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CONTRIBUTION
What are the novel findings of this work?
This is the first meta-analysis to evaluate the diagnostic
accuracy of transvaginal sonography for detecting
parametrial deep endometriosis. Visualization of a
lesion suspected to be parametrial deep endometriosis
on transvaginal sonography increased significantly the
post-test probability of parametrial deep endometriosis.
However, the number and quality of the included studies
were moderate.
What are the clinical implications of this work?
The findings of this systematic review highlight the
importance of assessing the parametrium in women with
suspected deep endometriosis, as well as the current limitations of such assessment. Further studies are necessary
to define more accurately the ultrasound criteria that
should be used for evaluating parametrial involvement, as
well as the technique and its reproducibility.

ABSTRACT
Objective To evaluate the accuracy of transvaginal
sonography (TVS) for detecting parametrial deep endometriosis, using laparoscopy as the reference standard.
Methods A search was performed in PubMed/MEDLINE
and Web of Science for studies evaluating TVS for
detecting parametrial involvement in women with

suspected deep endometriosis, as compared with
laparoscopy, from January 2000 to December 2020. The
Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) tool was used to evaluate the quality of
the studies. Pooled sensitivity, specificity and positive and
negative likelihood ratios for TVS in the detection of
parametrial deep endometriosis were calculated, and the
post-test probability of parametrial deep endometriosis
following a positive or negative test was determined.
Results The search identified 134 citations. Four studies,
comprising 560 patients, were included in the analysis.
The mean prevalence of parametrial deep endometriosis
at surgery was 18%. Overall, the pooled estimated
sensitivity, specificity and positive and negative likelihood
ratios of TVS in the detection of parametrial deep
endometriosis were 31% (95% CI, 10–64%), 98%
(95% CI, 95–99%), 18.5 (95% CI, 8.8–38.9) and 0.70
(95% CI, 0.46–1.06), respectively. The diagnostic odds
ratio was 26 (95% CI, 10–68). Heterogeneity was high.
Visualization of a lesion suspected to be parametrial deep
endometriosis on TVS increased significantly the post-test
probability of parametrial deep endometriosis.
Conclusion TVS has high specificity but low sensitivity
for the detection of parametrial deep endometriosis.
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INTRODUCTION
Transvaginal sonography (TVS) is the first-line imaging
technique for diagnosing deep endometriosis in several
locations of the pelvis1,2 , with different accuracies depending on the location3–6 . In 2016, a consensus opinion from
the International Deep Endometriosis Analysis (IDEA)
group was published, proposing standardized ultrasonographic characteristics of deep endometriosis in different
pelvic locations7 . A systematic four-step approach was
proposed for the examination of women with suspected
deep endometriosis, but sonographic evaluation of the lateral compartment (i.e. the parametrium) was not included
owing to the scarcity of studies on this topic at the time
of drafting the consensus.
However, from a surgical point of view, a parametrial
deep endometriotic lesion represents a severe form of disease that is frequently associated with ureteral stenosis and
requires complex, usually multidisciplinary, surgery with
a high risk of intra- and postoperative complications8–11 .
For these reasons, preoperative assessment of this compartment is desirable. According to the study of Exacoustos et al.12 , parametrial involvement is suggested when
infiltrating, irregular, hypoechogenic tissue extending laterally to the cervix or vagina can be seen on TVS.
To the best of our knowledge, no meta-analysis has
been published regarding the role of ultrasonography in
the diagnosis of deep endometriosis of the lateral compartment. The aim of the present systematic review was
to evaluate the diagnostic accuracy of TVS in detecting
parametrial deep endometriosis, using laparoscopy as the
reference standard.

METHODS
Protocol and registration
This systematic review and meta-analysis was performed
according to Synthesizing Evidence from Diagnostic Accuracy TEsts (SEDATE) guidelines and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement13,14 . All methods regarding inclusion/exclusion criteria, data extraction and quality assessment were specified a priori. The protocol did not require
registration, and institutional review board approval was
waived owing to the study’s nature and design.

