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Abstract
The usefulness of a test is determined by the clinical interpretation of its sensitivity and specificity. The pitfalls
of a test with a surgical endpoint are described in this article, taking the diagnosis of deep endometriosis by
imaging as an example, without discussing the management of deep endometriosis. Laparoscopy is not a 100%
accurate “gold standard”. Since it is not performed in women without symptoms, results are valid only for
the group of women as specified in the indication for surgery. The confidence limits of accuracy estimations
widen when accuracy is lower and when observations are less. Since positive and negative predictive values are
inaccurate when prevalence of the disease is low, prevalence figures in the group of women investigated should
be available. The accuracy of imaging should be stratified by clinically important aspects such as localisation
and size of the lesion. The use of other variables as soft markers during ultrasonographic examination should
be specified. It should be clear whether the accuracy of the test reflects symptoms and clinical examination and
imaging combined, or whether the accuracy of the added value of imaging which requires Bayesian analysis.
When imaging is used as an indication for surgery, circular reasoning should be avoided and the number of
symptomatic women not undergoing surgery because of negative imaging should be reported. In conclusion,
imaging reports should permit the clinician to judge the validity of the accuracy estimations of a diagnostic test,
especially when used as an indication for surgery and when surgery is the gold standard to diagnose a disease.
Key words: Deep endometriosis, sensitivity, Bayesian, specificity, test accuracy.

Introduction

The accuracy of a diagnostic test is defined by its
sensitivity and specificity (Mallett et al., 2012;
Šimundić, 2009). Sensitivity is the percentage of
women who have the disease and are diagnosed
by the test as having the disease. Specificity is the
percentage of women who do not have the disease
and are diagnosed as not having the disease (Fig 1).
The calculation of sensitivity and specificity thus
requires that it is known who has the disease. This
needs a 100% accurate “gold standard to make the
diagnosis. Clinically, sensitivity and specificity are

difficult to translate into decision making. What is
clinically important is the probability that somebody
with a positive or negative test indeed has or does
not have the disease. These are the positive predictive
value (PPV) and negative predictive value (NPV)
respectively.
The accuracy and the clinical interpretation of a
diagnostic test is complicated when used before
surgery, and when surgery is needed to confirm
the diagnosis. These potential pitfalls of a
diagnostic test will be discussed, taking imaging
of deep endometriosis as an example. Imaging of
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Figure 1: Accuracy of a test. Women with the disease are indicated in red and those
without the disease in green. Women with the disease and diagnosed by the test are
the true positives (TP); those with a negative test are the false negatives (FN). Women
without the disease and a negative test are the true negatives (TN), those with a
positive test are the false positives (FP). Sensitivity and specificity thus deal with the
population. Sensitivity is the percentage of women with the disease that are diagnosed
as having the disease and specificity is the percentage of women who do not have the
disease and diagnosed as not having the disease. Positive predictive value (PPV) and
negative predictive value (NPV) deal with the test result, and describe the probability
that a positive or negative test predicts as to whether a person has or does not have
the disease respectively.

