
Patient characteristics with HSG & Patient characteristics with CAT& HSG p = 0.1

Figure IIIB. Summary ROC curves of the 
four prediction models for 
bilateral tubal pathology

Model 1:  patient characteristic model
Model 2:  patient characteristic & CAT 

model
Model 3:  patient characteristic & HSG 

model
Model 4:  patient characteristic & CAT & 

HSG model 
Dark dot:  CAT model
Light dot:  HSG model

Figure III. Summary ROC curves of the four prediction models
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Figure IIIA. Summary ROC curves of 
the four prediction models for any tubal 
pathology
Model 1:  patient characteristic model
Model 2:  patient characteristic & CAT 

model
Model 3:  patient characteristic & HSG  

model
Model 4:  patient characteristic & CAT & 

HSG model 
Dark dot:  CAT model
Light dot:  HSG model

Differences between models: 
CAT alone & Patient characteristics with CAT p < 0.001 
HSG alone & Patient characteristics with HSG p < 0.001 
Patient characteristics & Patient characteristics with HSG p < 0.001 
Patient characteristics with HSG & Patient characteristics with CAT& HSG p < 0.001 
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and HSG had the best capacity, although its capacity was similar to the model with addition 

of HSG alone. The calibration plots of the patient characteristics model showed a good 

agreement between observed and expected tubal pathology for all models.

The reclassification of women based on the predicted probabilities between the patient 

characteristic model and the model with addition of HSG is shown in table V. 455 women 

with any tubal pathology were reclassified upward to a higher predicted probability if 

HSG was added to the model. 731 women without any tubal pathology were reclassified 

downward to a lower predicted probability if HSG was added to the model. 

Bilateral tubal pathology
For bilateral tubal pathology, the unadjusted pooled sensitivity of CAT was 0.66 (95 % CI 0.59 

to 0.72), for a specificity of 0.70 (95 % CI 0.68 to 0.73). The sensitivity of HSG was 0.60 (95 % 

CI 0.50 to 0.71), for a specificity of 0.91 (95 % CI 0.89 to 0.93). The odds ratios and p-values 

from the univariable and the four multivariable analyses are shown in table III. 

The ORs and p-values from the univariable and the four multivariable analyses are shown in 

table VI.

Duration and type of subfertility, previous PID and previous Chlamydia infection could be 

integrated in the patient characteristic model. The patient characteristics model showed an 

AUC of 0.63 (95% CI 0.60 to 0.66). Combining the patient characteristics with CAT or HSG 

increased the prediction of tubal pathology in the same way (AUC from 0.63 to 0.72; p < 

0.001). The addition of both tests to the patient characteristics gave the best prediction of 

bilateral tubal pathology (AUC 0.76 95% CI 0.74 to 0.79), although the addition of CAT to 

Table VII: Score chart for any and bilateral tubal pathology

Any TP Bilateral TP

Duration (years) < 1
1-2
2-3
>4

0
1
2
3

1
2
4
5

Type of subfertility Primary 
Secondary 

0
1

0
0

Previous PID No 
Yes 

0
6

0
7

Previous Surgery No
Yes

0
7

0
0

Previous Chlamydia infection No
Yes

0
5

0
7

CAT Negative
Positive

0
9

0
12

HSG Normal 
Abnormal

0
18

0
22

Diagnostic summary score

Procedure: the diagnostic summary score can be calculated by circling and adding the scores for each of 
the patient characteristics. 
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patient characteristics and HSG, increases only sensitivity, but does not change specificity. The 

summary ROC curves of the four models predicting bilateral tubal pathology are shown in 

figure III. 

Diagnostic score charts
The diagnostic score charts for any and bilateral tubal pathology are shown in table VII. 

Clinicians will be able to calculate a summary score for their individual patients and the 

probability of tubal pathology can be read from figure IV in which this probability is plotted 

against the summary score from the diagnostic score chart. 

Discussion

This is the first study to provide the most robust evidence available that the most effective 

strategy to predict any tubal pathology is to combine information from medical history and 

physical examination with the results of hysterosalpingography. In the prediction of bilateral 

tubal pathology, additional performance of both CAT and hysterosalpingography gives the 

best diagnostic work-up for subfertile women. 

The strength of this IPD meta-analysis is the availability of data on both medical history and 

diagnostic test results from several studies at the level of individual patients, thus providing 

the opportunity to integrate these factors in multivariable models. In previous meta-analyses 

on the diagnostic value of CAT and/or HSG, information from medical history and physical 

examination was often not incorporated in the analyses. A meta-analysis in which 32 original 

studies were included, did identify predictive patient characteristics for tubal pathology, 

but diagnostic test results were not taken into account and multivariable analyses could 

  Figure IV. Probability of tubal 
pathology corresponding to 
summary score
Upper line (straight) indicates any 
tubal pathology
Lower line (dotted) indicates 
bilateral tubal pathology
Procedure: the diagnostic 
summary score can be plotted in 
the figure and the probability of 
tubal pathology can be read from 
the y-axis. 
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not be performed, as the construction of two by two tables per predictive characteristic 

did not allow correcting for their mutual dependence (Luttjeboer et al., 2009). In contrast, 

this individual patient data meta-analysis allows the assessment -over time- of all parts of 

the subfertility work-up and therefore its results better reflect daily practice in which the 

diagnostic work-up is a consecutive process.

A limitation of IPD meta-analysis is that a meta-analysis (in general) is dependent on the 

availability, design and collected data of the original studies. Studies are only eligible for 

inclusion in a (IPD) meta-analysis if the required variables are included in the original study 

and reported in a correct way. For example, for a systematic comparison of HSG or HyCoSy 

with laparoscopy at the patient level, the design of original studies need to incorporate a 

paired assessment of both HSG or HyCoSy and laparoscopy in each patient. Also, primary 

authors need to have their data available for inclusion in the IPD meta-analysis. In our IPD 

meta-analysis original data could not be obtained for a considerable fraction of studies 

eligible for inclusion. About half of the approached authors replied to the invitation to share 

data, but only few still had the original data available. Therefore, it was not possible to 

include data from studies published in different parts of the world, so we cannot be certain 

that the results can be extrapolated to all countries. In a previous IPD meta-analysis on 

diagnosing tubal pathology by CAT alone based on data from studies in a wider range of 

countries, we did show that the influence of Chlamydia on tubal pathology is comparable for 

all countries (Broeze et al. 2011). Also, as we found no major differences in patient samples, 

prevalences of tubal pathology or other patient characteristics between the studies, we 

believe this IPD meta-analysis was based on a representative group of patients from the four 

major studies included.

Since we were dependent on the original studies the models created in this study were 

based on the available patient characteristics from available studies. Endometriosis, for 

example, is a  condition that may result in tubal pathology, but information on endometriosis 

was either not documented in the original databases or not reported in a standardized 

way or in sufficient detail. Therefore, endometriosis could not be included as a clinical 

variable in this meta-analysis. The same applies for ectopic pregnancies and details of 

previous gynaecological surgery. Hopefully, more complete and generalizable models may 

be developed in the future, once the required data are (made) available to the researchers.

Although present IPD analyses in general are thus hampered by limited availability of data 

and reluctance to share data, we do hope that with increasing awareness of the potential 

of IPD, better data sharing policies as well as advancing data storage facilities, future IPD 

meta-analyses may be based on more studies and more complete datasets. 

To improve the discriminative ability of the models, a multiple imputation approach was 

chosen for available clinical variables, since omitting a predictor variable with missing values 

from a multivariable analysis decreases its discriminative ability and imputation is better than 

a complete case analysis, in which all patients with missing data are excluded (Janssen et al., 

2010; Moons et al., 2006). Also, imputing missing laparoscopies reduces verification bias, 
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which often occurs in diagnostic research, where laparoscopy may be delayed for several 

months in women with tubal patency on HSG, where women might get pregnant before 

laparoscopy or are diagnosed with tubal pathology before laparoscopy is performed (de 

Groot et al., 2008; van der Heijden et al., 2006). 

From a clinical perspective it is important to realize that several Chlamydia antibody tests 

exists, of which ELISA, MIF and IF were performed in the studies included in this meta-

analysis. These tests all have different accuracies, indicating that different CAT tests might 

have different abilities to predict tubal pathology. Tests that are specific for Chlamydia 

trachomatis show other accuracies than tests that show cross-reactivity with Chlamydia 

pneumoniae, leading to higher false positive rates (Land et al. 2003). Most women in this 

study underwent ELISA manufactured by Medac, which has the least cross-reactivity with 

Chlamydia pneumoniae and the other Chlamydia antibody tests that were used had even 

lower numbers of false positive test results. Also, the ability to predict tubal pathology is 

dependent of the definition of tubal pathology (Land et al. 1998). Our definition of tubal 

pathology included occlusion of the fallopian tubes, with or without hydrosalpinges and 

peritubal adhesions. We did not discriminate between proximal and distal tubal occlusion, 

since clinical management and pregnancy chances are similar in both types of occlusion 

(Farhi et al., 2007). We focused on the diagnostic capacity of hysterosalpingography and 

diagnostic laparoscopy, since data on hysterocontrastsonography (HyCoSy) or transvaginal 

hydrolaparoscopy, combined with CAT results and patient characteristics were not available. 

Furthermore, in a previous study it was shown that there were no large differences in the 

diagnostic performance between HSG and HyCoSy (Dijkman et al. 2000).

We performed analyses for both any, as well as for bilateral tubal pathology, since it 

was known that spontaneous pregnancy chances differ substantially between unilateral 

and bilateral tubal pathology. When unilateral tubal pathology exists, the reduction in 

spontaneous pregnancy chance is moderate, whereas bilateral tubal pathology severely 

reduces the spontaneous pregnancy chance (Mol et al. 1997, Mol et al. 1999, Verhoeve et 

al. 2011).   

The diagnostic score chart supplied in this study can be used as a paper score chart, which 

transforms the individual risk score into a probability of any or bilateral tubal disease. 

Alternatively, the score chart can be incorporated into software, i.e. used in an application for 

mobile devices such as smartphones, or in an electronic patient file. For example, a woman 

with primary subfertility for 2 years, a blank history and negative tubal tests has a summary 

score of 2 and a 10% predicted probability of any tubal pathology. A woman with primary 

subfertility for 2 years, who has had a previous PID, has a positive CAT and an abnormal HSG, 

has a summary score of 43 and a 65% predicted probability of bilateral tubal pathology. This 

individual calculated score can be used to decide whether invasive diagnostic tests, such as 

diagnostic laparoscopy, have to be performed. In patients with a relatively low or a relatively 

high predicted probability of tubal pathology, diagnostic laparoscopy can be avoided and 

in patients with a high predicted probability of bilateral tubal pathology in vitro fertilisation 
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(IVF) can be decided as the first choice assisted reproductive therapy. Obviously, this newly 

developed risk score requires further validation in a new external dataset. Unfortunately, 

such a dataset was not available. Better data sharing policies as well as advancing data 

storage facilities will deal with this problem and allow future IPD meta-analyses to include 

more complete datasets from more, studies from different parts of the world.

In conclusion, the present IPD meta-analysis provides for the first time a diagnostic score chart 

in which information from medical history and physical examination can be combined with 

the results of tubal testing in order to calculate the predicted probability of tubal pathology. 
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Abstract

Introduction To provide optimal management for subfertile couples, it is essential to 

calculate chances of natural conception. The aim of this study was to investigate the added 

value of tubal patency tests over patient characteristics and to assess the predictive capacity 

of these tests for natural conception in women with different profiles.

Material & Methods Authors of selected articles were approached to share their data. 

Models were built to assess the predictive value of patient characteristics and the added 

value of HSG and/or laparoscopy. Fecundity rate ratios (FRRs) were calculated for women 

with specific profiles.

Results We obtained data of 6,326 women. The model based on female age, duration 

and type of subfertility, BMI, previous Chlamydia infection and a positive CAT had an area 

under the ROC curve of 0.61 (95% CI 0.60 - 0.63). Adding HSG, laparoscopy and both HSG 

and laparoscopy, increased the AUCs to  0.63 (95% CI 0.62 - 0.65), 0.62 (95% CI 0.60 - 

0.63) and 0.63 (95% CI 0.62 - 0.65) respectively. Higher female age and longer duration of 

subfertility lead to lower rates of natural conception. 

Conclusion Natural conception can be best predicted from patient characteristics and HSG 

results. Laparoscopy had no added value to HSG.
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Introduction

Subfertility affects 10% to 15% of couples trying to conceive (Brandes et al., 2010). One 

of the major causes of female subfertility is tubal pathology, of which the assessment 

by hysterosalpingography (HSG), hystero-contrast-sonography (HyCoSy), transvaginal 

hydrolaparoscopy (THL) or diagnostic laparoscopy (DLS) plays an important role in the 

diagnostic work-up of subfertile couples (ASRM, 2006; NICE, 2004; NVOG, 2004). This 

work-up is helpful in judging the likelihood of natural conception. A high probability of 

natural conception justifies an expectant management policy, whereas starting assisted 

reproductive treatment can be offered if the probability for natural conception is less than 

30% (Steures et al., 2006).