Data sources and search
Two of the authors (I.G., L.M.) searched two electronic databases (PubMed/MEDLINE and Web of
Science) to identify potentially eligible studies published
between January 2000 and December 2020. The search
terms were as follows: ‘endometriosis’, ‘endometriotic’,
‘parametrium’, ‘parametrial’, ‘pelvic side wall’, ‘broad
ligament’, ‘ultrasound’, ‘sonography’ and ‘echography’.
No language restriction was set.
Although the terms ‘pelvic side wall’ and ‘broad
ligament’ are not synonyms for ‘parametrium’, we

decided to use these terms in the search strategy since
the parametrium is bordered laterally by the pelvic
wall15 and the broad ligament is related anatomically
to the parametrium at the level of the inferior
mesometrium16,17 .

Study selection and data collection process
Three authors (J.L.A., I.G., L.M.) screened the titles and
abstracts of identified articles in order to exclude those
that were irrelevant, i.e. studies not strictly related to
the topic of the review, such as those that used magnetic
resonance imaging (MRI) instead of ultrasound as the
diagnostic method or those that did not use laparoscopy
as the reference standard, reviews, letters to the editor and
case reports. The full texts of relevant articles were then
obtained, and the reviewers applied independently the following inclusion criteria: (1) prospective or retrospective
cohort study with at least 20 women included (sample size
was set arbitrarily); (2) participants were premenopausal
women with clinical suspicion of deep endometriosis;
(3) the index test was TVS performed by an expert
sonologist; (4) laparoscopy with or without pathological
correlation was used as the reference standard; and (5)
the reported data were sufficient to construct a 2 × 2
table of diagnostic performance as a minimum data
requirement.
Studies that assessed endometriosis involving the urinary tract were not considered for this meta-analysis. The
‘snowball strategy’ was used to identify potentially relevant papers from the reference lists of those selected for
full-text assessment. In cases of missing relevant data, we
sought to contact the authors to request this information.
The Patients, Intervention, Comparator, Outcomes,
Study design (PICOS) criteria were used to describe the
included studies. Diagnostic accuracy results and additional useful information about patients and procedures
were retrieved independently from the selected primary
studies by four of the authors (J.L.A., S.G., I.G., L.M.).
Disagreements in the process of study selection and data
collection were resolved by consensus among all the
authors.

Risk of bias in individual studies
Quality assessment was carried out using the Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) tool, adapted for use in this meta-analysis.
The QUADAS-2 tool includes four domains: (1) patient
selection; (2) index test; (3) reference standard; and
(4) flow and timing. For each domain, the risk of bias
and concerns regarding applicability were classified as
high, low or unclear. The results of quality assessment
were used for descriptive purposes to evaluate the overall
quality of the included studies and to investigate potential
sources of heterogeneity. Three authors (J.L.A., I.G.,
L.M.) assessed independently the methodological quality,
using a standard form with quality assessment criteria
and a flow diagram; disagreements were resolved by
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discussion to reach a consensus. The authors determined
the risk of selection bias based on the description of
the inclusion and exclusion criteria of the studies. The
descriptions of the technique for diagnosing affected
parametrium and its reproducibility provided in the
studies were assessed in order to classify the index-test
domain. For evaluation of the reference-standard domain,
the method that the study used to determine the presence
of deep endometriosis in the parametrium was assessed.
For evaluation of the flow-and-timing domain, the
description of the time elapsed between the index-test
assessment and the reference-standard result was
evaluated.

GRADE assessment
We used the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) methodology for
assessing the quality of the body of retrieved evidence.
The online GRADE tool was used (http://GRADEPro
.org; accessed 23 April 2021).
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RESULTS
Search results
A flowchart summarizing literature identification and
selection of studies is given in Figure 1. The electronic
search identified a total of 134 citations (121 in PubMed
and 13 in Web of Science). After removal of five duplicate
records, 129 citations remained. Of these, 120 were
excluded because they were a review (n = 22), a case
report (n = 37), a letter to the editor (n = 1), an opinion
(n = 1), a correspondence (n = 1) or were not relevant
(n = 58). We examined the full text of the remaining
nine articles. Three studies were selected12,19,20 and six
studies were excluded because deep endometriosis of the
parametrium was not assessed (n = 4) or no data were
available on the sensitivity of TVS for deep endometriosis
of the parametrium (n = 2). One additional relevant study
was identified from the references cited in the included
studies identified from the electronic search (snowball
technique)21 . Therefore, four studies were finally included
in the analysis12,19–21 . All included studies analyzed
the accuracy of preoperative TVS in the prediction of
parametrial involvement in women with suspected deep

