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What are the novel findings of this work?
This is the first systematic review and meta-analysis
to focus specifically on studies assessing the diagnostic
performance of the sliding sign on transvaginal ultrasound
for detecting bowel involvement in women with suspected
pelvic endometriosis. This study also provides up-to-date
evidence regarding the diagnostic performance of the
sliding sign for detecting pouch of Douglas obliteration.

What are the clinical implications of this work?
Given its good diagnostic performance, evaluation of
the sliding sign using ultrasound should be imple-
mented to assess for pouch of Douglas obliteration and
bowel involvement in patients with suspected pelvic
endometriosis.

ABSTRACT

Objective The aim of this systematic review and meta-
analysis was to evaluate the diagnostic accuracy of the
sliding sign on transvaginal ultrasound (TVS) in detecting
pouch of Douglas obliteration and bowel involvement in
patients with suspected endometriosis, using laparoscopy
as the reference standard.

Methods A search for studies evaluating the role of
the sliding sign in the assessment of pouch of Douglas
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obliteration and/or bowel involvement using laparoscopy
as the reference standard published from January 2000 to
October 2021 was performed in PubMed/MEDLINE,
Web of Science, CINAHL, The Cochrane Library,
ClinicalTrials.gov and SCOPUS databases. The Qual-
ity Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) was used to evaluate the quality of the
studies. Analyses were performed using MIDAS and
METANDI commands in STATA.

Results A total of 334 citations were identified. Eight
studies were included in the analysis, resulting in 938
and 963 patients available for analysis of the diagnostic
accuracy of the sliding sign for pouch of Douglas
obliteration and bowel involvement, respectively. The
mean prevalence of pouch of Douglas obliteration was
37% and the mean prevalence of bowel involvement
was 23%. The pooled estimated sensitivity, specificity,
positive likelihood ratio, negative likelihood ratio and
diagnostic odds ratio of the sliding sign on TVS for
detecting pouch of Douglas obliteration were 88%
(95% CI, 81–93%), 94% (95% CI, 91–96%), 15.3
(95% CI, 10.2–22.9), 0.12 (95% CI, 0.07–0.21) and
123 (95% CI, 62–244), respectively. The heterogeneity
was moderate for sensitivity and low for specificity for
detecting pouch of Douglas obliteration. The pooled
estimated sensitivity, specificity, positive likelihood ratio,
negative likelihood ratio and diagnostic odds ratio of
the sliding sign on TVS for detecting bowel involvement

© 2022 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd SYSTEMATIC REVIEW
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.

 14690705, 2022, 4, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/uog.24900 by U

niversidad de N
avarra, W

iley O
nline L

ibrary on [14/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-9700-0853
https://orcid.org/0000-0001-5095-6981
https://orcid.org/0000-0002-1359-7155
http://ClinicalTrials.gov
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were 81% (95% CI, 64–91%), 95% (95% CI, 91–97%),
16.0 (95% CI, 9.0–28.6), 0.20 (95% CI, 0.10–0.40) and
81 (95% CI, 34–191), respectively. The heterogeneity
for the meta-analysis of diagnostic accuracy for bowel
involvement was high.

Conclusion The sliding sign on TVS has good diagnostic
performance for predicting pouch of Douglas obliteration
and bowel involvement in women with suspected
endometriosis. © 2022 The Authors. Ultrasound in
Obstetrics & Gynecology published by John Wiley &
Sons Ltd on behalf of International Society of Ultrasound
in Obstetrics and Gynecology.

INTRODUCTION

Endometriosis is a gynecological disease, defined as the
presence of endometrial-like tissue outside the uterus,
that affects up to 5–10% of premenopausal women,
being more frequent in women with symptoms such
as dysmenorrhea, chronic pelvic pain, dyspareunia,
dyschezia and infertility1.