Previous studies have shown that tubal pathology detected by HSG or laparoscopy affects 

fertility outcome. In case of unilateral tubal pathology at HSG or DLS, there was a slight 

reduction in spontaneous pregnancy chances, with bilateral tubal pathology, spontaneous 

pregnancy rates were more strongly affected (Nordenskjold and Ahlgren, 1983; Mol et al., 

1997; Mol et al., 1999; Mol et al., 1999; Verhoeve et al., 2011). 

All previous studies estimated the predictive capacity of HSG and laparoscopy as stand alone 

modalities, without taking into account patient characteristics like female age, duration 

of subfertility, previous pelvic inflammatory disease (PID) or previously performed pelvic 

surgery. Thereby these evaluations ignored possible relations between patient profile and 

tubal status. It is still unknown to what extent HSG and laparoscopy have added value in 

the prediction of spontaneous pregnancy on top of the information already known from 

clinical history. Also, the predictive value of HSG and laparoscopy might vary for patients 

with different profiles. It is possible that for some patients a work-up with HSG might be 

sufficient, whereas others could start immediately with laparoscopy. 

The aim of this study was to investigate the possible added value of these tests in the 

prediction of natural conception, relative to patient characteristics obtained from clinical 

history and physical examination, and to reassess the predictive capacity of tubal patency 

tests for spontaneous pregnancy chances in women with different prognostic profiles. 

Methods 

Literature search 
A computerized search in Medline and Embase was performed to identify registered papers 

published between January 1995 and December 2010. Keywords used were ‘female 

subfertility’ AND ‘hysterosalpingography’ OR ‘hysterosalpingo-contrast-sonography’ OR 

‘transvaginal hydrolaparoscopy’ OR ‘diagnostic laparoscopy’ AND ‘pregnancy’. Studies were 

considered eligible if the included women had been referred for tubal patency testing by 

HSG or laparoscopy and if pregnancy outcome was reported. Besides HSG and laparoscopy 
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we also included studies of hysterosalpingo-contrast-sonography (HyCoSy) or transvaginal 

hydrolaparoscopy (THL), as the findings from these tests correspond to a large extent with 

those from HSG (Ekerhovd et al., 2004) and laparoscopy (Fujiwara et al., 2003), respectively. 

Studies were selected in a two-stage process. First, two reviewers scrutinized titles and 

abstracts from the electronic searches independently (KB and FvZ) and full manuscripts of 

all citations that were likely to meet the predefined selection criteria were obtained. Final 

inclusion or exclusion decisions were then made on examination of the full manuscripts. 

Differences of opinion were resolved by consensus after consultation with a third researcher. 

References of obtained articles were scanned to identify other potentially eligible articles. 

Authors of eligible articles were asked whether they were aware of any additional eligible 

studies. This way, data from studies missed by our search criteria, or from studies that have 

not been published at all, were also eligible for inclusion. The search was not restricted by 

language. 

Data acquisition
For each eligible article, we obtained contact information on the first, second or last author. 

In case contact information on the first author was not available or if the first author did not 

respond, we contacted the second or last author. We approached these authors by mail and 

invited them to share their data in this collaborative project. Authors willing to participate 

were asked to send their original dataset. We requested the complete database in the 

original format, as to minimise authors’ efforts in selecting the appropriate variables or in 

converting data to a specific format. If variables and categories were not adequately labelled 

within the dataset, a clear legend in English was asked for. 

Datasets should at least include the following variables: anonymous patient identifier, data 

on patient characteristics such as female age or duration of subfertility, results of HSG, 

HyCoSy, THL or diagnostic laparoscopy (tubal pathology absent or present), spontaneous 

pregnancy or live birth and time to pregnancy. Pregnancy was defined as an ongoing 

pregnancy at a gestational age of 12 weeks, confirmed by ultrasonography. 

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 eight days. 

Duration of subfertility was defined as the time between child wish and performance of 

the tubal patency test of interest, or, in the studies that included two tests, as the time 

between child wish and performance of the first performed test. Type of subfertility was 

defined as primary subfertility when a couple had no previous pregnancies or secondary 

infertility if a couple had a previous pregnancy. Previous pelvic inflammatory disease (PID) 

was defined as a clinical episode of abdominal pain and fever for which antibiotics were 

given and no other focus was found. Previous Chlamydia infection was defined by a positive 

PCR for Chlamydia without clinical signs of infection, or by self-reporting of the patient. The 

following Chlamydia antibody tests were used: ELISA (cut-off 1.1), IF (cut-off 1:32) and MIF 
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(cut-off 1:32). Time to pregnancy was defined as the time between the tubal patency test of 

interest and the occurrence of a spontaneous ongoing pregnancy. 

Tubal pathology included unilateral and bilateral tubal pathology. At HSG or HyCoSy, tubal 

pathology was defined as impaired or absent flow of contrast medium in the fallopian 

tubes, either proximally or distally. At TLH or laparoscopy, tubal pathology was defined as 

the presence of occlusion of the fallopian tubes, with or without hydrosalpinges or peritubal 

adhesions. Tubal occlusion was considered to be present if filling or spillage of dye was 

not observed. Unilateral tubal pathology was defined as the presence of occlusion of the 

fallopian tubes, with or without hydrosalpinges or peritubal adhesions, in one of the tubes. 

Bilateral tubal pathology was present when such abnormalities were seen in both tubes. If 

needed, ethical approval had been acquired by the original authors.

Quality assessment 
The quality of every included study was scored with a modified QUADAS tool by two 

researchers independently (KB and FvZ). The QUADAS checklist has been developed for use 

in systematic reviews of diagnostic accuracy studies. We modified this checklist to fit the 

quality assessment of prognostic studies (Whiting et al., 2003). Additional items were created 

for the description of selection criteria, execution of index tests (HSG and laparoscopy) and 

the description of follow-up (duration of follow-up, as well as loss to follow-up). 

We used RevMan 5 software (Cochrane Collaboration) to summarize the quality indicators of 

the included studies. Completeness of the datasets was described, based on the availability 

of data on patient identifiers, diagnostic test results and pregnancy rates. We compared 

the acquired data and the published results for consistency. We also checked the included 

studies for their study characteristics, study design, inclusion criteria and diagnostic strategy. 

Participating authors were contacted to confirm missing data or to discuss major discordant 

results between acquired data and reported data. 

Statistical analyses
We merged all acquired original data into a summary database if variables were compatible. 

Incompatible data were recoded and also added to the summary database. Time to 

pregnancy was calculated as the time between test performance and the occurrence of 

pregnancy or considered censored at the start of assisted reproductive treatment (OI,IUI,IVF 

or ICSI) or at the end of follow-up if no pregnancy occurred. Pregnancies after ovulation 

induction (OI), intra-uterine insertion (IUI), in vitro fertilisation (IVF or ICSI) or tubal surgery 

were excluded.

For all analyses, results of HSG and HyCoSy were analysed as one variable, as well as 

results of THL and laparoscopy, since data on HyCoSy and THL were scarce and these tests 

correspond to a large extent with HSG (Ekerhovd et al., 2004) and laparoscopy (Fujiwara et 

al., 2003), respectively.
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First, we performed a missing value analysis and used multiple imputation to allow 

inclusion of observations with missing patient characteristics or missing results of HSG 

and laparoscopies. We conducted five imputation rounds, in which all available variables, 

including the diagnostic test results, ongoing spontaneous pregnancy and the individual 

study identifier were used as predictors to optimise the imputation (Koopman et al., 2008; 

Broeze et al., 2011; Broeze et al., 2011). 

Second, we estimated the baseline prevalence of tubal pathology, diagnosed on HSG and 

laparoscopy, within the original individual studies before imputation, as well as for the 

complete imputed dataset.

Third, fecundity rate ratios (FRR) and 95% confidence intervals (95 % CI) for the occurrence 

of (spontaneous) pregnancy for the following patient characteristics were estimated by Cox 

regression modelling (Cox et al., 1972): female age, duration of subfertility, body mass index 

(BMI), subfertility type (i.e. primary versus secondary subfertility), previous PID, previous 

Chlamydia infection, previous pelvic surgery or positive Chlamydia antibody test (CAT) result. 

Also, FRRs for the occurrence of (spontaneous) pregnancy after positive HSG or laparoscopy 

were estimated. A FRR expresses the probability of spontaneous pregnancy per time unit 

for women with an abnormal test result, relative to that probability for similar women with 

a normal test result. Before estimating FRRs, the proportional hazards assumption of the 

Cox model was checked by plotting the log minus log function and checking whether the 

curves were parallel. For continuous variables the assumption of a linear association with 

the hazard was checked, and followed by an appropriate transformation if required. In 

multivariable Cox regression, adjusted FRRs for the occurrence of (spontaneous) pregnancy 

after HSG or laparoscopy were estimated, taking into account the patient characteristics 

from clinical history and physical examination.

Fourth, to assess the added value of tubal patency tests in the prediction of spontaneous 

pregnancy, relative to patient characteristics, we built multivariable Cox regression models 

including female age, duration of subfertility, type of subfertility, previous PID, previous 

Chlamydia infection, previous pelvic surgery and a positive CAT test. Variables with a 

p-value below 0.30 in a univariable analysis were considered as candidate predictors in the 

multivariable Cox regression analysis. We used a significance level of 0.20 to keep predictors 

in the model. Four prediction models were created. The first model was based on the patient 

characteristics only, in the second and third model the patient characteristics model was 

extended with findings from HSG or laparoscopy, respectively while in the fourth model 

both tubal patency tests were added to the patient characteristics model. By comparing 

these models, the added value of HSG and/or laparoscopy to patient characteristics in the 

prediction of spontaneous pregnancy was estimated. We calculated the area under receiver 

operating characteristics (ROC) curves based on the estimated probabilities of pregnancy 

from the different models.

Except for the multivariable models, all analyses were performed for HSG and laparoscopy 

separately. All analyses were stratified for study center to account for the heterogeneity in 
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Figure I. Flowchart of included studies
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pregnancy chances across studies. P-values below 0.05 were considered to indicate statistical 

significance in all models.

Finally, to estimate the capacity of HSG and laparoscopy to predict spontaneous pregnancy 

in women with different patient profiles, we performed Cox regression analyses for 

spontaneous pregnancy in which interaction terms between tubal status on HSG or 

laparoscopy and the specific patient characteristic were added to a model containing both 

main effects, using the prognostic factor as a part of the interaction term. The p-value of the 

interaction coefficient indicates a difference in predictive capacity of the test of interest for 
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different profiles of that specific patient characteristic. Data were analysed using SPSS 17.0 

(SPSS Inc., Chicago, Il, USA).

Results

Literature search and data acquisition
We detected 680 potentially relevant titles on Medline, 252 on Embase and 83 in the 

Cochrane library. After reading the abstracts of these studies, 36 studies were deemed 

potentially eligible and hardcopies were requested for full reading. Of these 36 studies, 

10 studies contained no diagnostic data on HSG, HyCoSy, THL or laparoscopy and two 

of them were systematic reviews. Six studies that included falloposcopy, salpingoscopy or 

radionuclide HSG had to be excluded. Five studies reported no pregnancy data and were 

also excluded. For three studies the articles were based on a duplicate dataset. 

Ten studies from nine authors were found to meet our inclusion criteria, and these authors 

were approached to participate in this IPD meta-analyses by sharing their original data. In 

the end, eight authors could be contacted and seven of them were able to provide data, of 

which one author provided data from two studies (Mol et al., 1999; Mol et al., 1997; Van 

Tetering et al., 2007; Lindborg et al., 2009; Marianowski et al., 2007;  Perquin et al., 2006; 

Perquin et al., 2007; van der Steeg et al., 2007). A flow chart of the inclusion of studies is 

shown in figure I. 

Data on 6,326 individual patients from seven prospective cohort studies and one randomized 

controlled trial could be combined in the summary database. In all studies, included patients 

were referred to a fertility clinic after at least one year of unfulfilled child wish. One study 

Figure II. Overview of methodological quality of reporting of included studies, according to the adjusted 
QUADAS checklist

Representative spectrum?  

Uninterpretable results reported?  

Duration follow -up reported?  

Selection criteria clearly described?  

Execution of index test described sufficiently?  

Study methods clearly described?  

Loss to follow -up explained?  

Outcome assessment clearly described?  