Statistical analysis
Data on the diagnosis of parametrial involvement
performed using TVS were extracted or derived from the
included studies, considering the test to be positive when
infiltrating, irregular, hypoechogenic tissue extending
laterally to the cervix or vagina was observed, and
negative when those structures were completely free of
lesion. The reference standard was endometrial tissue
found in at least one resected lesion in the parametrium
or direct visualization of a deep endometriotic lesion in
the parametrium at laparoscopy.
The primary outcome was the pooled sensitivity, specificity and positive and negative likelihood ratios (LR+
and LR−) of TVS in the detection of parametrial deep
endometriosis. True-positive, true-negative, false-positive
and false-negative values were obtained from each study.
Post-test probabilities were calculated and plotted on
Fagan nomograms.
The presence of heterogeneity in sensitivity and
specificity was assessed graphically, by plotting forest
plots, as well as using Cochran’s Q statistic and the I2
index. Tests for heterogeneity examine the null hypothesis
that all studies are evaluating the same effect; P < 0.1
indicates heterogeneity. According to Higgins et al.18 , I2
values of 25%, 50% and 75% are considered to indicate
low, moderate and high heterogeneity, respectively.
A summary receiver-operating-characteristics (sROC)
curve was plotted to illustrate the relationship between
sensitivity and specificity.
Statistical analysis was performed using Metaanalytical Integration of Diagnostic Accuracy Studies
(MIDAS) and METANDI commands in Stata version
12 for Windows (StataCorp., College Station, TX,
USA). P < 0.05 was considered to indicate statistical
significance.

Records identified using
PubMed
(n = 121)

Records identified using
Web of Science
(n = 13)

Duplicate records
excluded
(n = 5)
Records screened after
exclusion of duplicates
(n = 129)
Excluded (n = 120):
Not relevant (n = 58)
Case report (n = 37)
Review (n = 22)
Letter to the editor (n = 1)
Opinion (n = 1)
Correspondence (n = 1)
Full-text articles assessed
for eligibility
(n = 9)
Full-text articles identified
by snowball technique
(n = 1)

Full-text articles excluded
(n = 6)

Studies included in
qualitative and quantitative
synthesis
(n = 4)

Figure 1 Flowchart summarizing selection of studies evaluating the
diagnostic accuracy of transvaginal sonography for parametrial
involvement in women with suspected deep endometriosis.
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endometriosis. There was no need to contact the authors
for any of the studies, as all relevant data to perform the
meta-analysis were available.

sonologists did not specifically describe the lesion as
being in the parametrium, instead referring to the pelvic
side wall19 or broad ligament21 . In three of the studies,
there was just one observer12,20,21 , while in the other
study19 , two different observers performed the ultrasound
examinations. In all four studies, the reference standard
was laparoscopic findings.
The interval between TVS and surgery was specified
in three of the studies. In one study12 , surgery was
performed within 3 months after ultrasound evaluation
and in another it was performed within 2 weeks21 . In the
other study, the mean interval between TVS and surgery
was 139 days (range, 1–385 days)20 .

Characteristics of included studies
Table 1 shows the PICOS characteristics of the four
included studies. The studies were published between
2013 and 2021 and reported on 560 patients. Among
these 560 patients, 110 had parametrial involvement at
laparoscopy, with or without pathological correlation.
When considering hemipelves as the unit of analysis, 1120
hemipelves were included, of which 126 had a lesion in the
parametrium diagnosed at laparoscopy, with or without
pathological correlation. The mean prevalence of deep
endometriosis of the parametrium at surgery was 17.5%
(range, 2.5–35.0%).
The mean age of the patients was reported in all
four studies12,19–21 . Two studies were observational
prospective studies and two were retrospective. Two of
the studies were multicenter12,19 . None of the four studies
specified whether patient recruitment was consecutive.
The method for diagnosing parametrial involvement
was the presence of an echogenic tissue area extending
laterally to the cervix or vagina on TVS performed
by an expert sonologist. However, in two studies, the

