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Scientific summary
Background
Chronic pelvic pain (CPP) may be defined as pain in the pelvic and lower abdominal region, that lasts for
≥ 6 months. Idiopathic CPP is defined as CPP with an uncertain or unknown structural cause, after the
exclusion of any other recognisable gynaecological pathology. Conditions such as endometriosis, fibroids,
adenomyosis, cystic ovaries, adhesions and pelvic inflammatory disease are potential gynaecological
causes, although CPP can have origins in the bowel, bladder, pelvic bones, muscles and fascia.
Symptoms experienced in CPP are variable and non-specific, so establishing a differential diagnosis can be
hard. The Royal College of Obstetricians and Gynaecologists guidelines on the management of CPP [Royal
College of Obstetricians and Gynaecologists. Chronic Pelvic Pain, Initial Management (Green-top Guideline
No. 41). London: Royal College of Obstetricians and Gynaecologists; 2012] provide a number of suggested
initial investigations, including history, microbiological screening and vaginal examination, all based on
low-quality evidence. If no cause of the pain is found, a diagnostic laparoscopy is often performed, although
many conditions associated with CPP are not amenable to either laparoscopic diagnosis or treatment.
The aim of the Magnetic resonance imaging to Establish Diagnosis Against Laparoscopy (MEDAL) study was
to assess if magnetic resonance imaging (MRI) can add value in the decision to perform a laparoscopy in
women presenting with CPP. The important question was whether or not a normal MRI scan has a high
enough negative predictive value to replace and avoid laparoscopy.

Objectives
1. To estimate the accuracy of post-MRI diagnoses with respect to (1) the absence of any observed
condition or cause (i.e. idiopathic CPP); and (2) the main gynaecological conditions or causes of CPP
as target conditions, using both post-laparoscopy diagnoses and expert independent panel (EIP)
consensus (with and without incorporating MRI findings) as reference standards.
2. To determine the added value of MRI in a care pathway involving baseline history, clinical examination
and ultrasound before performing laparoscopy.
3. To quantify the impact that pre-laparoscopy MRI scans can have on decision-making, with respect to
triaging for therapeutic laparoscopy.
4. To perform a decision-analytic model-based economic evaluation determining the cost-effectiveness of
MRI compared with laparoscopy.

Methods
We performed a comparative test-accuracy study with panel consensus for determining the reference
standard.

Participants and setting
We recruited women aged ≥ 16 years, who had been referred to a gynaecologist, with CPP of at least
6 months’ duration, and in whom there was an indication for diagnostic laparoscopy, from 26 UK
hospitals. Women were excluded if they had had a hysterectomy, were pregnant, were unable to give
written informed consent, definitely had a clinical indication for a MRI scan or if they had a previously
established cause of CPP. Information concerning menstrual, obstetric and contraceptive history, pelvic
examination and ultrasound scans was collected at baseline. Patient-completed questionnaires captured
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domains such as (1) the location and severity of pain; (2) neuropathic, bowel-, urinary- and endometriosisassociated pain symptoms; (3) personality characteristics; (4) coping strategies; (5) depression; (6) prior
sexual and physical abuse; and (7) general quality of life. Six months after diagnostic laparoscopy, data
regarding treatments offered were collected and patient questionnaires were repeated.

Index tests
Diagnostic laparoscopy and MRI scans were the index tests. The MRI standard protocol comprised T1
and T2 axial, T2 sagittal, T2 coronal and T1-fast-spin (FS) axial, sagittal and coronal sequences. The
observations were captured on a standardised report form and verified by a second radiologist who was
blind to the initial MRI report. The diagnostic laparoscopy was performed under general anaesthetic in
accordance with the gynaecologist’s standard practice. When clinically indicated, additional therapeutic
and diagnostic procedures were performed at the time of surgery.
To avoid verification bias, MRI was performed before diagnostic laparoscopy, and treating gynaecologists
and investigators were kept blind to the MRI reports and images. To model the impact of using the MRI
scan report, an independent gynaecologist reviewed each case. This gynaecologist was randomly selected
from another hospital recruiting to the MEDAL study.
At several stages in the study path for each patient, the treating gynaecologist and the independent
gynaecologist reviewed the diagnostic evidence available. To establish a possible diagnosis for each target
condition (including idiopathic CPP), the gynaecologists indicated their level of certainty that the condition
was causing the pelvic pain on a numerical rating scale, ranking from 0, meaning no chance, to 10,
meaning certain.