Exclusion criteria clearly described?  
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Yes (high quality)  Unclear  No (low quality)  
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Table I. Study characteristics of included studies

Study N Test Outcome 
definition

Study design Inclusion criteria Exclusion criteria

Mol 258 HSG SP and live 
birth

Prospective 
cohort study

Newly referred 
subfertile women 

Abnormal semen 
analysis

Van der Steeg/
Steures

3506 HSG and 
DLS

SP and live 
birth

Prospective 
cohort study

Newly referred 
subfertile women 

None 

Van Tetering 244 THL SP Prospective 
cohort study

Newly referred 
subfertile women 

None 

Collins 1495 HSG and 
DLS

SP Prospective 
cohort study

Newly referred 
subfertile women 

None 

Lindborg 334 HyCoSy SP and live 
birth

Prospective 
cohort study

Newly referred 
subfertile women 

Previous tubal 
testing

Female age > 40

Abnormal semen 
analysis

Marianowksi 42 HSG and 
DLS

SP Prospective 
cohort study

Newly referred 
subfertile women

None

Perquin 2006 159 HSG and 
DLS

SP Randomized 
controlled trial

Newly referred 
subfertile women 

Previous tubal 
testing

Female age > 37

Abnormal semen 
analysis

Perquin 2007 288 HSG and 
DLS

SP Prospective 
cohort study

Newly referred 
subfertile women 

Previous tubal 
testing

Female age > 37

Abnormal semen 
analysis

Total 6,326

SP: spontaneous pregnancy

reported on HyCoSy only, one study on THL only and six studies described both HSG and 

laparoscopy. For all tests, no distinction could be made between proximal and distal tubal 

pathology. 

Quality assessment
The methodological quality of reporting of the studies included in the analyses, as assessed 

with the adjusted QUADAS checklist, is summarized in figure II. In all studies selection criteria 

and study design were described clearly. Also, in all studies except one, loss to follow-up was 

explained and duration of follow-up was reported in all studies. Three of the included studies 

did not describe the exclusion criteria in sufficient detail. 
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The analyses of the consistency between the received data and the published results showed 

only minimal differences in patient characteristics, which were therefore ignored. Study 

characteristics of the included articles are listed in table I.

Statistical analyses
Baseline characteristics of the included women are shown in table IIA. Of the 6,326 women, 

2,763 underwent HSG, 1,456 underwent laparoscopy and 1,843 underwent both tests. At 

HSG, the prevalence of unilateral tubal pathology was 13%, the prevalence of bilateral tubal 

pathology was 11% (table IIB). At laparoscopy, the prevalence of unilateral tubal pathology was 

13% and the prevalence of bilateral tubal pathology at laparoscopy was 13% (table IIB). There 

was only fair agreement between HSG and laparoscopy (kappa 0.34) (Landis and Koch, 1977).

The Cox analyses of the patient characteristics showed that female age, duration and type 

of subfertility were significant predictors for the occurrence of natural conception (table III). 

Higher female age, a longer duration of subfertility and primary subfertility were associated 

with a significant lower probability of natural conception. A history of PID, previous Chlamydia 

infection, previous pelvic surgery and a positive CAT result were no significant predictors of 

natural conception. For women that underwent laparoscopy, higher BMI also showed a 

significant lower probability of natural conception, whereas for women that underwent 

HSG, BMI was no significant predictor of natural conception.

The unadjusted FRR for unilateral tubal pathology at HSG was 0.83 (95% CI 0.67 – 1.05) 

and 0.40 (95% CI 0.28 – 0.57) for bilateral tubal pathology (table IIIA). The adjusted, 

multivariable FRR for HSG, which expresses the effect of HSG on top of the prognostic 

patient characteristics, was 0.74 (95% CI 0.50 – 1.09) for unilateral tubal pathology and 

0.19 (95% CI 0.06 – 0.60) for bilateral tubal pathology.

Table IIB. Test results and pregnancy rates of included studies

Study Tubal pathology on HSG (%) Tubal pathology on DLS (%) Pregnancy*
(%)

Live 
birth 
(%)No TP Unilateral 

TP
Bilateral 

TP
No TP Unilateral 

TP
Bilateral 

TP

Mol 60 20 20 78 11 11 29 na

Van der Steeg/ 
Steures

82 12 6 73 15 12 13 4.9

Van Tetering na na na 92 8.3 na 23 4.7

Collins 69 11 20 60 17 23 18 na

Lindborg 75 19 6 na na na 28 22

Marianowski 
2007

88 0 12 88 2.5 9.5 24 na

Perquin 2006 68 20 12 79 11 10 21 na

Perquin 2007 74 15 11 78 12 10 15 na

Overall 76 13 11 74 13 13 19 6.5

TP = tubal pathology na = not applicable; * after 12 months
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Table IIIB. DLS  

N (%) Univariable (unadjusted) analysis Multivariable (adjusted) analysis

FRR 95% CI P-value FRR 95% CI P-value

No tubal pathology 2070 1 1

Unilateral tubal 
pathology

443 0.84 0.61 – 1.16 0.28 0.77 0.55 – 1.06 < 0.01

Bilateral tubal 
pathology

464 0.47 0.32 – 0.70 < 0.01 0.45 0.30 – 0.67 < 0.01

Age 2969 0.97 0.96 – 0.99 0.05 0.98 0.95– 1.01 0.12

Duration subfertility 2967 0.77 0.70 – 0.84 < 0.01 0.77 0.70 – 0.84 < 0.01

BMI 879 0.96 0.93 – 0.98 < 0.01 0.98 0.97 – 1.00 0.05

Secondary 
subfertility

2905 1.35 1.05 – 1.74 0.02 1.42 1.10 – 1.84 < 0.01

Hx PID 2740 1.31 0.69 – 2.51 0.40 1.52 0.78 – 2.95 0.21

Hx Chlamydia 2739 0.89 0.57 – 1.40 0.61 0.97 0.60 – 1.57 0.89

Hx pelvic surgery 2742 1.13 0.44 – 2.90 0.80 1.08 0.43 – 2.67 0.87

CAT positive 2719 0.78 0.58 – 1.06 0.12 0.82 0.60 – 1.12 0.21

Table III. Results of uni- and multivariable Cox regression analysis 
Table IIIA. HSG 

N (%) Univariable (unadjusted) analysis Multivariable (adjusted) analysis

FRR 95% CI P-value FRR 95% CI P-value

No tubal pathology 3292 1 1

Unilateral tubal 
pathology

558 0.83 0.67 – 1.05 0.13 0.74 0.50 – 1.09 0.12

Bilateral tubal 
pathology

444 0.40 0.28 – 0.57 < 0.01 0.19 0.06 – 0.60 < 0.01

Age 4302 0.96 0.94 – 0.98 < 0.01 0.96 0.92 – 0.99 < 0.01

Duration subfertility 4297 0.73 0.67 – 0.78 < 0.01 0.79 0.67 – 0.92 < 0.01

BMI 1666 1.00 0.99 – 1.01 0.89 1.00 0.98 – 1.03 0.86

Secondary 
subfertility

4229 1.34 1.25 – 1.43 < 0.01 1.52 1.17 – 1.99 < 0.01

Hx PID 4011 1.07 0.66 – 1.74 0.77 1.64 0.87 – 3.11 0.13

Hx Chlamydia 4008 0.79 0.56 – 1.12 0.19 0.58 0.28 – 1.21 0.14

Hx pelvic surgery 4019 1.25 0.67 – 2.33 0.48 1.62 0.67 – 3.98 0.30

CAT positive 3946 0.84 0.61 – 1.14 0.24 0.92 0.58 – 1.46 0.72

The unadjusted FRR for unilateral tubal pathology at laparoscopy was 0.84 (95% CI 0.61 – 

1.16), and 0.47 (95% CI 0.32 – 0.70) for bilateral tubal pathology (table IIIB). The adjusted, 

multivariable FRR for laparoscopy, in which the effect of laparoscopy was corrected for 
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patient characteristics, was 0.77 (95% CI 0.55 – 1.06) for unilateral tubal pathology and 

0.45 (95% CI 0.30– 0.67) for bilateral tubal pathology.

To assess the added value of tubal patency tests in the prediction of spontaneous pregnancy, 

relative to patient characteristics, we built four multivariable Cox regression models. The 

multivariable model based on patient characteristics, female age, duration of subfertility, 

BMI, type of subfertility, previous Chlamydia infection and a positive CAT result had an area 

under the ROC curve of 0.61 (95% CI 0.60 - 0.63). Adding HSG and/or laparoscopy results 

to the patient characteristics model increased the predictive capacity of this model (AUCs 

of 0.63 (95% CI 0.62 – 0.65), 0.62 (95% CI 0.60 – 0.63) and 0.63 (95% CI 0.62 - 0.65) for 

adding HSG, laparoscopy and both HSG and laparoscopy, respectively).

In a final step we evaluated whether the prognostic effect of tubal pathology at HSG or 

laparoscopy varied for women with different profiles. For both unilateral and for bilateral 

tubal pathology at HSG we observed significant interactions with female age (p = 0.03), 

previous PID (p = 0.05), previous Chlamydia infection (p = 0.02) and a positive CAT result (p 

< 0.01). For female age and duration of subfertility the changes the FRRs of HSG for women 

with different profiles are shown in figure IIIA. 

Figure IIIB shows the changes in the FRRs of laparoscopy for women with different profiles. 

The addition of interaction terms to the Cox regression for pregnancy after laparoscopy 

showed significant interactions for female age (p = 0.02), BMI (p = 0.01), previous Chlamydia 

infection (p < 0.01) and positive CAT results (p = 0.03). 

For women with unilateral tubal pathology at HSG or laparoscopy, increasing age leads 

to lower rates of natural conception. For women with bilateral tubal pathology natural 

conception rates were low for all ages. Longer duration of subfertility lead to lower rates of 

natural conception for women with both unilateral or bilateral tubal pathology at HSG or 

laparoscopy.
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Figure III. Prediction of pregnancy at different profiles
Figure IIIA. Prediction of pregnancy after HSG. 

FRR of HSG for women with different female age.

FRR of HSG for women with different duration of subfertility.
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Figure IIIB. Prediction of pregnancy after DLS 

FRR of laparoscopy for women with different female age.

FRR of laparoscopy for women with different duration of subfertility.
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Discussion

To provide optimal management for couples with fertility problems, it is essential to know 

the chances of natural conception, since the natural conception rate guides decisions about 

assisted reproductive therapy. So far, the added value of tubal patency tests to information 

from clinical history and physical examination in the prediction of natural conception was 

relatively unknown. Also, the predictive value of these tests has never been investigated for 

its consistency between women with different profiles.

The current prognostic IPD meta-analysis shows that the integration of the results of HSG 

with the available patient characteristics shows the best prediction of natural conception. 

Addition of laparoscopy does not further improve the predictive value of the model. The 

capacity of HSG and laparoscopy to predict natural conception is influenced by female age, 

BMI, previous PID, previous Chlamydia infection and a positive CAT. In women with unilateral 

tubal pathology at HSG or laparoscopy, increasing age lowers their natural conception rate, 

while in women with bilateral tubal pathology, increasing female age is a less important 

factor in predicting natural conception. Longer duration of subfertility leads to lower rates 

of natural conception for all women.

The data of the current study open up the possibility to combine data from clinical history 

and physical examination with tubal patency test results to estimate the best prediction of 

natural conception after the diagnostic work-up in subfertile couples. This assessment reflects 

daily practice in which the diagnostic work-up is a consecutive process. The use of data from 

multiple studies performed in different countries allows a general applicable estimation of 

natural conception rates after tubal patency tests. Also, for continuous variables such as 

female age and duration of subfertility, the complete range of values could be used in the 

analyses, showing the chances of natural conception for every possible age and duration of 

subfertility. 

A limitation of IPD meta-analyses is their dependency of the availability of original data. As 

shown in the flowchart, not all authors that were approached were able to provide their 

data for this meta-analysis and therefore the prognostic models created in this study could 

only be based on the studies made available. Although the final summary database reflects 

daily practice, where not all centers perform the same diagnostic tests or note the same 

patient information in their charts, the lack of more data might hamper the analyses. From a 

previous study, for example, it is known that endometriosis and previous ectopic pregnancy 

are strong risk indicators for tubal pathology (Coppus et al., 2007). Unfortunately, most 

databases did not contain data on endometriosis or ectopic pregnancy, thus limiting the 

possibility to assess these issues in our analyses. 

To be able to use as much data as possible, a multiple imputation approach was chosen 

for variables with less than 50% missing values, which improves the model analyses. In this 

way missing patient characteristics and missing test results were imputed, since omitting 

a predictor (i.e. patient characteristic) with missing values from a multivariable analysis 
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decreases its ability and imputation is better than a complete case analysis (Janssen et al., 

2010; Moons et al., 2006). Also, due to a lack of long term follow-up data, we decided to 

analyse pregnancy rates up to 12 months after the performance of HSG or laparoscopy. 

Less data were available for follow-up longer than one year and therefore, analyses would 

otherwise be hampered by small amounts of patients left at later time points. We also 

described the issue of missing data in IPD meta-analyses in our previous diagnostic meta-

analyses (Broeze et al., 2011; Broeze et al., 2011; Broeze et al., 2012). Hopefully, better 

models may be developed in the future, once more variables could be provided by authors 

of the original studies. We therefore stress the importance of better data sharing policies as 

well as advancing data storage facilities. 