Methodological quality of included studies
The results of the evaluation of the risk of bias and
concerns regarding applicability of the included studies,
according to the QUADAS-2 tool, are summarized in
Figure 2. Two studies were considered to have a high risk
for patient selection bias12,21 . In one of these studies, only
patients who were scheduled to undergo surgery were
included21 and the authors selected retrospectively only
those sonographic examinations that were performed by
a radiologist who was highly experienced in gynecological
imaging. In the second study, patients without deep

Table 1 Characteristics of studies included in systematic review evaluating the diagnostic accuracy of transvaginal sonography (TVS) for
detecting parametrial involvement in women with suspected deep endometriosis, according to PICOS criteria

Study

Study
design

Holland (2013)19
Exacoustos (2014)12
Yin (2020)21
Bazot (2021)20

Prospective
Prospective
Retrospective
Retrospective

Multicenter

Consecutive
patient
selection

Mean
age
(years)

Patients
(n)

Hemipelves
(n)

Parametrium
affected
(n/N)

Yes
Yes
No
No

NS
NS
NS
NS

35
35.6
35.4
33

198
104
198
60

396
208
396
120

13/396
61/208
10/396
42/120

Index
test

Observers
(n)

Reference
standard

Surgeons
blinded

2
1
1
1

LPS only
LPS + P
LPS*
LPS + P

Yes
No
NS
No

TVS
TVS
TVS
TVS

Only first author of each study is given. *Study did not specify whether diagnosis was confirmed by pathological correlation (P). LPS,
laparoscopy; NS, not stated; PICOS, Patients, Intervention, Comparator, Outcomes, Study design.
QUADAS-2 domain
Flow and timing

Reference standard

Index test

Patient selection
0

20

40

60

80

Percent of studies with low, high
or unclear risk of bias

100

20

0

40

60

80

100

Percent of studies with low, high or
unclear concerns regarding applicability

Figure 2 Summary of quality assessment (risk of bias and concerns regarding applicability) for studies included in the meta-analysis,
according to the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) tool. , low risk; , high risk; , unclear risk.
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endometriosis observed on ultrasound were excluded12 .
The designs of these two studies could increase the
number of false positives owing to patients with more
severe disease, according to either ultrasound diagnosis
or requirement for surgery, being included. Regarding the
inclusion criteria, all studies included patients with clinical
suspicion of deep endometriosis (mainly owing to chronic
pelvic pain, dysmenorrhea, dyspareunia, dyschezia or
dysuria) with or without a history of endometriosis,
who underwent operative laparoscopy for this reason.
Regarding the exclusion criteria, three studies12,20,21 did
not state an age limit, while the other study19 required
patients to be at least 16 years old and premenopausal.
All patients in the four studies underwent a TVS scan,
with patients who could not undergo TVS excluded
specifically in one study20 . Two studies19,21 excluded
specifically women who became pregnant while awaiting
surgery.
For the index test, only two studies described correctly
and adequately the characteristics that they considered
to indicate parametrial involvement and were therefore
considered low risk12,20 . One study was considered
to have an unclear risk, as the characteristics were
not described appropriately19 . The remaining study
was considered high risk because the parametrium
was specified as the broad ligament without describing
identification of the structure21 . In all studies, the
TVS examination was performed at any phase of the
menstrual cycle, regardless of hormonal therapy, and
the examiners had a high level of expertise12,19–21 or
had received professional training21 . In two of the
studies20,21 , the examiners were blinded to the findings
from the physical examination and previous imaging
examinations.
Concerning the flow-and-timing domain, the time
elapsed between the index test and the reference standard
was reported in three of the four studies, which were
therefore considered as low risk12,20,21 . The remaining
study had an unclear risk, as it did not specify the time
interval19 .
Study

For the reference test, the diagnostic performance of
direct or indirect ultrasound criteria was evaluated with
respect to its correlation with surgical findings. In all the
studies, the surgeons had extensive experience in radical
laparoscopic resection of deep endometriosis. Two of the
four studies12,20 selected women who underwent surgery
followed by pathological biopsy correlation and were
therefore considered low risk. One study was considered
to have an unclear risk, as it did not specify whether the
diagnosis was confirmed by pathological correlation21 .
In the other study19 , confirmation was obtained only by
surgery and it was therefore considered high risk.
Regarding applicability, all studies were deemed to
include patients that matched the review question. For
the index-test domain, all four studies were considered to
have low concerns for applicability, as the index test was
described sufficiently for study replication. All studies
presented low concerns regarding the reference-standard
domain.