endometriosis estimates the presence, localisation,
and dimension of deep endometriosis lesions together
with information such as adhesions and ureteral
involvement. This information is used together with
other clinical information such as history, symptoms,
clinical exam and eventually other tests in clinical
decision making when deciding whether to perform
surgery, which surgery will be performed, to plan
surgery and to discuss informed consent (Deslandes
et al., 2020).
The clinical management of deep endometriosis
is much more complex than the diagnostic accuracy
of imaging and is outside the scope of this article.
Clinical decision making and management are
based on a combination of all the information
available. In addition, interpretation is guided by
experience. Therefore, medicine is considered an
art, which is difficult to translate into diagnostic
algorithms which can be handled by computers. It
is complex and poorly understood how the human
brain, rightly or wrongly, combines information and
how the relative importance of symptoms, clinical
exams and a series of tests are handled together
with the age, sex, history, circumstances and other
diseases (Banning, 2007). This clinical complexity is
apparent when we consider that the clinician needs
to take decisions in the individual patient, especially
where the randomised clinical trials are known to
be poorly suited for rare diseases and multimorbidity
(Greenhalgh et al., 2014). Many clinical decisions
are therefore often an educated guess based on all
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available scientific information which does rarely
reflect the complexity of the individual patient.
Reports on the accuracy of a diagnostic test, with
imaging of deep endometriosis as an example, do
not always contain all the information required for a
correct clinical interpretation. To help both the
authors and the clinicians, we will discuss which
information should be provided.
Absence of a gold standard for the diagnosis of
deep endometriosis
Histology, using the definition of endometriosis as
‘endometrium like glands and stroma outside the
uterus’(Sampson, 1925) can confirm the presence of
endometriosis-like cells, but is not useful as a gold
standard for the diagnosis of endometriosis in general
and deep endometriosis in particular. Although the
discussion whether endometriosis is one or several
diseases (Koninckx et al., 2019) is beyond the scope
of this article , pathology cannot always differentiate
between subtle, typical, cystic and deep endometriosis,
and the absence of pathological confirmation does
not exclude endometriosis. Especially for subtle
lesions, the confirmation by pathology varies with
the technique of biopsy taking and of the processing
of these tiny samples, as well as the number of slides
evaluated. For deep endometriosis, pathology cannot
differentiate between the overlapping populations of
slightly deeper typical lesions and deep endometriosis
(Koninckx et al., 2019). Routine pathology is not

suited to evaluate the size, localisation and depth
of bowel infiltration, although clinically important
for the severity of symptoms and for the difficulty,
complication rate and type of surgery which varies
from conservative excision to bowel resection
(Koninckx et al., 2012).
The laparoscopic diagnosis is considered the
gold standard (Machairiotis et al., 2013; Sparić, et
al., 2011). However, the diagnostic accuracy varies
with the expertise and interests of the surgeon. Also,
laparoscopy has difficulty in differentiating between
deeper typical lesions, fibrotic plaques and deep
endometriosis. In addition, lesions can be missed
when located deep under the peritoneal surface,
in the upper abdomen or in the sigmoid. Depth of
bowel infiltration can only be evaluated accurately by
pathology of the bowel resection specimen. Depth of
infiltration cannot be judged exactly before surgery or
during conservative surgery. The imaging diagnosis
of endometriosis before surgery therefore should
be evaluated as a test with extreme verification bias
since women without symptoms will not undergo a
laparoscopy. In addition, the combined accuracy of
the symptoms together with the clinical exam and
imaging should be estimated with Bayesian inference
to evaluate the value of each factor separately
(Broemeling, 2011). Similarly, the diagnostic
accuracy of a test measuring the depth of bowel
wall invasion before surgery should be evaluated as
a test with extreme verification bias, since a bowel
resection with pathological examination will not be
performed in all women. Unfortunately, the required
statistical models to estimate the accuracy of tests
with several verification biases (such as laparoscopy
not being performed in asymptomatic women and
not all endometriosis lesions being recognised during
laparoscopy) are not yet developed and widely
available. Clinically we should realise the potential
bias that stricter criteria to limit surgery to women
with more severe pain and bigger nodules, resulting
in an apparent overestimation of sensitivity and
specificity of imaging.
What is the accuracy of imaging for the diagnosis
of deep endometriosis and what is its predictive
value?
The sensitivity and specificity of a diagnostic test
are independent of the number of observations and
of the prevalence of the disease in the population.
The precision of the estimations of sensitivity and
specificity increases with the number of observations,
but decreases when sensitivities and specificities are
lower (Figure 2). Therefore it is important to consider
confidence intervals of the estimations, e.g. 95%
confidence intervals of sensitivity are the sensitivity

Figure 2: Precision of the sensitivity and specificity estimations
increases with the number of observations but decreases when
sensitivity or specificity is lower. Confidence intervals are
plotted for specificities between 80% and 98% when 30 or 100
samples are investigated respectively.