From a clinical perspective, the definition of tubal pathology influences the conception rate 

as predicted based on the tubal patency tests. Our definition of tubal pathology included 

occlusion of the fallopian tubes, with or without hydrosalpinges and peritubal adhesions. We 

did not discriminate between proximal and distal tubal occlusion, since clinical management 

and pregnancy chances are similar in both types of occlusion (Farhi et al., 2007).  Also, it is 

important to realize that several Chlamydia antibody tests exists, of which ELISA, MIF and IF 

were performed in the studies included in this meta-analysis. These tests all have different 

accuracies, indicating that different CAT tests might have different abilities to predict tubal 

pathology. Tests that are specific for Chlamydia trachomatis show other accuracies than 

tests that show cross-reactivity with Chlamydia pneumoniae, leading to higher false positive 

rates (Land et al., 2003). Most women in this study underwent ELISA manufactured by 

Medac, which has the least cross-reactivity with Chlamydia pneumoniae. In a previous study 

it was shown that subfertile women with a positive CAT and without tubal pathology at 

HSG or laparoscopy have a 33% lower probability of spontaneous pregnancy as compared 

to women with a negative CAT (Coppus et al., 2011). In the present meta-analysis CAT 

alone was not a significant predictor of natural conception, but a positive CAT influenced the 

predictive value of both HSG and laparoscopy, resulting in lower natural conception rates. 

Since unilateral tubal pathology does not seem to predict natural conception rates, tubal 

patency tests should be performed to detect women with bilateral tubal pathology, so 

that they can be treated with IVF to increase their pregnancy chances. Furthermore, the 

prediction of natural conception by tubal patency tests in this meta-analysis was similar for 

HSG and laparoscopy and no additional predictive value was seen when laparoscopy was 

performed after HSG. This corresponds to the results of Lavy et al, where in 95% of patients, 

laparoscopic findings did not change the HSG-based treatment plan (Lavy et al., 2004). 

Obviously, laparoscopy could still have additional value in women with endometriosis or in 

women with inconclusive results at HSG. 

In conclusion, the present IPD meta-analysis shows that natural conception can be predicted 

from patient characteristics such as female age, duration and type of subfertility, BMI, 

previous Chlamydia infection and a positive CAT result. Addition of HSG to these patient 

characteristics slightly increased the predictive capacity, whereas laparoscopy had no added 
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value to HSG in these women. Increasing age leads to lower rates of natural conception for 

women with unilateral tubal pathology, whereas for women with bilateral tubal pathology, 

natural conception rates were low for all ages. Longer duration of subfertility also leads to 

lower rates of natural conception for women with unilateral or bilateral tubal pathology.

Since no added value of laparoscopy was found once HSG was performed after notification 

of patient characteristics, we conclude that patient characteristics combined with HSG 

results has the best predictive capacity for natural conception.
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Tubal pathology counts for 30% of female subfertility (Evers, 2002). In the fertility work-up, 

clinical history, physical examination and several tubal patency tests are used to diagnose 

tubal pathology and to provide optimal management strategies for couples suffering from 

subfertility. 

Since the late 1980’s many diagnostic studies have been performed to assess the diagnostic 

accuracy of tubal patency tests, such as Chlamydia antibody testing, hysterosalpingography 

and diagnostic laparoscopy, of which the latter is regarded as the reference test, the gold 

standard to diagnose tubal pathology (Anestad et al. 1987, Ismajovich et al. 1986, La Sala 

et al. 1987, Fayez et al. 1988). Despite all available evidence published in the 30 years after 

these first diagnostic accuracy studies and more recent guidelines (NICE 2004, NVOG 2004, 

ASRM 2006), there is still no consensus on the best diagnostic strategy to diagnose tubal 

pathology. It is unknown which test should be initially used and whether the tests do have 

additional value over clinical history and physical examination. A major reason for the lack of 

good research on tubal patency testing is the difficulty of integrating patient characteristics 

with the results from CAT, HSG and laparoscopy - in several possible sequences- since the 

diagnostic performance of the tubal patency tests are assessed in isolation of these patient 

characteristics. 

This creates important clinical uncertainty because the accuracy of a test can be different 

for patients with a different profile – e.g. its discriminative ability may be better or worse in 

women with a particular characteristic and because the target condition may be related to 

particular risk factors, i.e. the prevalence varies across women with different characteristics. 

In this thesis we used a relatively new approach, called individual patient data meta-analysis, 

to integrate information from clinical history, physical examination and tubal patency tests 

to diagnose tubal pathology and, finally, to predict natural conception in subfertile women. 

Individual patient data (IPD) meta-analysis in reproductive medicine
In medical research, systematic reviews and meta-analyses are known to provide the highest 

level of scientific evidence (Sackett et al. 2007). In reproductive medicine, many systematic 

reviews and meta-analyses are performed, mainly to estimate pooled treatment effects of 

assisted reproductive therapy. In diagnostic research, systematic reviews and meta-analyses 

are less often performed, due to typical difficulties in this type of research. For example, 

diagnostic studies are rarely randomised, they show a poor quality of reporting and the 

most common measurement of diagnostic accuracy is a combination of sensitivity and 

specificity, which is influenced by many external factors such as disease prevalence and 

patient characteristics; all factors that lead to major difficulties in pooling aggregated data 

in a meta-analysis (Rutjes et al. 2006, Leeflang et al. 2008, Mallett et al. 2006).  Clinically, 

and even more important, a diagnostic strategy containing both patient characteristics and 

several diagnostic tests in different inter-dependent sequences, hampers the performance of 

a meta-analysis at the study level. Therefore, it was suggested to use data of the individual 

proefschrift.indb   151 6-5-2013   09:33:54



Chapter 8

152

patients, available from studies included in the systematic reviews (Khan et al. 2003, Stewart 

et al. 1993). 

Before the start of this thesis, such individual patient data meta-analyses were only performed 

at the therapy domain in oncology and cardiovascular research.  In reproductive medicine, 

IPD meta-analyses were rarely used, in contrast to ‘conventional’ meta-analyses. Therefore, 

we first discussed the advantages and disadvantages of both approaches and described the 

opportunities of IPD meta-analyses for research purposes in reproductive medicine (chapter 2). 

The anticipated benefits of IPD meta-analyses seemed to be manifold. Using data of individual 

patients allows analysis of continuous test results, of follow-up data (i.e. live birth or 

ongoing pregnancy in stead of chemical pregnancy), and of differently defined outcome 

measurements (i.e. unilateral versus bilateral tubal pathology or pregnancy per treatment 

cycle versus pregnancy per woman). Also, information of the patient characteristics and 

several combinations and sequences of tests can be integrated in the analyses. Direct 

contact with the original authors might improve detection of unpublished or ingoing studies 

and poor quality of reporting can be clarified and missing information supplied. 

On the other hand, the most important challenges of IPD meta-analyses are the required time 

investment and the problem of missing data at both the study level as well as at the patient 

level, due to untraceable authors, lost data and missing variables between databases. 

For the four performed IPD meta-analyses in this thesis the amount of untraceable authors 

varied from 10 to 45%. On average, 34% of the approached authors did not respond to 

repeated emails and phone calls. Of the authors that did respond to our approach 49% 

had lost their original data. The amount of available data for the variables in the acquired 

databases showed a major variability between variables and between studies. Only female 

age was known for all included patients and for only one study, data on the included variables 

were available for all patients. All other databases had missing data at the patient level, leaving 

a patchwork dataset for the IPD meta-analyses.  To overcome this missing data problem, 

multiple imputation was used to impute missing data. By imputing laparoscopy results the 

risk of verification bias was decreased and analysis of a greater amount of data was allowed, 

leading to a more reliable result (van der Heijden et al. 2006, de Groot et al. 2008). 

Direct contact with the participating authors had several advantages. The authors were 

easy to approach for questions on their study protocols or clarifications on their data. Some 

authors also provided non-published follow-up data, increasing the total amount of available 

data, and annual meetings often resulted in improved analyses and manuscripts. 

A detailed study protocol was described in which we outlined the main methodological 

objectives of using IPD meta-analysis, such as the development of a framework to perform 

IPD meta-analyses, the exploration of missing data and the comparison with ‘conventional’ 

meta-analyses (chapter 3). The general methods of IPD meta-analyses that were performed 

in this thesis were also outlined in this chapter; from the selection of studies and acquisition 

of original data, the assessment of methodological quality, to the description of the statistical 

analyses. Four clinical topics were described, for which diagnostic algorithms and prediction 
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rules could be provided by using IPD meta-analyses; the diagnosis of endometrial cancer in 

women with postmenopausal bleeding, prediction of preterm birth, ovarian response tests 

in women for IVF and, as presented in this thesis, the diagnosis of tubal pathology. 

Diagnosing tubal pathology
The Chlamydia antibody test, hysterosalpingography and diagnostic laparoscopy are the most 

often used diagnostic tests to indicate tubal pathology. Although less invasive alternatives 

for HSG and laparoscopy, are available, like hysterosalpingo-contrast-sonography (Schlief 

and Deichert, 1991) or transvaginal hydrolaparoscopy (Gordts et al., 1998), 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 besides CAT to finalize the 

fertility work-up.

In most clinics the Chlamydia antibody test is used as the first test or screening test in the 

diagnostic pathway for tubal pathology (Punnonen et al. 1979, Den Hartog et al. 2008). In 

a previous meta-analysis it was shown that the diagnostic accuracy of CAT covers a wide 

range of sensitivities (21% - 90%) and specificities (29% - 100%). Since this ‘conventional’ 

meta-analysis was limited by the published 2x2 tables of the original studies, we performed 

an IPD meta-analysis in which we acquired continuous CAT results from 14 primary studies, 

containing data from 6,191 women (chapter 4).  In this way, the accuracy of three types of 

CAT assays could be evaluated for any as well as for bilateral tubal pathology. 

We defined any tubal pathology as the occlusion of one or both fallopian tubes, with or 

without hydrosalpinges or peritubal adhesions, since most original studies described the 

tubal status in this way. Because it is known that only bilateral tubal pathology significantly 

decreases the chance of natural conception as well as the chance of conception after intra-

uterine insemination (IUI), we also performed the analyses for bilateral tubal pathology (Mol 

et al. 1999, Steures et al. 2004, Verhoeve et al. 2011). 

For all three assays, low sensitivities combined with high specificities were found; implicating 

that CAT is able to avoid unnecessary, invasive testing, in women without tubal pathology, 

but that women with tubal pathology might remain undiagnosed. Furthermore, it was shown 

that the diagnostic accuracy of the micro-immunofluorescence (MIF) test was significantly 

superior to that of the immunofluorescence (IF) test and the Chlamydia trachomatis specific 

enzyme-linked immunosorbent assay (ELISA), with an AUC of 0.75 for any tubal pathology 

and an AUC of 0.77 for bilateral tubal pathology. This result is in line with the study of Land 

et al. in which a direct comparison of MIF and ELISA showed an odds ratio twice as high 

for MIF (Land et al. 2003). Therefore we concluded that, when CAT is used in the initial 

screening for tubal pathology, MIF should be the test of first choice (chapter 4). 

Whether CAT has additional value for the diagnosis of tubal pathology, after the performance 

of HSG or laparoscopy, has been debated. A recent study showed that women without 

visible tubal pathology on HSG or laparoscopy, but with a positive CAT had a 33% lower 

probability of natural conception, as compared to CAT negative women (Coppus et al. 2011). 
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This might imply a useful prognostic factor for pregnancy chances in women suffering from 

subfertility. 

In most clinics, hysterosalpingography is often used to visualize tubal patency after the 

performance of CAT. In a previous meta-analysis, the diagnostic accuracy of HSG showed 

a sensitivity of 65% with a specificity of 83%. However, these single figures imply that the 

accuracy of HSG is invariant across women. Differences in accuracy across subgroups are 

generally not taken into account in conventional meta-analysis, where a pooled estimate is 

obtained for overall sensitivity and specificity, but also in the original studies, the capacity of 

HSG to diagnose tubal pathology was assessed in isolation of patient characteristics, such 

as female age or previous PID. This does not resemble clinical practice, where clinical history 

taking, physical examination, and the performance of CAT, precede hysterosalpingography 

and this information is integrated by the physician in a clinical diagnosis.  In a second IPD 

meta-analysis in which we combined data from patient characteristics with HSG results, we 

found that hysterosalpingography had a lower sensitivity in women with a previous PID or a 

positive CAT (chapter 5). The diagnostic accuracy of HSG did not vary across women for any 

of the other patient characteristics that could be included in the meta-analysis. 