Diagnostic accuracy of TVS for deep endometriotic
parametrial involvement
The overall sensitivity and specificity of TVS were evaluated in all studies to determine the pooled sensitivity,
specificity, LR+ and LR− of TVS in diagnosing deep
endometriosis of the parametrium. The respective
values were 31% (95% CI, 10–64%), 98% (95% CI,
95–99%), 18.5 (95% CI, 8.8–38.9) and 0.70 (95% CI,
0.46–1.06) (Figure 3). The diagnostic odds ratio was 26
(95% CI, 10–68). Heterogeneity was high for both sensitivity (Cochran’s Q = 31.39, P < 0.001; I2 = 90.44%)
and specificity (Cochran’s Q = 22.04, P < 0.001;
I2 = 86.39%). The 95% CI was wide for sensitivity but
acceptable for specificity. Despite finding high heterogeneity, meta-regression was not used owing to the limited
number of studies. The sROC curve is shown in Figure 4;
the area under the curve was 0.94 (95% CI, 0.92–0.96).
The Fagan nomogram showed that a positive result
on TVS in women with suspected deep endometriosis
Study

Sensitivity (95% CI)

Specificity (95% CI)

Bazot (2021)20

0.33 (0.20–0.50)

Bazot (2021)20

0.99 (0.93–1.00)

Yin (2020)21

0.10 (0.00–0.45)

Yin (2020)21

1.00 (0.99–1.00)

Exacoustos (2014)12

0.74 (0.61–0.84)

Exacoustos (2014)12

0.94 (0.89–0.97)

Holland (2013)19

0.15 (0.02–0.45)

Holland (2013)19

0.98 (0.96–0.99)

Combined

0.31 (0.10–0.64)

Combined

0.98 (0.95–0.99)

Q = 31.39, df = 3.00, P < 0.001

Q = 22.04, df = 3.00, P < 0.001

I2 = 90.44% (82.71–98.18%)
0.8

0.0
Sensitivity

I2 = 86.39% (74.30–98.47%)
1.0

0.9
Specificity

Figure 3 Forest plots of sensitivity and specificity of transvaginal sonography in the detection of parametrial involvement in women with
suspected deep endometriosis.
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DISCUSSION
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Summary of evidence
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30
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10
7
5
3
2
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1
0.7
0.5

99.9

0.1

Figure 6 Funnel plot for assessment of publication bias in studies
evaluating the diagnostic accuracy of transvaginal sonography for
detecting parametrial involvement in women with suspected deep
, regression line; Deeks’ funnel plot
endometriosis. , study;
asymmetry test P = 0.44. ESS, effective sample size.

increased significantly the post-test probability of deep
endometriotic parametrial involvement, from 18% to
79%, while a negative test decreased the post-test
probability only slightly, from 18% to 13% (Figure 5).
No publication bias was observed (Figure 6).

Post-test probability (%)

Pretest probability (%)

5
7
10

LR
1000
500
200
100
50
20
10
5
2
1
0.5
0.2
0.1
0.05
0.02
0.01
0.005
0.002
0.001

1000

Diagnostic odds ratio

Specificity

Figure 4 Hierarchical summary receiver-operating-characteristics
) for transvaginal sonography in detecting parametrial
curve (
involvement in women with suspected deep endometriosis. , study
, 95% prediction region;
,
estimate; , summary point;
95% confidence region.

100

0.3
0.2

Figure 5 Fagan’s nomogram for transvaginal sonography (TVS) in
detecting parametrial involvement in women with suspected deep
endometriosis. The prior probability was 18%. The post-test
; positive
probability was 79% following a positive TVS result (
likelihood ratio (LR) of 19) and 13% following a negative TVS
; negative LR of 0.70).
result (

In this meta-analysis, we observed that the diagnostic
performance of TVS for deep endometriotic parametrial
involvement in women with suspected deep endometriosis
was moderate, with a pooled sensitivity of 31% and a
pooled specificity of 98%.