The diagnosis of endometriosis can be difficult and is
often delayed2. Transvaginal ultrasound (TVS) has been
shown to be a highly accurate and reproducible tool
for detecting endometriosis. It has been proposed as the
primary imaging modality in patients with pelvic pain3–5

and has shown a high correlation with laparoscopy6. The
International Deep Endometriosis Analysis (IDEA) group
proposed a systematic scanning technique for sonographic
evaluation of the pelvis when a patient is suspected to
have endometriosis7. This technique is based on four
steps: evaluation of the uterus and the adnexa to identify
and describe signs of adenomyosis and examine for the
presence of endometrioma; assessment of ‘soft markers’,
such as ‘kissing’ ovaries; assessment of the ‘sliding sign’;
and identification of deep endometriotic nodules.

The sliding-sign diagnostic test, which involves
determining whether the anterior rectum glides freely
across the posterior aspect of the cervix, posterior vaginal
wall (for an anteverted uterus) or uterine fundus (for
a retroverted uterus)7, has been associated with bowel
involvement, namely rectal or sigmoid anterior wall
infiltration by endometriotic nodules8, and pouch of
Douglas obliteration9. Pouch of Douglas obliteration
is considered to be a sign of severe endometriosis and
could result in marked anatomical distortion of the
pelvis. Women with pouch of Douglas obliteration are
three times more likely to have bowel endometriosis and
bowel surgery than are patients with a non-obliterated
pouch of Douglas10. A negative sliding sign is considered
a ‘hard marker’ for rectal/sigmoid infiltration by deep
endometriosis, which may make surgery more complex11.

Pouch of Douglas obliteration or bowel involvement
during surgery may increase the duration of the procedure
and necessitate advanced surgical skills. Consequently,
in addition to improving our understanding of pelvic
pain symptoms, the ability to evaluate the sliding sign

preoperatively may help surgery planning, prompt
colorectal surgeon support and allow proper informed
consent to be obtained12,13.

The aim of this systematic review and meta-analysis
was to evaluate the diagnostic performance of the
sliding sign assessed by TVS for detecting pouch of
Douglas obliteration and bowel involvement in patients
with suspected endometriosis, using laparoscopy as the
reference standard.

METHODS

Protocol and registration

The systematic review and meta-analysis was performed
according to preferred reporting items for systematic
reviews and meta-analyses (PRISMA) and synthesizing
evidence from diagnostic accuracy tests (SEDATE) guide-
lines14,15. Inclusion and exclusion criteria and methods
for data extraction and quality assessment were specified
in advance. The protocol was registered with PROSPERO
(CRD42021290671) and is available in Appendix S1.
No amendment was made after registration. Institutional
review board approval was waived owing to the nature
and design of the study.

Data search

Studies published between January 2000 and October
2021 were identified by two authors (E.T. and C.M.)
using PubMed/MEDLINE, Web of Science, CINAHL,
The Cochrane Library, ClinicalTrials.gov and SCOPUS
databases to identify potentially eligible studies. The
search terms were as follows: ‘endometriosis’, ‘pouch of
Douglas’, ‘bowel’, ‘recto-sigmoid’, ‘rectal’ and ‘sliding’.
Language restriction in the search was set to English,
French and Spanish.

Study selection and data collection

Three authors (P.M.E., P.F. and J.L.A.) screened the titles
and abstracts of the identified studies to exclude articles
that were not relevant to the topic under review, such as
those focusing on magnetic resonance imaging instead of
ultrasound as the diagnostic method, as well as reviews,
letters and case reports. Full-text articles were obtained
to identify eligible studies, and reviewers applied inde-
pendently the following inclusion criteria: (1) prospective
cohort design with at least 20 women included (sample
size was set arbitrarily); (2) premenopausal women
with a clinical suspicion of endometriosis included as
participants; (3) TVS performed by an expert or trained
gynecologist used as the index test; (4) laparoscopy
(visual inspection with or without histological diagnosis)
used as the reference standard; (5) sufficient data reported
to construct a 2 × 2 table of diagnostic performance.

The ‘snowball strategy’ was used to identify relevant
papers by reviewing the reference lists of the papers

© 2022 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2022; 60: 477–486.
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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Sliding sign in women with endometriosis 479

selected for full-text review. In the case of missing relevant
data, we sought to contact the authors to ask for more
information.

For studies by the same research group, the time period
of patient recruitment was examined. If we detected at
least two studies from the same group with a clear overlap
or a potential risk of overlap of patients, the most recent
study was selected for analysis. The Patients, Intervention,
Comparator, Outcomes and Setting (PICOS) criteria were
used to describe the included studies (Table 1).