Reference standard
The analysis considered two sets of reference standard. The first set identified was to assess the accuracy
of MRI for observing a condition; the second was to assess the accuracy of MRI for identifying the
condition(s) causing pelvic pain. The first set used findings on laparoscopy for the reference standard;
the second used consensus from an EIP. The consensus process, the target condition definitions and the
data presentation were standardised prior to the panel meetings, and reproducibility was assessed. The
first-stage reference diagnosis was based on patient history and reported symptoms, clinical examination,
ultrasound, laparoscopy and follow-up. For the second-stage reference diagnosis, the MRI scan report was
provided. The panel members selected all conditions for which they were at least 50% certain that these
were the underlying cause.

Sample size
A sample size of 250 women was chosen to address the primary research question of how many women
could have avoided laparoscopy if MRI was routinely used in practice for diagnosing women with CPP.
The study had over 90% power (at p = 0.05) to detect a reduction of 10% in the number of laparoscopies
needed (i.e. from 100% down to 90%). With a prevalence of ≥ 30% of idiopathic CPP, this sample size
had the ability to reliably rule out a sensitivity or specificity of < 70% if the ‘true’ sensitivity or specificity
was > 80%.

Analysis
The prevalence of all gynaecological and non-gynaecological conditions in relation to whether or not they
were believed to be causing pain (as determined by the reference standard established by consensus by
the EIP) was calculated along with 95% confidence intervals (CIs) using binomial exact methods. The
kappa value, alongside the 95% CIs, indicated the agreement between the three individual members of
the EIP in their diagnoses.
The primary analysis involved calculations of sensitivity and specificity (and the associated 95% CIs) for
the presence or absence of each structural gynaecological cause of pain; data were taken from the binary
yes/no responses of the reference standard before and after the MRI data were revealed. Receiver operator
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characteristic curves were also constructed for each test for each condition, using the certainty estimates
provided by the treating gynaecologists and the independent gynaecologists, and the binary responses of
the reference standard. The area under the receiver operating characteristic (AUROC) curve and 95% CI
was estimated for each test. Differences between the AUROC estimates of each of the four diagnoses
(pre and post laparoscopy by treating gynaecologist, and pre and post MRI by independent gynaecologist)
were then calculated using a non-parametric approach for correlated data and are presented along with
the 95% CIs. The same analysis was done to compare the responses after the MRI data were revealed to
the EIP.

Cost-effectiveness evaluation
The cost-effectiveness for a range of scenarios for MRI and laparoscopy using different sensitivity and
specificity values, as well as do-nothing (no MRI or laparoscopy) scenarios, was examined for women with
undiagnosed CPP.
A decision-analytic model with a 6-month time horizon was developed in consultation with the clinical
and methodological team. Two pathways for laparoscopy and MRI were constructed, with the cut-off
value on the receiver operating characteristic (ROC) curve used to inform the sensitivity and specificity of
each test being treated as a decision variable. Data collected in the MEDAL study to inform the prevalence,
quality-adjusted life-year (QALY) and test-accuracy data were used to parameterise the economic model.
Cost data were obtained from standard NHS sources.
A cost–utility analysis was undertaken based on the primary outcome of cost per QALY. The secondary
outcomes of the cost per patient correctly diagnosed and the cost per patient appropriately treated were
also considered as part of the wider cost-effectiveness analyses. The perspective of the analysis was the
health-care provider perspective (the UK NHS) in a secondary care (hospital) setting. Given the 6-month
time horizon, no discounting was applied. The results in this study are described using the incremental
cost-effectiveness ratio (ICER). A range of one-way sensitivity analyses were undertaken to gain further
insights into the impact of reasonable changes on key parameters in the model. A probabilistic sensitivity
analysis was also conducted.

Results
Main findings of the test-accuracy study
The diagnostic study demonstrated that, compared with the reference standard diagnosis verified with
laparoscopy, MRI had high specificity but poor sensitivity for observing deep-infiltrating endometriosis (3%),
endometrioma (33%), adhesions (19%) and ovarian cysts (20%). Sensitivity was higher for detecting these
conditions as a cause of pelvic pain, as categorised by the EIP, but not high enough to be useful. MRI
correctly identified 56% (95% CI 48% to 64%) of women judged to have idiopathic CPP, but missed
46% (95% CI 37% to 55%) of women considered to have a gynaecological structural cause of CPP.
Magnetic resonance imaging added significant value in the care pathway for determining the cause of
pain over and above the information gained by history, gynaecological examination and pelvic ultrasound
(before performing diagnostic laparoscopy) in identifying deep-infiltrating endometriosis (p = 0.006) and
endometrioma (p = 0.02), but not for other gynaecological structural causes or for identifying idiopathic
CPP (p = 0.08).
Laparoscopy was significantly more accurate than MRI in diagnosing idiopathic CPP (p < 0.0001),
superficial peritoneal endometriosis (p < 0.0001), deep-infiltrating endometriosis (p < 0.0001), and
endometrioma of the ovary (p = 0.02) as the cause of pelvic pain. The accuracy of laparoscopy appeared
able to rule in these diagnoses. Laparoscopy was not able to make accurate diagnoses that adhesions
were the cause of pelvic pain, nor to diagnose adenomyosis.
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Using MRI to identify women who require therapeutic laparoscopy would lead to 369 women in a cohort
of 1000 women receiving laparoscopy unnecessarily, and 136 women who required laparoscopy not
receiving it. A strategy of all women receiving laparoscopy would lead to 557 women who do not need
laparoscopic treatment receiving it.