Interpretation of results
Parametrial deep endometriosis can be associated with
infiltration of the ureters and represents a critical factor for
the complexity of the surgery and perioperative morbidity
in women with deep infiltrating endometriosis requiring
surgery11,15,22 . Preoperative assessment of parametrial
involvement is important for optimizing preoperative
counseling and informed consent (with regard to the
risk of postoperative bladder dysfunction), as well as
ensuring that expert surgeons are involved during the
surgery15 . Moreover, Touboul et al.23 emphasized that the
ureteral path running through the parametrium represents
a surgical risk factor, with an increased incidence of injury
to the lower urinary tract.
Despite the substantial impact of parametrial deep
endometriosis, only a few studies have evaluated its
diagnosis, prevalence and clinical features12,19–21 . Even
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in the most recent consensus opinion from the IDEA
group, which presents a systematic approach to the
sonographic evaluation of the pelvis in women with
suspected endometriosis, parametrial involvement is not
mentioned7 . Our data confirm the limited number of
studies addressing the diagnostic accuracy of ultrasound
for parametrial involvement in women with suspected
deep endometriosis. In addition, the studies included in
this meta-analysis were heterogeneous and of moderate
quality.
Our results reveal that TVS has high specificity but
low sensitivity for the detection of parametrial deep
endometriosis. Data on parametrial involvement in other
clinical situations, such as in cervical cancer, have also
been reported. A recent meta-analysis reported that the
diagnostic accuracy of ultrasound for parametrial involvement in cervical cancer was moderate (sensitivity, 0.78;
specificity, 0.96) and comparable with the performance
of MRI (sensitivity, 0.70; specificity, 0.93)24 .
Although we did not include in our meta-analysis
studies assessing the role of MRI in detecting parametrial
involvement in deep endometriosis, reports have shown
that MRI has good diagnostic performance, with higher
sensitivity than that of ultrasound reported in this
meta-analysis25 . There is therefore substantial room for
improvement in the performance of ultrasound diagnosis,
particularly in its sensitivity for parametrial involvement
in the context of deep endometriosis.
These issues in the sonographic evaluation of parametrial involvement in women with suspected deep
endometriosis prompt the need to: (1) standardize the
exploratory technique, which provides a method for clear
visualization of deep endometriotic parametrial lesions;
(2) establish common terminology for describing the
anatomy on imaging and at surgery in order to overcome discrepancies in clinical and research settings and to
explain how to diagnose accurately the presence of lesions
in the parametrium; (3) investigate the reproducibility of
sonographic evaluation of the parametrium; and (4) assess
the learning curves of trainees during a structured offline
or hands-on training program for the ultrasonographic
diagnosis of parametrial involvement.

Strengths and limitations
The strength of this meta-analysis resides in the fact that,
to the best of our knowledge, it is the first meta-analysis to
analyze specifically the diagnostic accuracy of ultrasound
for deep endometriotic parametrial involvement.
Several limitations of this meta-analysis should be
considered. We believe that the main limitation is the
small number of included studies. Two of the included
studies used alternative terminology for the parametrium
(‘pelvic side wall’ and ‘broad ligament’, respectively),
and it is unclear how to define accurately deep
endometriotic parametrial involvement on ultrasound.
Furthermore, diagnosing accurately deep endometriotic
parametrial involvement is highly dependent on the
examiner’s skills and experience, and we should take
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into account that not all examiners have high experience
in ultrasound26 . Similarly, the reported prevalence
of parametrial involvement at laparoscopy may vary
depending on the surgeon’s skills. Although the included
studies stated that surgery was performed by experienced
surgeons, most did not give details of how thoroughly
the parametrium had been evaluated surgically, and we
therefore cannot assume that the abdominal cavity was
inspected properly.

Conclusions
Parametrial involvement in women with deep endometriosis is an occult and not uncommon condition that reflects
a more severe manifestation of the disease and requires
more aggressive surgery. Patients should be evaluated
thoroughly and counseled properly during the preoperative examination, taking into account the significant
associated morbidity, particularly regarding pelvic organ
dysfunction. A prospective study establishing a standardized examination technique and precise anatomical
terminology would be useful for assessing the actual diagnostic accuracy of ultrasound for parametrial involvement
in women with suspected deep endometriosis.
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