Diagnostic accuracy results and additional useful
information about patients and procedures were retrieved
from selected primary studies independently by three
authors (P.M.E., P.F. and J.L.A). Any disagreement
regarding study selection and data collection was resolved
by consensus among the three authors.

Risk of bias in individual studies

Quality assessment was conducted using the Quality
Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) tool adapted to this systematic review. The
QUADAS-2 tool includes four domains: patient selection,
index test, reference standard and flow and timing. For
each domain, the risk of bias and concerns regarding
applicability were classified as high, low or unclear. The
results of the quality assessment were used to evaluate
the overall quality of included studies and investigate
potential sources of heterogeneity. Three authors (P.M.E.,
P.F. and J.L.A) studied independently the methodological
quality using a standard form with quality assessment
criteria and a flow diagram. Disagreements were resolved
by discussion among the three authors until a consensus
was reached.

The risk of bias in the patient-selection domain was
determined based on the description of inclusion and

exclusion criteria of the studies. Patient selection was
considered to be at high risk of bias if studies included
a non-consecutive or non-random series of patients
and performed inappropriate exclusions (for example,
excluding patients with poor imaging).

The index-test domain was assessed based on the
description of the technique of the sliding-sign assessment.
The risk of bias was considered low when the sliding-sign
technique was described in detail.

The reference-standard domain was evaluated based on
the method used in the study to diagnose obliteration
of the pouch of Douglas and/or bowel involvement.
The correct reference standard was considered to be
laparoscopic surgical and/or histological findings. A lack
of blinding of surgeons to ultrasound findings was not
considered to indicate a high risk of bias.

For the flow-and-timing domain, a description of the
time elapsed from the index test to the reference-standard
assessment was evaluated. An interval of more than
3 months was considered to indicate a high risk of
bias.

Statistical analysis

Data on the diagnostic performance of the sliding-sign
test performed during TVS were extracted or derived.
A positive test (negative sliding sign) was defined as
the absence of sliding between the anterior rectum
and the serosa on the posterior surface of the cervix,
posterior vaginal wall (for an anteverted uterus) or uterine
fundus (for a retroverted uterus); the test was considered
negative (positive sliding sign) when those structures were
completely free of one another. The reference standard
was obliteration of the pouch of Douglas and/or bowel
involvement demonstrated on laparoscopy, either by
visual inspection or histological confirmation.

Table 1 Characteristics of studies included in systematic review and meta-analysis, according to Patients, Intervention, Comparator,
Outcomes and Setting (PICOS) criteria

Study Country
Study
design

Multi-
center

Consecutive
recruitment

Mean
patient age

(years)
Total
(n)

PoD
obliteration

(n)

Bowel
involvement

(n)
Index
test

TVS
examiners

(n)
Reference
standard

Venkatesh
(2020)24

India Prosp No NS NS 136 89 43 TVS NS LPS

Arion
(2019)23

Canada Prosp No NS 34.4 269 41 — TVS 1 LPS

Reid
(2018)22

Australia Prosp Yes Yes NS 376 — 76 TVS > 2 LPS with/without
histology

Menakaya
(2016)21

Australia Prosp Yes Yes 32.1 199 51 — TVS > 2 LPS with/without
histology

Piessens
(2014)20

Australia Prosp No NS NS 85 34 25 TVS 1 LPS with/without
histology

Leon
(2014)19

Chile Prosp No No 32.6 51 24 13 TVS 1 LPS with/without
histology

Hudelist
(2013)8

Austria Prosp No NS 31.6 117 — 34 TVS 1 LPS with/without
histology

Holland
(2013)18

UK Prosp Yes Yes 35.0 198 54 9 TVS 2 LPS with
histology

Only first author of each study is given. LPS, laparoscopy; NS, not stated; PoD, pouch of Douglas; Prosp, prospective; TVS, transvaginal
ultrasound.