To develop an improved diagnostic strategy by incorporating risk factors for tubal pathology, in 

our third IPD meta-analysis we combined the results from clinical history, physical examination, 

CAT, HSG and laparoscopy (chapter 6). From a previous meta-analysis, it was known that 

previous PID, ectopic pregnancy, endometriosis, complicated appendicitis and pelvic surgery 

are strong risk factors for tubal pathology (Luttjeboer et al. 2009). Another study based on 

the data from a multicentre cohort study, found that referral by a gynaecologist, female 

age above 32 years, dysmenorrhoea and smoking of the woman, 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 increased the likelihood of bilateral 

tubal pathology. In contrast, a previous pregnancy in the current relationship and a higher 

male age lowered the chances of bilateral tubal pathology (Coppus et al. 2007). For our IPD 

meta-analysis data of this multicentre study were used, combined with data of den Hartog 

et al, Land et al, van der Linden et al and Ng et al. Unfortunately, due to the unavailability of 

some of the above variables in the additional four studies we were only able to use data on 

female age, duration of subfertility, previous pregnancies, BMI, previous PID, pelvic surgery, 

and previous Chlamydia infection. We found duration of subfertility, previous pregnancies, 

previous PID, pelvic surgery and previous Chlamydia infection to be significant predictors in 

the patient characteristics model, which is comparable to the results of the above-mentioned 

study (Coppus et al. 2007). Also, the predictive performance of the model for bilateral tubal 

pathology was comparable to the previous study (AUC 0.63). Furthermore, our IPD meta-

analysis showed that addition of both CAT and HSG significantly increased the predictive 

performance of the model (AUC 0.76) when diagnosing tubal pathology.
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Predicting natural conception
In the end, the ultimate goal of the subfertility work-up is to assess the chances of natural 

conception. These chances influence future treatment strategy, since couples with a 

probability of natural conception of more than 30% can be offered expectant management 

(Steures et al. 2006). Therefore, it would be of great advantage when natural conception can 

be predicted by the tubal patency tests performed in the diagnostic pathway for subfertile 

couples. From previous literature, it was known that both hysterosalpingography, as well as 

diagnostic laparoscopy, both show a slight reduction in pregnancy chances when unilateral 

tubal pathology was shown. In women with bilateral tubal pathology a significant decrease 

in pregnancy chances was seen after both tests. 

We performed a fourth IPD meta-analysis to evaluate whether natural conception can be 

predicted from both patient characteristics, as well as from CAT, HSG and laparoscopy 

(chapter 7). Using data from 6,326 women, we found that increasing female age and a longer 

duration of subfertility lead to a significant lower probability of natural conception, whereas 

secondary subfertility showed a significantly higher probability of natural conception, results 

comparable to the model of Hunault (Hunault et al. 2004). BMI, history of PID, previous 

Chlamydia infection, previous pelvic surgery and a positive CAT result were no significant 

predictors of natural conception. According to previous studies, we also found that for both 

tests, unilateral tubal pathology showed a slight reduction in natural conception (FRR 0.83-

0.84), whereas bilateral tubal pathology showed a major decrease in natural conception 

rates (FRR 0.41-0.47). These rates were even lower when patient characteristics were taken 

into account, especially when bilateral tubal pathology was seen on HSG (FRR 0.19). 

Previous studies that did not take patient characteristics into account found similar predictive 

capacities for HSG and laparoscopy (Mol et al. 1999, Verhoeve et al. 2011). We found 

that when information from clinical history and physical examination was integrated in the 

prediction of natural conception, laparoscopy does not have added value for women with 

bilateral tubal pathology on HSG. This corresponds to the results of another study, where 

in 95% of patients, laparoscopic findings did not change the HSG-based treatment plan 

(Lavy et al. 2004). The possible therapeutic effect of HSG in enhancing natural conception 

is currently studied in a RCT, comparing the use of oil-based contrast medium versus water-

based contrast medium (H2Oil study NTR3270). Obviously, laparoscopy could still have 

additional value in women with endometriosis or in women with inconclusive results at HSG. 

Previously, a randomised controlled trial was performed to assess the value of the routine 

use of HSG before laparoscopy was done (Perquin et al. 2006). In this study women were 

randomised between routine HSG followed by laparoscopy or immediate laparoscopy. 

Women without tubal pathology on HSG were managed expectantly for 6 months. When 

no pregnancy occurred after this time period, they underwent a laparoscopy. Women with 

tubal pathology on HSG underwent laparoscopy within 1 to 2 months. At 18 months of 

follow-up, no differences in pregnancy rates between both strategies were seen. It was 

concluded that HSG has no role in the fertility work-up. However, Coppus et al showed from 
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the same data that a strategy starting with HSG results in a 30% reduction in the number of 

laparoscopies (Coppus et al. 2006). Also, in a recent cost-effectiveness study it was shown 

that performing hysterosalpingography as the first tubal patency test, only followed by 

laparoscopy when tubal pathology was seen, was more cost effective than immediately 

performing laparoscopy (Verhoeve et al. 2013). Interestingly, the data of the RCT of Perquin 

et al were taken into account in the present IPD meta-analysis, showing a high predictive 

value of HSG after patient characteristics were noticed. 

Conclusion and clinical implications 
From the present thesis we can conclude that IPD meta-analysis offers substantial advantages 

for diagnostic and prognostic research in reproductive medicine. Better data sharing policies, 

advanced data storage facilities and standardized data collection with pre-defined variables 

in original studies are needed since they will increase the amount of available data, thereby 

allowing the analysis of multivariable models, without missing data problems. 

Clinically, the integration of patient characteristics from clinical history and physical 

examination with the results of tubal patency tests could improve both the diagnosis of tubal 

pathology as well as the prediction of natural conception in women suffering from subfertility. 

Further validation of the model and prospective evaluation of its benefits when used in the 

clinical setting are required before its implementation in practice. The Chlamydia antibody 

test might have a role in the diagnosis of bilateral tubal pathology before the performance 

of the HSG, but the use of MIF is then strongly recommended. There was no evidence that 

CAT is also useful in the prediction of natural conception. Hysterosalpingography should be 

performed before laparoscopy since it is proven to be a useful tubal patency screening test, 

with a better predictive capacity compared to laparoscopy. Laparoscopy can be withheld for 

women with inconclusive results on HSG or for women suspected for endometriosis.
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Implications for future research

Future IPD meta-analyses will enhance their level of scientific evidence when it would be 

possible to include all available data from original, prospective, studies. Therefore, the original 

studies should collect their data in a standardized way following pre-defined protocols and 

definitions. For all included patients, all potentially relevant information from clinical history 

and physical examination should be documented and reported alongside the diagnostic 

accuracy findings. Also, when evaluating multiple tests, all tests should be performed in all 

patients, at least in an arbitrary subset of patients, to avoid or allow adjustment for partial 

verification bias. In ideal circumstances, after study completion data of the original studies 

should be centrally archived and made accessible for inclusion in future ‘conventional’ or 

IPD meta-analyses. Widespread implementation of data sharing policies in combination 

with central data archival facilities could enhance the acquisition of complete data, as IPD-

researchers will become less dependent on whether individual authors are willing to share 

their data, or whether authors can still be traced years after the original publication.

As the guidelines prescribe, the diagnostic strategy should start with clinical history taking 

and physical examination. Tubal patency tests should have added value in the selection of 

women with a high probability of bilateral tubal pathology, since these women will benefit 

from an early start of assisted reproductive therapy. After more than 30 years of research, 

it is still debated which tests should be performed to indicate that specific women. The 

ultimate approach to solve this question would be a large multicentre randomised trial, in 

which different screening strategies including patient characteristics are compared. These 

strategies should be evaluated for their effectiveness as well as their cost-effectiveness, 

considering the worldwide need to keep health care expenditures within sustainable limits 

and the threatening of financial cuts for assisted reproductive therapy.
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Summary

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, which includes tubal occlusion and pelvic adhesions due to previous 

infection, endometriosis or previous surgery. To assess the tubal condition, 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 tests used, and the basis on which women are selected for tubal patency 

testing. While some guidelines advocate medical history taking to triage women for tubal 

testing, others advocate Chlamydia antibody testing, or testing in all women. Up to date, 

diagnostic test research on which these guidelines are based on, had been conducted in 

isolation from its clinical context and conventional meta-analyses, which are assumed to 

supply a maximum amount of data and provide the highest level of evidence are hampered 

by this examination of test accuracy isolated from medical history and clinical examination. 

In this thesis we first introduced the approach of individual patient data meta-analysis 

in diagnostic and prognostic research in reproductive medicine. We started with the 

methodological issues of conventional meta-analyses and meta-analyses based on individual 

patient data. Hereafter, we performed IPD meta-analyses to reassess the accuracy of the 

Chlamydia antibody test (CAT) by using its continuous test results and to investigate the 

influence of patient characteristics on the diagnostic accuracy of hysterosalpingography 

(HSG). Next, we estimated the best strategy to diagnose tubal pathology, using information 

from medical history, clinical examination and tubal patency test results. Finally, in a fourth 

IPD meta-analysis, we investigated the predictive capacity of patient characteristics, HSG and 

diagnostic laparoscopy to predict natural conception. 

Chapter 1
This chapter gives an outline and description of the objectives of this thesis.

Chapter 2
This chapter presents an opinion article that describes the advantages and disadvantages of 

conventional systematic reviews and meta-analyses in reproductive medicine. It also addresses 

the opportunities of systematic reviews and meta-analyses using individual patient data, 

based on three clinical examples of current studies. Systematic reviews and accompanying 
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meta-analyses are assumed to be the cornerstones of evidence based medicine. They 

summarize clinical evidence and provide summary estimates of treatment effect or diagnostic 

test accuracy. However, as they can only summarize aggregated data, they suffer from a 

number of drawbacks. Besides the possibility of publication bias and poor reporting in the 

original studies, more methodological problems exists, such as different end points of follow-

up in the included studies than those of primary interest or the impossibility to distinguish 

between patients with different clinical profiles. Therefore, the clinical value of conventional 

meta-analyses is limited. Systematic reviews and meta-analyses using individual patient data 

offer a promising, but challenging approach, by which treatment effects and diagnostic 

accuracy can be estimated at the level of relevant patient subgroups. Also, direct contact 

and collaboration with the original authors improves data collection, prevents publication 

bias and combats poor reporting. Three clinical examples were described to illustrate the 

possible advantages of IPD meta-analysis. The first example is an  IPD meta-analysis on the 

effectiveness of single versus double embryo transfer (SET resp. DET) in IVF treatment. In this 

meta-analysis summary odds ratios for live birth rate and multiple birth rate were estimated, 

adjusted for both patient characteristics as well as for laboratory characteristics that may 

influence the effectiveness of therapy. This type of data may lead to a valid identification of 

patient subgroups that will benefit from SET or will be harmed by DET. The second example 

describes an IPD meta-analysis on the diagnosis of tubal pathology that is described in detail 

in chapters 4 to 7 of this thesis. Using this individual patient data allowed for studying 

several sequences of tests, for integration of different definitions of tubal pathology and 

patient characteristics based on both clinical history and physical examination, as well as for 

the use of different CAT assays and continuous test results. In the third and last example, 

the aim of the IPD meta-analyis was to prove or disprove that addition of patient specific 

information, like female age, would improve the predictive value of ovarian reserve tests in 

predicting response to ovarian stimulation and pregnancy outcome. This might enable the 

creation of a predictive tool that identifies subgroups of women with specific pregnancy 

chances, based on their clinical profile. 

Chapter 3
This chapter describes a protocol in which the general methodology of IPD meta-analysis is 

described and a framework for future IPD meta-analyses is provided. Four clinical problems 

in the field of obstetrics, gynaecology and reproductive medicine are used to illustrate this 

new analysis approach. 1. Diagnosis of endometrial cancer in women with postmenopausal 

bleeding (PMB). 2. Prediction of preterm birth. 3. Diagnosis of tubal pathology in subfertile 

women. 4. Assessment of ovarian response in women undergoing in vitro fertilisation (IVF). 

Previously, systematic reviews of each of the four clinical topics had been performed and 

relevant primary research was identified. For the performance of an IPD meta-analysis, the 

first step is to approach the first authors of the included studies and ask them to share 

their original, complete datasets, provided with a clear legend. These acquired datasets are 
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assessed for validity and completeness and the study quality is reported according to the 

STARD statement.  If the variables are compatible the original data is merged and a study 

identification variable is added to reflect the stratified nature of the pooled dataset. Based 

on this dataset, series of analyses can be performed, including a systematic comparison 

of the results of the IPD meta-analysis with those of a conventional meta-analysis and the 

development of multivariable models both for clinical history and examination alone, as well 

as for various combinations and sequences of relevant patient characteristics with additional 

test results. The clinical “end products” of these IPD meta-analyses will be prediction rules 

for each of the four clinical problems: women with PMB, women at risk for preterm birth, 

women suspected of having tubal pathology, and women starting with IVF. The results can 

be made available through simple scoring charts as well as logistic regression models. The 

latter will become accessible through web applications at which doctors can enter relevant 

data of the individual patient, to offer the best diagnostic strategy and management for 

the individual patient. The described clinical topic on the diagnosis of tubal pathology in 

subfertile women is elaborated in this thesis.