±√sensit(1 − sensit)/n ) (Harper and Reeves, 1999). It
is important to realise that the 95% confidence limits
of a test with 90% sensitivity and 100 observations
range from 84% to 96%.
Sensitivity and specificity are difficult to translate
into clinical decision making. The clinician
needs to know when or in what percentage a
positive or negative test predicts that somebody
does (the PPV) or does not (the NPV) have the
disease. However, PPVs and NPVs are strongly
influenced by the prevalence of the disease (Fig 3).
According to the Bayes’ theorem of conditional
probabilities, the PPV=(sensitivity*prevalence)/
(sensitivity*prevalence + (1-specificity)*(1prevalence)). As an example, a test with 90%
sensitivity and 90% specificity will have a 90%
PPV if the prevalence of the disease is 50% in the
sampled population. Indeed, in 100 people with the
disease, 90 true positives will be found, whereas in
100 people without the disease 10 false positive
will be found, or a PPV of 90% correctly diagnosed
in the 100 positive tests. If the prevalence of the
disease is only 1% the PPV drops to 8.2%. In 100
people with the disease 90 are correctly diagnosed,
but in the 10,000 without the disease 1000 false
positives are found. Even an excellent test with a
99% sensitivity and 99% specificity for a disease
with a prevalence of 1% will generate as many true
positives as false positives, or a PPV of 50%. This
problem is well known but not always taken into
account during screening tests, which require a very
high level accuracy to avoid too many false positives.
Sensitivity and specificity are inter-linked, and
sensitivity increases when specificity decreases and
vice versa. For numerical endpoints this is obvious
from the Receiver Operator Characteristic curves
(ROC). Also, for qualitative tests that need judgment
and operator experience as for imaging, a more
liberal interpretation to diagnose deep endometriosis
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imaging is generally performed taking into account
the clinical examination and symptoms, and that
the reported accuracies thus reflect the combined
accuracies (Hudelist et al., 2011a; Hudelist et al.,
2011b; Hudelist et al., 2009a; Hudelist et al., 2009b).
In the absence of a conditional Bayesian analysis,
the accuracy of each individual factor cannot be
estimated. The importance of deep endometriosis
imaging with a silent ureteral obstruction in
otherwise asymptomatic women is clinically
obvious but requires Bayesian analysis to quantify.
Figure 3: Positive predictive values decrease when the
prevalence of the disease decreases and when sensitivity and
specificity of the test is less.

will increase the number of affected women who are
diagnosed. However, this will unavoidably result in a
higher number of false positives.
Considering that the accuracy of imaging to
diagnose deep endometriosis is rarely evaluated as
a test with extreme verification bias (Broemeling,
2011), the reported specificities and sensitivities
are valid only for the group of women undergoing
a laparoscopy. Since it is unethical to perform
laparoscopy in asymptomatic women, the prevalence
of disease in the entire population remains unknown.
However, the indications for a laparoscopy are
variable: pain and other symptoms vary from mild to
severe as does the duration of infertility. In addition,
the results of imaging contribute to the decision of
whether to perform a laparoscopy or not. Diagnostic
confidence (Saba et al., 2019) was introduced to
address this problem but diagnostic confidence
fails to take into account incorrect diagnoses (Ng
and Palmer, 2007). Only recently sequential and
incremental testing has been evaluated using
conditional Bayesian analysis (Chen and Hwang,
2019; Chen, et al., 2019; Hwang and Chen; 2015).
Bayesian inference reflects clinical practice if we
first consider symptoms, clinical examination and
background data (heredity, age, weight etc.) to
decide which tests e.g. imaging, will be performed,
and if thereafter we decide about the further tests,
one of them being a diagnostic laparoscopy. In a
previous analysis which considered imaging as
an incremental test to diagnose the presence of
endometriosis, clinical signs and symptoms were
found to be the most important predictive factors
(Chen et al., 2019). However, this conclusion should
be considered with caution, since the analysis
did not take into account different the sizes and
localisations of deep endometriosis, and since the
data did not permit the evaluation of asymptomatic
women. Clinically important today is that ultrasound
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How to use a diagnostic test of deep endometriosis
is a clinical decision
It is a clinical decision how to integrate the results
of the imaging of deep endometriosis with all
other information (Banning, 2007). In addition,
the clinical decision to do surgery varies not only
with the estimated probability of the diagnosis,
but also with the experience of the surgeon, the
clinical strategy, the estimated invasiveness of the
disease and risk of complications. Since difficulty
of surgery and risk of complications vary with
size and localisation (Working group of ESGE/
ESHRE/WES, 2020) the accuracy of imaging
need to be stratified by size and localisation. These
considerations emphasise the complexity of clinical
decision making. We should realise that this
complexity is not yet reflected in the mathematical
analysis of clinical signs and symptoms and
incremental diagnostic tests for diseases with a
verification basis (Chen et al., 2019).
Other aspects are important to decide how to use
the accuracy of imaging for deep endometriosis.
First it should be clear whether, when and how
the results of imaging are used in the decision
of whether to perform a laparoscopy. The more
weight imaging has, the higher the risk of circular
reasoning. Second, reported imaging accuracies are
generally obtained in tertiary endometriosis referral
centres, which have a much higher prevalence of
the disease and thus much higher PPVs, than
secondary care hospitals. In such referral centres
the prevalence of deep endometriosis will often
be over 50%, in contrast with a few percent in the
population. A test with a sensitivity and specificity
of 90% will thus have a PPV of 90% in referral
centres, but less than 10% if done in routine practice
with a 1% prevalence. The same positive imaging
test with 90% sensitivity and specificity for
endometriosis thus predicts the disease in referral
centres in 9/10 women, but only in 1/10 in nonspecialised centres. This bias in the literature risks
resulting in inadequate decision making if the PPV
of a diagnostic test obtained in referral centres is