© 2022 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2022; 60: 477–486.
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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The primary outcome was pooled sensitivity, speci-
ficity, positive likelihood ratio (LR+), negative likelihood
ratio (LR–) and diagnostic odds ratio (OR) of the
sliding sign. The numbers of true-positive, true-negative,
false-positive and false-negative cases were obtained
from each included study. Post-test probabilities were
calculated and plotted on Fagan nomograms, using the
mean prevalence of pouch of Douglas obliteration and
bowel involvement as the pretest probability.

The presence of heterogeneity for sensitivity and
specificity was assessed graphically by drawing forest plots
of sensitivity and specificity, and then using Cochran’s Q
and the I2 statistic. A test for heterogeneity examines the
null hypothesis that all studies are evaluating the same
effect; P < 0.1 was considered to indicate heterogeneity.
According to Higgins et al.16, I2 values of 25%, 50%
and 75% are considered to indicate low, moderate and
high heterogeneity, respectively. In cases of moderate
or high heterogeneity, meta-regression was used. The
covariates analyzed in meta-regression were year of
publication, sample size and prevalence of pouch of
Douglas obliteration or bowel involvement.

Summary receiver-operating-characteristics (sROC)
curves for each condition were plotted to illustrate the
relationship between sensitivity and specificity, and the
area under the curve was calculated.

Analyses were performed using Meta-analytical Inte-
gration of Diagnostic Accuracy Studies (MIDAS) and
METANDI commands in STATA version 12 for Win-
dows (Stata Corp., College Station, TX, USA); P < 0.05
was considered to indicate statistical significance.

The Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) methodology was
used to assess the quality of the retrieved evidence17.
The online GRADE tool was adopted (http://GRADEPro
.org, accessed in December 2021). The assessment was
performed by three authors (J.L.A., S.G., M.A.P.) by
consensus.

RESULTS

Search results

The electronic search provided a total of 334 citations.
After removal of 162 duplicate records, 172 citations
remained. Of these 172 citations, 123 were excluded
after screening by title and abstract, including reviews
(n = 6), case reports (n = 3), letters to the editor (n = 1),
opinions (n = 1) and studies not related to the addressed
topic (n = 112).

We reviewed the full text of the remaining 49 articles.
Forty-three studies were excluded for the following
reasons: study not relevant to the topic addressed (n = 8),
data for 2 × 2 table not available (n = 6), retrospective
study design (n = 2), surgery not used as the reference
standard (n = 4), overlapping series (n = 6), no specific
evaluation of the sliding sign (n = 5), review/opinion
paper (n = 7) and reproducibility/learning curve rather
than diagnostic type of study (n = 5) (Appendix S2). Two

additional relevant studies were found in the reference lists
of the studies included in the review (snowball technique).

A flowchart summarizing study identification and
selection is presented in Figure 1. There was no need
to contact the authors, as all relevant data needed to
perform the meta-analysis were available.

Characteristics of included studies

Eight studies published between October 2013 and Jan-
uary 2020 were included in the final analysis8,18–24. Five
studies analyzed the accuracy of the preoperative sliding
sign for the prediction of both pouch of Douglas oblit-
eration and bowel involvement in women with suspected
deep infiltrating endometriosis18–21,24. One study23

analyzed the accuracy of the preoperative sliding sign for
the prediction of pouch of Douglas obliteration only, and
two studies8,22 analyzed the accuracy of the preoperative
sliding sign for detecting bowel involvement only.

Two studies from the same research group were
included21,22. The study by Menakaya et al.21 provided

Duplicate studies
   excluded (n= 162)

Studies included in
systematic review and
meta-analysis (n= 8)

Studies excluded after
full-text review (n= 43):
     Not related to studied topic
        (n= 8)
     Data for 2 × 2 table not available
        (n= 6)
     Retrospective study (n= 2)
     Wrong reference standard (n= 4)
     Overlapping patient populations
        (n= 6)
     No specific evaluation of sliding
        sign (n= 5)
     Wrong study type (n= 7)
     Reproducibility/learning-curve
        study (n= 5)

Studies screened after
exclusion of duplicates

(n= 172)

Studies selected for
full-text review

(n= 49)

Total records identified (n= 334):
     PubMed (n= 107)
     CINAHL (n= 28)
     SCOPUS (n= 39)
     Web of Science (n= 153)
     The Cochrane Library (n= 7)
     ClinicalTrials.gov (n= 0)

Studies excluded after
  reading title and
  abstract (n= 123)

Studies identified
by snowball
strategy (n= 2)

Figure 1 Flowchart summarizing inclusion in systematic review and
meta-analysis of studies evaluating the diagnostic accuracy of the
sliding sign on transvaginal ultrasound for pouch of Douglas
obliteration and/or bowel involvement in women with suspected
endometriosis.