Chapter 4
The Chlamydia antibody test (CAT) shows considerable variations in reported estimates of 

test accuracy in diagnosing tubal pathology, partly because of the use of different assays 

and cut-off values. The aim of this study was to reassess the accuracy of CAT for three 

different assays, using the continuous test results of individual patients. After a systematic 

literature search, authors of primary studies that used micro immunofluorescence tests 

(MIF), immunofluorescence tests (IF) or enzyme-linked immunosorbent assay tests (ELISA) 

in the diagnosis of tubal pathology, were approached to share their original data. From 14 

primary studies, data of 6,191 women were obtained, containing continuous CAT results of 

3,453 women that were suitable for the analysis. After multiple imputation was performed 

to correct for missing laparoscopies and reducing verification bias, the overall accuracy of 

the three different essays was estimated. ROC curves were generated by ROC-analysis based 

on the predicted probabilities from a random effects logistic regression model to adjust for 

the heterogeneity across studies. For ELISA, IF and MIF the areas under the ROC curves 

were 0.64, 0.65 and 0.75, respectively (P value < 0.001) for any tubal pathology and 0.66, 

0.66 and 0.77, respectively (P value = 0.01) for bilateral tubal pathology. The accuracy of 

MIF showed a moderate ability to discriminate between women with and without tubal 

pathology, whereas ELISA and IF only showed poor discriminative ability, indicating that the 

micro immunofluorescence test (MIF) is superior in the assessment of tubal pathology and 

should therefore be the test of first choice in the initial screen for tubal pathology.

Chapter 5
The sensitivity and specificity of hysterosalpingography (HSG) has been estimated 

by conventional meta-analysis to be 65% and 83%. However, the impact of patient 
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characteristics on this accuracy of HSG is still unknown. The aim of this study was to assess 

whether the accuracy of HSG is associated with patient characteristics. Authors of primary 

studies reporting on the accuracy of HSG using findings at laparoscopy as the reference 

were approached and the obtained individual patient data were used in an IPD meta-

analysis. Data of seven primary studies were obtained, containing data of 4,521 women. 

The pooled sensitivity and specificity of HSG were 53% and 87% for any tubal pathology 

and 46% and 95% for bilateral tubal pathology. The possible association between patient 

characteristics such as female age, duration of subfertility and a clinical history without risk 

factors for tubal pathology and the accuracy of HSG was assessed using a random intercept 

logistic regression model. This model showed that the sensitivity of HSG was not associated 

with patient characteristics, except for women without risk factors for tubal pathology, 

consisting of no previous PID and a negative CAT result. In these women the sensitivity of 

HSG was 38% for any tubal pathology, compared to 61% in women with risk factors (P = 

0.005). For bilateral tubal pathology, these rates were 13% versus 47% (P = 0.01), which 

might probably due to laparoscopic artefacts. The specificity of HSG was relatively high and 

very stable across all subgroups. It could be concluded that HSG performs equally in women 

with different profiles. 

Chapter 6
Tubal patency tests are routinely performed in the diagnostic work-up of subfertile patients, 

but it is unknown whether these diagnostic tests add value beyond the information obtained 

by medical history taking and findings at physical examination. In this study an individual 

patient data meta-analysis was performed to assess this question.  After a systematic 

literature search, authors of primary studies for datasets containing information on patient 

characteristics and results from tubal patency tests, such as Chlamydia Antibody Test 

(CAT), hysterosalpingography (HSG) and laparoscopy were approached to share their data. 

From four studies reporting on 4,883 women, data could be obtained. Logistic regression 

modelling was performed to create models that predict tubal pathology from medical 

history and physical examination alone, as well as models in which the results of tubal 

patency tests are integrated in the patient characteristics model. From the available patient 

characteristics, duration of subfertility, previous pregnancies, previous pelvic inflammatory 

disease (PID), pelvic surgery and a history of Chlamydia infection were qualified for the 

patient characteristics model. This model showed an AUC of 0.63 (95% CI 0.61 to 0.65). 

For any tubal pathology, addition of HSG significantly improved the predictive performance 

to an AUC of 0.74 (95% CI 0.73 to 0.76) (p < 0.001). For bilateral tubal pathology, addition 

of both CAT and HSG to patient characteristics increased the predictive performance to an 

AUC of 0.76 (95% CI 0.74 to 0.79) and is therefore the best diagnostic strategy to diagnose 

bilateral tubal pathology. 
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Chapter 7
To provide optimal management for subfertile couples, it is essential to calculate the chances 

of natural conception. Previous studies on the predictive capacity of HSG and laparoscopy 

estimated this capacity without taking into account patient characteristics, thereby ignoring 

possible relations between patient profile and tubal status. The aim of this study was to 

assess the predictive capacity of tubal patency tests for natural conception in women with 

different profiles and to investigate the added value of these tests over patient characteristics 

obtained from clinical history and physical examination. After a systematic literature search, 

data of 6,326 women could be obtained for the analyses. For women with unilateral tubal 

pathology at HSG or laparoscopy, increasing age lead to lower rates of natural conception. 

For women with bilateral tubal pathology natural conception rates were low for all ages. 

Longer duration of subfertility lead to lower rates of natural conception for all women. 

Multivariable models were built to assess the prognostic value of patient characteristics and 

the added value of HSG and laparoscopy. A model based on female age, duration and type 

of subfertility, BMI, previous Chlamydia infection and a positive CAT result had an area under 

the ROC curve of 0.61 (95% CI 0.60 - 0.63). Adding HSG, laparoscopy and both HSG and 

laparoscopy, increased the AUCs to 0.63 (95% CI 0.62 - 0.65), 0.62 (95% CI 0.60 - 0.63) 

and 0.63 (95% CI 0.62 - 0.65) respectively. After taking into account patient characteristics, 

findings at HSG or laparoscopy still had significant prognostic importance. However, 

laparoscopy had no added value when HSG was already performed. It was concluded that 

natural conception can be predicted from patient characteristics and hysterosalpingography 

results and was most reduced in women with bilateral tubal pathology at HSG. 

Chapter 8
In this chapter the findings of this thesis are discussed, clinical implications are given and 

future research recommendations are made.

Chapter 10 
This chapter 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 die proberen zwanger te worden 

zal ermee geconfronteerd worden. Er wordt verondersteld dat bij 10-30% van deze paren 

de subfertiliteit het gevolg is van tubapathologie, waaronder wordt verstaan occlusie van de 

tuba of adhesies in het kleine bekken, veroorzaakt door eerdere infecties, endometriose of 

chirurgische ingrepen in het verleden. Om de toestand van de tuba te evalueren, ondergaan 

subfertiele paren vaak tubadiagnostiek als afronding van het vruchtbaarheidsonderzoek. 

Momenteel wordt de laparoscopie met het testen van de doorgankelijkheid van de tuba 

beschouwd als de beste beschikbare manier van tubadiagnostiek, maar laparoscopie 

heeft verschillende nadelen. Ten eerste is het een invasieve chirurgische procedure onder 

algehele anaesthesie, 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 ondergaan, en tegelijkertijd het aantal ‘negatieve’ laparoscopieën 

te verminderen. Nationaal en internationaal bestaat een grote praktijkvariatie in het 

tijdstip waarop de tubatest verricht wordt, het type tests, en de indicatie voor de tests. 

Terwijl sommige richtlijnen een zorgvuldige anamnese aanbevelen om vrouwen voor 

tubadiagnostiek te selecteren, pleiten andere richtlijnen voor het gebruik van de Chlamydia 

antistof test, terwijl weer andere richtlijnen tubadiagnostiek adviseren bij alle subfertiele 

vrouwen. Tot op heden is het meeste diagnostische onderzoek waarop deze richtlijnen 

zijn gebaseerd, uitgevoerd geïsoleerd van de klinische context en  worden conventionele 

meta-analyses, waarvan wordt verondersteld dat ze een maximale hoeveelheid gegevens 

verstrekken en het hoogste niveau van bewijs leveren, gehinderd doordat het onderzoek 

naar diagnostische test accuratesse wordt uitgevoerd zonder gebruik te maken van de 

medische voorgeschiedenis en het lichamelijk onderzoek.

In dit proefschrift is voor het eerst de methode van individuele patiënten data meta-analyse 

geïntroduceerd voor diagnostisch en prognostisch onderzoek binnen de reproductieve 

geneeskunde. Er werd gestart met de methodologische aspecten van conventionele 

meta-analyses en meta-analyses op basis van individuele patiëntgegevens. Hierna zijn IPD 

meta-analyses uitgevoerd om de test accuratesse van de Chlamydia antistof test (CAT) 

opnieuw te bepalen met behulp van de continue testresultaten en werd de invloed van 

patiëntkenmerken op de diagnostische accuratesse van het hysterosalpingogram (HSG) 

onderzocht. Vervolgens onderzochten we de beste strategie om tubapathologie te 

diagnosticeren, met behulp van informatie beschikbaar uit anamnese en lichamelijk 

onderzoek, gecombineerd met de resultaten van de verschillende tubatesten. Ten slotte werd 

in een vierde IPD meta-analyse de voorspellende waarde onderzocht van patiëntkenmerken, 

HSG en diagnostische laparoscopie om zo de natuurlijke zwangerschapskans te voorspellen.
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Hoofdstuk 1
Dit hoofdstuk geeft een beschrijving van de achtergrond en doelstellingen van dit proefschrift.

Hoofdstuk 2
Dit hoofdstuk geeft een opinie artikel dat de voor-en nadelen van conventionele 

systematische reviews en meta-analyses binnen de voortplantingsgeneeskunde beschrijft. 

Daarnaast geeft het de mogelijkheden van systematische reviews en meta-analyses op basis 

van individuele patiëntgegevens weer, gebaseerd op drie klinische voorbeelden uit lopende 

studies. Systematische reviews en bijbehorende meta-analyses worden beschouwd als de 

hoeksteen van de ‘evidence based medicine’. Zij vatten klinisch bewijs samen en verschaffen 

samengestelde schattingen van behandelingseffecten of diagnostische testaccuratesse. 

Omdat ze alleen geaggregeerde data samen kunnen voegen, zijn er een aantal nadelen. 

Naast de mogelijkheid van publicatie bias en slechte rapportage in de oorspronkelijke 

studies, bestaan er ook meer methodologische problemen, zoals verschillende eindpunten 

van follow-up die in de geïncludeerde studies en de onmogelijkheid om onderscheid te 

maken tussen patiënten met verschillende klinische profielen. Daarom is de klinische waarde 

van de conventionele meta-analyse beperkt. Systematische reviews en meta-analyses 

gebaseerd op individuele patiënten data bieden een veelbelovende, maar uitdagende 

benadering, waardoor behandelingseffecten en  diagnostische testaccuratesse kunnen 

worden geëvalueerd op het niveau van relevante patiëntengroepen. Daarnaast verbetert het 

directe contact en de samenwerking met de oorspronkelijke auteurs de dataverzameling, 

voorkomt het publicatie bias en bestrijdt het slechte rapportage in de originele artikelen. Drie 

klinische voorbeelden werden beschreven om de mogelijke voordelen van IPD meta-analyse 

te illustreren. Het eerste voorbeeld is een IPD meta-analyse naar de effectiviteit van ‘single 

versus double embryo transfer‘ (SET resp. DET) bij IVF. In deze meta-analyse werden odds 

ratio’s geschat voor de kans op een levend geborene of een meerlingzwangerschap, waarbij 

werd gecorrigeerd voor zowel patiënt kenmerken, evenals voor laboratoriumeigenschappen 

die de effectiviteit van de behandeling kunnen beïnvloeden. Dit type gegevens kan leiden 

tot een juiste identificatie van subgroepen vrouwen die zullen profiteren van SET of zullen 

worden geschaad door DET. Het tweede voorbeeld beschrijft een IPD meta-analyse over de 

diagnose van tubapathologie die in detail is beschreven in de hoofdstukken 4 t/m 7 van 

dit proefschrift. Het gebruik van deze individuele patiëntgegevens maakte het mogelijk om 

verschillende volgordes van testen te bestuderen, patiëntkenmerken gebaseerd op klinische 

anamnese en lichamelijk onderzoek te integreren, verschillende definities van tubapathologie 

te gebruiken, alsmede verschillende assays CAT en continue testresultaten. In het laatste 

voorbeeld, was het doel van de IPD meta-analyse om te bewijzen of te ontkrachten dat 

toevoeging van patiënt-specifieke informatie, zoals leeftijd van de vrouw, de voorspellende 

waarde van de ovariële reserve testen zou verbeteren bij het voorspellen van respons op 

ovariële stimulatie en zwangerschapsuitkomst. Dit kan mogelijk leiden tot de vorming van 
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een voorspellende tool die subgroepen vrouwen met specifieke zwangerschapskansen, op 

basis van hun klinische profiel, identificeert.