not updated for the local situation. Third we should
realise the huge volume of data which will be
required to estimate accuracies of imaging stratified
by localisation and size. Stratification will indeed
unavoidably decrease the prevalences of each type
of lesion and thus lower the PPVs.
Imaging has an important role in the management
of deep endometriosis (Alio et al., 2019).
The considerations of precision of accuracy
estimations, of predictive values and prevalences,
of lack of reported accuracies stratified by size and
localisation will hopefully help to understand and
integrate at the conscious level the complexity of
clinical decision making. Imaging is moreover also
used for many other purposes than the diagnosis of
deep endometriosis. Transvaginal ultrasound does
not only take into account the direct visualisation of
endometriosis lesions, it also uses indirect signs or
’soft markers’ such as site-specific tenderness and
organ mobility (Guerriero et al., 2016; Hudelist
et al., 2013), which are subjective and difficult to
quantify. In addition, the ultrasonographist is rarely
blinded to the clinical symptoms. Unfortunately,
it is rarely clear to what extent soft markers
contribute to the final diagnosis (Deslandes et al.,
2020). In referral centres the feedback between
ultrasonographists and surgeons will also refine the
use of these soft markers.
Misuse of statistics for clinical diagnosis and
decision making
It must be stressed that the value of a diagnostic
test is limited to its specificity and sensitivity, and
derived estimations as likelihood ratios. Other
statistical outcomes such as significant differences
and correlations are important research tools to
understand mechanisms. However, this data should
not be used for clinical decision making unless
validated as a test with a predictive value. As an
example, men are significantly taller than women,
but height is a poor predictor of sex. That a drug
significantly improves patient outcomes does not
permit to conclude that this is clinically useful since
minimal but clinically insignificant differences
become statistically significant when the numbers
are high enough. In addition, many medical
diagnoses and decisions are multifactorial, and
the clinician takes into account the many variables
such as antecedents, BMI, other diseases and rare
events. However, most of these many variables
are individually rarely significant. Similarly,
significances of rare events are difficult to calculate
because of the prohibitively large numbers required.
Discussion