Main findings of the economic evaluation
Feeding these diagnostic performance data into a decision-analytic model to inform cost-effectiveness
demonstrated that, for the majority of cut-off values used in the analysis, laparoscopy was found to be more
effective, in terms of QALYs gained, than MRI. Laparoscopy was found to be increasingly cost-effective for
longer time horizons. Extensive sensitivity analysis shows that, compared with laparoscopy, MRI is never a
cost-effective option.

Conclusions
With respect to specific gynaecological conditions, MRI was accurate for endometrioma, adhesions, ovarian
cysts and fibroids when compared with observations at laparoscopy. When compared with assignment of a
cause for CPP symptoms by an expert panel, MRI was accurate for endometrioma, adhesions and fibroids.
For determining the cause of pain, MRI added value in the care pathway over and above the information
gained by history, gynaecological examination and pelvic ultrasound (before performing diagnostic
laparoscopy) for the target conditions of deep-infiltrating endometriosis and endometrioma. The evaluation
of non-gynaecological conditions suffered from a lack of agreement over verification of diagnosis by an
expert panel, and this limits the useful interpretation of the data.
As a result of the extensive assumptions that were required to complete the economic analysis, the
findings of the economic evaluation are insufficient on their own to inform practice. This study has shown
that diagnostic laparoscopy is more cost-effective than MRI, although the importance of extending the
time horizon and the cut-off point for the sensitivity and specificity of the tests has been demonstrated.

Strengths and limitations
Construction of an appropriate study designed to produce valid, reliable and generalisable results to guide
decision-making proved challenging from the outset. The challenges included, among others, the variation
in gynaecological practice, the multiplicity of target conditions with respect to the cause of CPP, the
incongruence between observed conditions and attribution of the cause to CPP symptoms, the lack of
consensus on radiology standards and the reporting of pelvic MRI for benign gynaecological conditions,
the need to blind MRI results to avoid bias in the assessment of their value and the lack of objective
reference standards for the various target conditions.
There is little evidence as to how diagnostic consensus panels should be operationalised. We piloted and
then used a standardised approach to minimise variation in delineation of the reference standard, involving
independent gynaecologists who provided the reference diagnosis for each case presented based on the
consensus achieved through reviewing the structured summaries or full accounts of all the data collected.
Understanding the difference between the presence of a condition and a target condition being the cause of
pain proved to be the main challenge. During the course of the panel assessments, we undertook formal
repeatability testing and found that the inter-rater agreement for assignment of gynaecological conditions as
causes of CPP was good or very good, though it was poor or moderate for non-gynaecological conditions.
The strength of this model-based economic analysis is that it has utilised contemporary data from the
MEDAL study and considered the cut-off point on the ROC curve to inform the optimum sensitivity and
specificity for each test. However, it was limited to a 6-month time horizon for the data collection and
does not capture the full long-term effects of successful testing and treatment for women with CPP.
This means that the full patient benefit of laparoscopy and MRI has perhaps not been considered.
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Implications for health care
Magnetic resonance imaging was dominated by laparoscopy in differential diagnosis of women presenting to
gynaecology clinics with CPP. It did not add value to information, already gained from history, examination
and ultrasound, about idiopathic CPP and various gynaecological conditions before considering a laparoscopy.
To realise the little value that MRI did show for a few conditions, such as endometrioma and deep-infiltrating
endometriosis, a value judgement about cost-effectiveness would have to be made, as the diagnostic gain
from performing a MRI scan comes tagged with additional costs.

Recommendations for further research
The evaluation of tests for differential diagnosis in care pathways targeting various conditions for
treatment requires methodological development (e.g. in areas of consensus science with respect to panel
member numbers, sample size of cases for reliability). For CPP, the development of diagnostic prediction
models incorporating biomarkers into baseline data may improve the use of diagnostic laparoscopy, but
research will first be required to determine objective diagnostic criteria for the various target conditions
and valid biomarkers for endometriosis.

Trial registration
This trial is registered as ISRCTN13028601.

Funding
Funding for this study was provided by the Health Technology Assessment programme of the National
Institute for Health Research.
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