Hoofdstuk 3
Dit hoofdstuk beschrijft een protocol waarin de algemene methodologie van IPD meta-

analyse wordt beschrijven en een kader wordt geschapen voor toekomstige IPD 

meta-analyses. Vier klinische problemen op het gebied van verloskunde, gynaecologie en 

voortplantingsgeneeskunde worden gebruikt om deze nieuwe aanpak van analyseren 

te illustreren. 1. Diagnose van endometriumkanker bij vrouwen met postmenopauzaal 

bloedverlies (PMB). 2. Voorspelling van vroeggeboorte. 3. Diagnose van tubapathologie in 

subfertiele vrouwen. 4. Beoordeling van de ovariële respons bij vrouwen behandeld met 

in vitro fertilisatie (IVF). Al eerder werden in systematische reviews van elk van de vier 

klinische onderwerpen uitgevoerd en werd relevant primair onderzoek geïdentificeerd. Bij 

de uitvoering van een IPD meta-analyses is de eerste stap het benaderen van de eerste 

auteurs van de geïncludeerde studies om deel te nemen en hun oorspronkelijke, volledige 

dataset, voorzien van een duidelijke legenda te delen. Deze verworven datasets worden 

beoordeeld op validiteit en volledigheid en de studiekwaliteit van de primaire studies wordt 

gerapporteerd volgens de STARD criteria. Indien de variabelen verenigbaar zijn, worden de 

originele gegevens samengevoegd en een studie identificatie variabele toegevoegd om de 

gelaagde aard van de gepoolde dataset weer te geven. Gebaseerd op deze dataset kan 

een reeks van analyses worden uitgevoerd, waaronder een systematische vergelijking van 

de resultaten van de IPD meta-analyse met die van de conventionele meta-analyse en het 

ontwikkelen van multivariabele modellen, zowel voor anamnese en lichamelijk onderzoek 

alleen, alsmede voor verschillende combinaties en volgordes van relevante patiënt kenmerken 

met aanvullende testresultaten. De klinische “eindproducten” van deze IPD meta-analyses 

zijn predictieregels voor elk van de vier klinische problemen: vrouwen met PMB, vrouwen 

met een risico voor vroeggeboorte, vrouwen verdacht voor tubapathologie en vrouwen 

die starten met IVF. De resultaten kunnen beschikbaar worden gesteld door middel van 

eenvoudige grafieken en logistische regressie modellen. Deze laatsten zullen toegankelijk 

worden gemaakt via web applicaties waar artsen relevante gegevens van de individuele 

patiënt kunnen invoeren, om zo het beste diagnostische traject en behandeling te kunnen 

bieden voor de individuele patiënt. Het beschreven klinische onderwerp betreffende de 

diagnostiek van tubapathologie in subfertiele vrouwen is uitgewerkt in dit proefschrift.

Hoofdstuk 4
De Chlamydia antistof test (CAT) toont aanzienlijke variaties in gerapporteerde schattingen 

van de testaccuratesse voor het diagnosticeren van tubapathologie, mede door het gebruik 

van verschillende assays en afkapwaarden. Het doel van deze studie was om de testaccuratesse 

van de CAT opnieuw te bepalen voor drie verschillende assays, met behulp van de continue 

testresultaten van individuele patiënten. Na een systematisch literatuuronderzoek werden 
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auteurs van primaire studies, die gebruikt maakten van de micro immunofluorescentie test 

(MIF), immunofluorescentie test (IF) of enzym-linked immunosorbent assay test (ELISA) 

voor de diagnostiek van tubapathologie, benaderd om hun oorspronkelijke data te delen. 

Gegevens van 6,191 vrouwen, afkomstig uit 14 primaire studies, werden verkregen. Deze 

gegevens bevatten continue CAT resultaten van 3453 vrouwen die geschikt waren voor de 

analyses. Na multipele imputatie om te corrigeren voor ontbrekende laparoscopieën en het 

verminderen van de verificatie bias, werd de totale testaccuratesse van de drie verschillende 

assays geschat. ROC-curves werden gegenereerd door middel van ROC analyses op basis van 

de voorspelde kansen van een ‘random effects’ logistisch regressiemodel om te corrigeren 

voor de heterogeniteit tussen de verschillende studies. De ‘areas under the ROC-curves’ 

waren  respectievelijk 0,64, 0,65 en 0,75 (p-waarde < 0,001) voor ELISA, IF en MIF voor 

enkelzijdige tubapathologie en 0,66, 0,66 en 0,77 (p-waarde = 0,01) voor dubbelzijdige 

tubapathologie. De testaccuratesse van MIF toonde een redelijk vermogen om onderscheid 

te maken tussen vrouwen met en zonder tubapathologie, terwijl ELISA en IF een slecht 

discriminerend vermogen lieten zien. Dit geeft aan dat de micro-immunofluorescentietest 

(MIF) superieur is in het diagnosticeren van tubapathologie en daarom geschikt is als eerste 

test in het diagnostische traject voor tubapathologie.

Hoofdstuk 5
De sensitiviteit en specificiteit van het hysterosalpingogram (HSG) zijn 65% en 83%, gebaseerd 

op een conventionele meta-analyse. De invloed van patiëntkenmerken op deze diagnostische 

testaccuratesse van het HSG is echter nog onbekend. Het doel van deze studie was om te 

beoordelen of de accuratesse van het HSG is geassocieerd met patiëntkenmerken. Auteurs van 

primaire studies, die rapporteren over de accuratesse van het HSG, waarbij de diagnostische 

laparoscopie werd beschouwd als referentietest, werden benaderd en de verkregen gegevens 

van individuele patiënten werden gebruikt in een IPD meta-analyse. De gegevens van 4,521 

vrouwen, afkomstig uit 7 primaire studies werden verkregen. De gepoolde sensitiviteit en 

specificiteit van het HSG waren 53% en 87% voor enkelzijdige tubapathologie en 46% en 95% 

voor dubbelzijdige tubapathologie. De mogelijke associatie tussen patiëntkenmerken, zoals 

leeftijd van de vrouw, duur van de subfertiliteit en een voorgeschiedenis zonder risicofactoren 

voor tubapathologie, en de testaccuratesse van het HSG werd berekend met behulp van een 

‘random intercept’ logistisch regressiemodel. Uit dit model bleek dat de accuratesse van het HSG 

niet is geassocieerd met patiëntkarakteristieken, behalve voor vrouwen zonder risicofactoren 

voor tubapathologie, waaronder werd verstaan een voorgeschiedenis zonder PID en een 

negatieve CAT. Bij deze vrouwen was de sensitiviteit van het HSG 38%, in vergelijking met 

61% bij vrouwen met risicofactoren (P = 0,005). Voor dubbelzijdige tubapathologie, waren 

deze percentages 13% versus 47% (p = 0,01). Deze verschillen berusten waarschijnlijk op 

artefacten tijdens de diagnostische laparoscopie. De specificiteit van het HSG was relatief hoog 

en zeer stabiel in alle subgroepen. Geconcludeerd kan worden dat het HSG gelijkwaardig 

presteert bij vrouwen met verschillende klinische profielen.
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Hoofdstuk 6
Tubatesten worden routinematig uitgevoerd in het diagnostische traject voor subfertiele 

vrouwen, maar het is onbekend of deze diagnostische tests toegevoegde waarde hebben 

boven de informatie die is verkregen door de anamnese en lichamelijk onderzoek. In deze 

studie werd een individuele patiënt data meta-analyse uitgevoerd om een antwoord the geven 

op deze vraag. Na een systematisch literatuuronderzoek, werden de auteurs van primaire 

studies benaderd om hun datasets te leveren met informatie over patiëntkenmerken en de 

resultaten van de tubatesten, zoals de Chlamydia antistof test (CAT), het hysterosalpingogram 

(HSG) en de diagnostische laparoscopie. Van vier studies, die  rapporteren over 4,883 

vrouwen, konden de gegevens worden verkregen. Door middel van logistische regressie 

werden een model gecreëerd dat tubapathologie voorspelt op basis van patiëntkenmerken 

afkomstig van anamnese en lichamelijk onderzoek, alsmede modellen waarin de resultaten 

van de verschillende tubatesten worden geïntegreerd in het patiëntkenmerken model. Van de 

beschikbare patiëntkenmerken werden duur van de subfertiliteit, eerdere zwangerschappen, 

‘pelvic inflammatory disease’ (PID) in de voorgeschiedenis, eerdere operaties in het kleine 

bekken en een doorgemaakte Chlamydia-infectie gekwalificeerd voor het patiëntkenmerken 

model. Dit model liet een AUC zien van 0,63 (95% CI 0,61 tot 0,65) voor het diagnosticeren 

van tubapathologie. Toevoeging van het HSG verbeterde de voorspellende waarde voor 

het diagnosticeren van enkelzijdige tubapathologie naar een AUC van 0,74 (95% CI 0,73 

tot 0,76) (p < 0,001). Toevoeging van zowel CAT als het HSG verbeterde de voorspellende 

waarde voor het diagnosticeren van dubbelzijdige tubapathologie naar een AUC van 0,76 

(95% CI 0,74 tot 0,79). De combinatie van  patiëntkenmerken, CAT en het HSG is daarom 

de beste diagnostische strategie om dubbelzijdige tubapathologie te diagnosticeren.

Hoofdstuk 7
Om subfertiele paren te  optimaal te behandelen, is het essentieel de kans op spontane 

zwangerschap te kunnen berekenen. Eerdere studies naar de voorspellende capaciteit van 

het HSG en de diagnostische laparoscopie hebben deze waarde geschat zonder rekening te 

houden met patiëntkenmerken, daarbij de mogelijke relaties tussen patiënt en tubastatus 

negerend. Het doel van deze studie was om de capaciteit van de tubatesten in het voorspellen 

van spontane zwangerschap te beoordelen voor vrouwen met verschillende profielen  

en om de toegevoegde waarde van deze tests boven de  patiëntkenmerken verkregen 

uit klinische anamnese en lichamelijk onderzoek te onderzoeken. Na een systematisch 

literatuuronderzoek, werden de gegevens van 6,326 vrouwen verkregen voor de analyses. 

Voor vrouwen met enkelzijdige tubapathologie bij HSG of laparoscopie, leidde toenemende 

leeftijd tot lagere spontane zwangerschapskansen. Voor vrouwen met een dubbelzijdige 

tubapathologie waren de spontane zwangerschapskansen laag voor alle leeftijden. Ook 

langere duur van de subfertiliteit leidde tot lagere spontane zwangerschapskansen voor 

alle vrouwen. Multivariabele modellen werden gecreëerd om de prognostische waarde 

van de patiëntkenmerken en de toegevoegde waarde van het HSG en de laparoscopie te 
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beoordelen. Het model gebaseerd op de volgende patiënt kenmerken; vrouwelijke leeftijd, 

duur en type subfertiliteit, BMI, Chlamydia-infectie in de voorgeschiedenis en een positieve 

CAT uitslag, had een oppervlakte onder de ROC-curve van 0,61 (95% CI 0,60 tot 0,63). 

Toevoegen van HSG, laparoscopie of beide tubatesten, verhoogde de AUC respectievelijk 

tot 0,63 (95% CI 0,62 tot 0,65), 0,62 (95% CI 0,60 tot 0,63) en 0,63 (95% CI 0,62 tot 

0,65). Rekening houdend met de patiëntkenmerken hadden de bevindingen bij het HSG of 

de laparoscopie nog steeds significante prognostische betekenis. Echter, de diagnostische 

laparoscopie had geen toegevoegde waarde als het HSG reeds was uitgevoerd. Er werd 

geconcludeerd dat spontane zwangerschapskansen kunnen worden voorspeld op basis van 

patiënt kenmerken en de resultaten van het HSG. De kans op spontane zwangerschap is het 

laagst bij vrouwen met dubbelzijdige tubapathologie bij het HSG.

Hoofdstuk 8
Dit hoofdstuk bevat een algemene bespreking van de bevindingen en klinische implicaties uit 

dit proefschrift en bevat aanbevelingen voor toekomstig onderzoek.

Hoofdstuk 10 
In dit hoofdstuk worden, in de vorm van een epiloog, de resultaten van drie proefschriften, 

voorkomend uit onze tubapathologie onderzoeksgroep, geïntegreerd. 
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With an estimated prevalence between 11 and 30% in subfertile populations, tubal pathology 

is an important cause for subfertility (Hull et al., 1985, Collins et al., 1995, Snick et al., 1997).  

The American Society of Reproductive Medicine (ASRM) recommends a careful medical 

history and physical examination to identify symptoms and signs suggesting a specific cause 

for subfertility, which can be the focus of subsequent diagnostic evaluation. The National 

Institute for Clinical Excellence (NICE) guideline advises the use of patient characteristics 

to decide whether tubal testing should be performed and women without comorbidities 

should be offered HSG. The guideline of the Dutch Society for Obstetrics and Gynaecology 

(NVOG) mentions the use of patient characteristics as a first step in the diagnostic strategy 

(ASRM, 2006; NICE, 2004; NVOG, 2004). 

Although all these guidelines recommend medical history and physical examination as a 

primary evaluation in the fertility work-up, a clear evidence based recommendation in whom, 

when and which tubal patency tests should be performed is not provided. As a consequence 

there is wide variation in clinical practice concerning the use of tubal patency tests. A 

diagnostic strategy in which all available information from the medical history and physical 

examination is integrated with the results of tubal patency tests could potentially lead to 

more cost-effective testing of tubal pathology. We have performed and published several 

studies on patient 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 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 
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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. 