Accuracy of preoperative imaging of deep
endometriosis must be stratified by size and
localization since they predict surgical difficulty and
complications, as demonstrated by the ENZIAN
classification (Keckstein, 2017; Working group of
ESGE/ESHRE/WES, 2020). To interpret clinically
the predictive value of imaging, reports should
specify the prevalence of lesions stratified by size
and localisation in the population investigated.
We can anticipate that the higher prevalence in
referral centres will result in higher PPV and
NPVs than in routine hospitals. The authorsof this
article, themselves ultrasonographists estimate
a prevalence of around 50% in symptomatic and
referred women. Sensitivities and specificities
of over 90% thus result in PPVs of over 90% in
referral centres.
Reports of accuracy estimations of a test or
imaging should permit their clinical interpretation
(Table I). Precision of accuracy estimations should
be reported since confidence limits are much wider
when sensitivity and specificity are lower. To judge
the PPV and NPV the prevalence of the disease in
the population investigated is required. It should
be clear whether the test estimates the accuracy of
imaging in women in whom the decision to perform
a laparoscopy was already taken clinically, or
whether the test estimates the combined accuracy
of signs and symptoms and imaging. In future,
conditional Bayesian incremental analysis should
be done the estimate the value of each parameter.
However, this will require much more detailed
information on the severity of signs and symptoms
and examinations and imaging. The indications
to perform a laparoscopy or surgery should be
reported in detail since they may vary considerably
even between dedicated groups and since the
reported accuracies are valid only for this specific
indication to perform surgery. The complexity is
obvious when considering that as a rule surgery
is not performed in asymptomatic women but is
mandatory in women with silent ureter obstruction
(Muthuppalaniappan et al., 2016). In addition, it
should be explained how imaging is used during
surgery e.g. to look for deep endometriosis which
is not visible by inspection, palpation such as deep
lesions around somatic nerves, or multiple bowel
lesions. Without exploration, lesions will be missed
resulting in false positives. Also, the variable use
of soft markers should explicitly be stated, and
nodules should be stratified by size and localisation.
The diagnostic accuracy of ultrasound imaging
and magnetic resonance imaging (MRI) are often
compared (Bazot and Darai, 2017). However, this
has become a rather academic discussion. Due to
the low cost and less invasiveness of ultrasound,
which is often used for many other indications in
gynaecology, ultrasound imaging has widely become
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Table I. – Important elements to judge the diagnostic accuracy of imaging of deep endometriosis.

1. The number of women investigated is needed to estimate precision of accuracy estimations.
2. The prevalence of the disease in the population investigated is needed to estimate PPV.
3. It should be clear which accuracy of imaging is estimated in women undergoing a
laparoscopy
Either the combined accuracy of imaging and symptoms and clinical exam
Or the accuracy of imaging when the decision to do a laparoscopy is taken
because of symptoms and clinical exam
Or the added value of imaging besides symptoms and clinical exam.
This requires conditional Bayesian inference
4. Since surgery is not performed in all women, the indication for surgery should be clear.
a. If imaging is not used in the indication for surgery, imaging results are valid for the
group with a clinical indication for surgery only. Interesting would be to know the
number of women with positive imaging not undergoing surgery.
b. If imaging is used as an indication for surgery, the test accuracy is valid for this group.
It would be nice to know the number of symptomatic women not undergoing surgery
because of a negative imaging.
5. It should be specified how imaging is used during surgery, eg to explore invisible lesions
6. The use of soft markers
7. Accuracy should be stratified for size and localisation of lesions.

part of the clinical examination. For MRI, the question
therefore has become: ‘ what is the added value of
MRI when the clinical signs and symptoms and the
ultrasound evaluation are known?’ Especially for
deep endometriosis around larger somatic nerves, or
deep in the parametrium, this becomes an important
question, but this will require a Bayesian analysis of
the added value of MRI.
Although highly likely that preoperative imaging
influences surgical intervention, there is a paucity
of data on this . This is not surprising since the
analysis of the use of imaging in deciding whether
to do surgery, which in addition will verify the
diagnosis, explains that this is difficult to do.
It might even be considered unethical not to use
information of imaging when available. In addition,
we should realise that using imaging to decide
about the type of surgery is circular reasoning,
which might become a self-fulfilling prophecy.
It is unclear whether more advanced Bayesian
inference using conditional probabilities can solve
this problem. This again emphasises the complexity
of surgical decision making.
Conclusion
As an overall conclusion, imaging has become a
clinically integral part of endometriosis management,
notwithstanding the many pitfalls of its diagnostic
accuracy. Imaging also helps to judge the extent
of disease, adhesions and bowel infiltration which
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are useful to predict the duration and difficulty of
surgery. It is unclear how negative imaging results
should be used as an indication for not performing
surgery. These problems of the accuracy estimation
of imaging of deep endometriosis illustrate the
complexity of medical decision making, something
which is poorly reflected in the sensitivities and
specificities of a test. Moreover, these observations
are not limited to imaging of deep endometriosis,
but are applicable for all tests with surgery as an
endpoint.
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