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., 2013). 

We suggest the following for tubal patency tests in the fertility work-up, in women until 38 

years, 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. 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 or IVF, obviously taking the prognosis for 

natural conception into account (Hunault et al., 2004; Steures et al., 2006). In some women 

sonographically visible bilateral hydrosalpinges may be detected before tubal testing. In 
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these women direct laparoscopy is advised and can be combined at the same time with 

salpingectomy or laparoscopic tubal occlusion, since it has been shown that this improves 

IVF-outcome (Johnson et al., 2010). 

Our recommendation and findings can serve as a framework for a new evidence based 

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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Dankwoord

Een proefschrift schrijf je niet alleen, daarom wil ik iedereen die er aan heeft bijgedragen op 

deze plaats graag bedanken. 

Zonder alle vrouwen die hun gegevens ter beschikking hebben gesteld voor de geincludeerde 

studies in dit proefschrift en alle dokters die aan deze dataverzameling hebben bijgedragen, 

zou de IPD meta-analyse niet bestaan en was dit proefschrift niet tot stand gekomen. 

Bedankt!

Daarnaast ben ik een aantal specifieke personen dank verschuldigd.

Mijn promotoren prof dr BWJ Mol en prof F van der Veen en mijn co-promotor dr BC 

Opmeer. 

Beste Ben Willem, het waren af en toe heftige tijden, maar het is ons gelukt, zie hier het 

eindresultaat! Soms dreef je me tot wanhoop als je ’s nachts weer eens mailde dat het toch 

anders moest. En vaak waren we het niet met elkaar eens. Jouw vasthoudendheid en je 

vermogen mensen te motiveren hebben er echter voor gezorgd dat ik hier nu toch sta en dit 

proefschrift mag verdedigen. Bedankt daarvoor.

Beste Fulco, sinds jij als promotor bij dit project bent betrokken is het schrijven van de 

manuscripten opeens een stuk makkelijker geworden. Binnen een paar dagen kwam je altijd 

met behoorlijk pittig commentaar vol opmerkingen in rode hoofdletters, maar zodra we er 

dan samen naar keken, bleek het meestal wel mee te vallen en als ik je kamer verliet had 

ik altijd duidelijk voor ogen hoe het stuk nog beter kon worden. Daarnaast ben jij degene 

die ondanks alle statistiek, waar je altijd op mopperde, het klinische doel nooit uit het oog 

verloor en de leesbaarheid van de stukken voor ogen hield. Je was voor dit proefschrift van 

onschatbare waarde. 

Beste Brent, daar zat je dan op de KEBB met een blonde dokter zonder enige kennis van 

statistiek. Dankzij jouw deur die altijd voor me open stond en je geduldige uitleg over 

allerhande analyses, kan ik inmiddels met trots zeggen dat ik niet alleen met SPSS, maar 

zelfs met SAS uit de voeten kan. Wie had dat gedacht!?   

De leden van de promotie commissie; dr WM Ankum, prof dr JLH Evers, prof dr CB Lambalk, 

dr S Mastenbroek en prof dr RJ Scholten dank voor het beoordelen van het manuscript en 

het zitting willen nemen in mijn promotie commissie.

Prof dr Lambalk, ik hoop oprecht dat het Amsterdamse verkeer u er niet van weerhoudt om 

op tijd op Schiphol te geraken. Een goede vlucht toegewenst. 

Alle co-auteurs van de manuscripten in dit proefschrift ben ik uitermate veel dank verschuldigd. 

Dankzij jullie heb ik dit boekje kunnen schrijven. Bedankt voor de originele dataverzameling, 

het aanleveren van jullie data, het lezen van de manuscripten, maar bovenal voor het 
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vertrouwen dat jullie in ons hadden, om jullie complete databases te mailen voor inclusie in 

onze IPD meta-analyses. 

I owe a great debt of gratitude to all co-authors of the manuscripts in this thesis. Thanks to 

you I was able to write this thesis. Thank you all for the original data collection, the sharing 

of your data, the reading of the manuscripts, but most of all for the trust you had in us, to 

make your complete databases available for inclusion in our IPD meta-analyses.

Jan Willem en Pieternel, als dataleveranciers van de OFO database hebben jullie een groot 

stempel gezet op dit proefschrift. Ik ben jullie zeer dankbaar dat we van jullie data gebruik 

mochten maken. Jan Willem, als jij mij niet bij Ben Willem had geintroduceerd was dit 

proefschrift er niet geweest…

Sjors en Harold, tubamaatjes, wat heerlijk om ‘partners in crime’ te hebben. Jullie waren 

al een tijdje bezig met het tuba-onderzoek en zijn mij inmiddels ook voorgegaan met de 

verdediging van jullie proefschriften. Ik heb me echter direct welkom gevoeld in ons tuba-

trio. 

Sjors, van je brabantse tongval werd ik altijd spontaan vrolijk en je nuchtere kijk op het 

onderzoek werkte zeer verhelderend. Ik wens je heel veel geluk in Nijmegen!

Harold, dankzij jouw sabbatical hebben onze proefschriften een flinke sprong vooruit 

gemaakt. Ik ben je daar erg dankbaar voor! Wat mij betreft heb je weer een sabbatical 

verdiend!

Hooggeleerde heren (en een enkele dame) van de afdeling klinische epidemiologie, 

biostatistiek en bio-informatica. 

Prof dr PM Bossuyt, beste Patrick, ook al was je vaak slechts aan de zijlijn bij dit proefschrift 

betrokken, als ik met je sprak wist je altijd exact waar het over ging, soms zelfs nog beter 

dan ikzelf. Ik zal nooit begrijpen hoe je dat voor elkaar krijgt, maar ik ben je zeer dankbaar 

voor je waardevolle epidemiologische inzichten.

Dr JH Reitsma, beste Hans, zodra de ROC curves in beeld kwamen, kwam jij in beeld. Ik heb 

ontelbare keren aan je kamerdeur gestaan om even iets te vragen en altijd nam je de tijd 

om uit te leggen hoe ik de analyses het beste kon doen. Ik wil je daar op deze plaats graag 

voor bedanken. 

Prof dr A Zwinderman, beste Koos, dank voor alle antwoorden op mijn statistische vragen 

die ik op je afvuurde als je je voor overleg met je eigen promovendi op onze kamer waagde.

Dr M Leeflang, beste Mariska, wat een genot, de koningin van de diagnostische meta-

analyse bij mij op de kamer. Ik geloof dat jouw productie aanzienlijk minder is geworden 

toen ik bij je op de kamer kwam zitten, maar voor mij was het heerlijk om me simpelweg om 

te kunnen draaien en van je expertise gebruik te kunnen maken. Je hebt me veel over het 

diagnostische onderzoek geleerd, dank daarvoor. 

Dr van Geloven, beste Nan, voordat jij bij het project betrokken werd, was het voor mij soms 

een statistische ‘struggle’. Het was heerlijk om iemand te hebben met de statistische know 
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how die ook nog eens in de data zat. Dankzij jou werden al die lastige analyses opeens een 

stuk minder angstaanjagend. 

Collega-onderzoekers van de KEBB, het is al weer een tijdje geleden dat ik de afdeling heb 

ingeruild voor de kliniek, maar ik zal de gezelligheid en de uitgebreide lunches in de zon niet 

snel vergeten. 

Collega’s en onderzoekers van de gynaecologie, verloskunde en CVV van het AMC. 

Inmiddels zijn we met teveel om alle namen hier nog te noemen, maar bij deze wil ik 

iedereen bedanken voor de gezelligheid en de hulp tijdens het schrijven van dit proefschrift.

Moniek en Marielle, mijn SLAZ maatjes, binnenkort maar weer eens een etentje plannen? 

Andere IPD-ers; Els, Jeroen, Simone, Madeleine, Noortje, Emily, jullie weten als geen ander 

wat een immense klus het is, zo’n IPD meta-analyse. Het was fijn om gelijkgestemden te 

hebben en af en toe samen flink te kunnen klagen. Ik wens degenen die hun proefschrift 

nog moeten afronden heel veel succes! En ik ben nog altijd bereikbaar als jullie je frustratie 

kwijt willen. 

Secretaresses van de KEBB en de gynaecologie, jullie wil ik graag bedanken voor alle 

ondersteuning in de afgelopen jaren. Marjan, bedankt dat je me heb bijgestaan in deze 

laatste weken waarin ik zo nu en dan harde buiken kreeg van alle dingen die nog geregeld 

moesten worden. Ik ben blij dat jij het hoofd koel hield. 

Gynaecologen, verloskundigen, arts-assistenten & verpleegkundigen van het Flevoziekenhuis, 

wat een warm nest waar ik in januari 2012 in terecht ben gekomen. Een betere start van 

de opleiding had  ik mij niet kunnen wensen. Ik kijk er nu al naar uit om straks weer aan de 

slag te gaan!

Mijn paranimfen, Ruby Catshoek en Lobke Moolenaar.

Lieve Ruby, we leerden elkaar kennen in het Sint Lucas Andreas Ziekenhuis, waar ik begon 

als onervaren ANIOS en jij met je laatste loodjes van de opleiding bezig was. Een groter 

verschil was bijna niet mogelijk. Dankzij een borrel na werktijd en een terugrit met ‘wild 

west’ taferelen was het ijs snel gebroken. Sindsdien ben je onafgebroken trots geweest op 

mijn wetenschappelijke inspanningen. Ik op mijn beurt ben trots dat jij op deze dag naast 

me wil staan. 

Lieve Lobke, promoveren bij Ben Willem schept een band, maar meer nog is onze band 

gebaseerd op lekker eten, wijntjes drinken en genieten van het leven. Helaas moeten we 

het nu allebei even zonder wijntjes doen, maar als we straks beiden bevallen zijn, maken we 

dat weer helemaal goed. Wat mij betreft waren Ivy en de Librije pas het begin! Ik vind het 

geweldig dat je hoogzwanger als paranimf naast me staat. Hou die kleine Nebu nog maar 

even binnen!
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Lieve vrienden en vriendinnen, ik wil jullie allemaal bedanken voor de nooit aflatende support 

bij dit proefschrift en de gezellige borrels en etentjes om even de zinnen te verzetten. 

Maithe, al meer dan 20 jaar mijn vriendinnetje en in al die jaren niets veranderd. Ik ben 

ontzettend blij dat we nog steeds vriendinnen zijn. Marco, bedankt dat je zo’n lieve man 

voor mijn vriendinnetje bent. 

Irene & Ashrita, geneeskunde vriendinnen van de VU. Bedankt dat jullie me als AMC-er nog 

steeds als vriendinnetje zien. Lieve Irene, ik laat ons aapje straks met een gerust hart bij je 

achter, heerlijk!

Wendy & Arwin, Thailandvrienden, maar inmiddels zoveel meer. Ik kijk er naar uit om 

volgend jaar weer te genieten van een gegrilde kreeft langs de kant van de weg op een 

paradijselijk eiland! 

Marcia & de 3 D’s, lieve buurtjes, binnenkort maar weer eens een borrel? Ik heb nu weer 

tijd… 

Anoek & Jacqueline, lieve yogavriendinnetjes, nu is het eindelijk tijd voor Shavasana. 

Namaste!

Marijke & Dirk, lieve schoonouders, bedankt voor alle steun in de afgelopen jaren en jullie 

interesse voor dit proefschrift. Tot in Italie, la vita e bella! 

Mama en Alex, bedankt voor jullie onvoorwaardelijke steun en liefde. Het is fijn om altijd een 

luisterend oor te hebben en te weten dat we op een lijn zitten. Mama, het is echt waar, hoe 

ouder ik word, hoe meer ik op je lijk, en daar ben ik trots op! Ik zal je tijdens het lekenpraatje 

uitleggen wat ik nu eigenlijk al die jaren precies heb gedaan. 

Alex, nog steeds heb ik bewondering voor hoe jij al die jaren geleden die drie kleine meisjes 

in je gezin opnam. Je bent een geweldige vader voor ons! 

Pir & Raf, hoe oud jullie ook worden, kleine zusjes blijven altijd kleine zusjes. 

Martijn, mijn lief, als er iemand is die niet houdt van overdreven passionele teksten (althans; 

niet in het openbaar) dan ben jij het wel. Ik denk zelfs dat je hier liever helemaal niet 

genoemd zou worden. Toch wil ik je laten weten dat ik ontzettend blij met je ben en nog 

nooit een seconde spijt heb gehad dat ik negen jaar geleden binnen een maand bij je in ben 

getrokken. We zijn een fantastistisch team samen! Ik hou van je!

Lieve kleine aapie, nu ik dit schrijf zit je in mijn buik druk te trappelen. Over niet al te lange 

tijd zal je geboren worden en kan ik je eindelijk in mijn armen houden. Ik kijk er naar uit om 

je de wereld te laten zien! 
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