© 2022 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2022; 60: 477–486.
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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data on diagnostic accuracy of the sliding sign to detect
pouch of Douglas obliteration and bowel involvement,
whereas the study by Reid et al.22 reported data on
bowel involvement only. It was concluded that patients
with bowel involvement in the study by Menakaya
et al.21 were also included in the study by Reid et al.22.
Therefore, data on bowel involvement from Menakaya
et al. were excluded from the analysis. Thus, we analyzed
data from six studies to assess the diagnostic performance
of the sliding sign for detecting pouch of Douglas
obliteration18–21,23,24 and from six studies to assess the
diagnostic performance of the sliding sign for detecting
bowel involvement8,18–20,22,24.

Nine hundred and thirty-eight women were assessed for
detecting obliteration of the pouch of Douglas. Of these
938 patients, 293 had pouch of Douglas obliteration on
laparoscopy. The mean prevalence of pouch of Douglas
obliteration was 37%, ranging from 15% to 65%.

Nine hundred and sixty-three women were assessed
for detecting bowel involvement. Of these 963 patients,
200 had bowel involvement on laparoscopy. The mean
prevalence of bowel involvement was 23%, ranging from
5% to 32%.

The mean age of patients was reported in five of
the eight included studies8,18,19,21,23. All studies were
observational prospective studies. Three of them were
multicenter studies18,21,22. Only three studies specified
that patient recruitment was consecutive18,21,22; in one
study, recruitment was non-consecutive19. Four studies
did not specify the type of recruitment8,20,23,24.

In all studies, TVS was performed by an expert or
trained examiner. Most studies did not report whether
the sonographer was blinded to the patient’s medical
history. In all studies, surgery was performed by an
expert surgeon. One study reported that the surgeon
was blinded to TVS findings18, and one reported that
the surgeon was not blinded to TVS findings22. In the
remaining studies, this information was not provided.
The interval between TVS and surgery was not specified
in four studies19,20,23,24. In two studies21,22, surgery
was performed within 6 months after TVS, and in two
other studies8,18, the interval elapsed between TVS and

surgery was less than 3 months. Table 1 shows PICOS
characteristics of the included studies.

Quality of included studies

Evaluation of the risk of bias and concerns regarding
applicability of the selected studies is shown in Table 2.

Risk of bias

For the patient-selection domain, all studies included
patients with clinical suspicion of endometriosis. Most
studies were considered to be at low risk of bias for patient
selection, as there was a clear explanation of inclusion
and exclusion criteria. One study was considered to be
high risk because it used non-consecutive recruitment
and included patients with previous pelvic surgery19.

For the index-test domain, all studies were considered to
be low risk because they provided an adequate description
of the method for the sliding-sign assessment on TVS, as
well as how it was interpreted. For the reference-standard
domain, all but one studies were likely to classify correctly
the target condition using the reference standard, and one
study did not describe in detail the surgical procedure
performed24. For the flow-and-timing domain, the time
elapsed between the index test and reference standard
indicated a low risk of bias in two studies8,18 and a high
risk in two studies21,22. The risk for this domain was
unclear in four studies19,20,23,24.

Applicability

In terms of applicability, all studies were deemed to
include patients who were relevant to the review question.
For the index-test and reference-standard domains, all
studies presented low concerns regarding applicability.

Sliding sign on TVS for detection of pouch of Douglas
obliteration

Pooled sensitivity, specificity, LR+, LR– and OR
of the sliding sign on TVS for detecting pouch of

Table 2 Quality assessment of studies included in systematic review and meta-analysis, according to Quality Assessment of Diagnostic
Accuracy Studies-2 (QUADAS-2) tool

Risk of bias Applicability concerns

Study
Patient
selection

Index
test

Reference
standard

Flow and
timing

Patient
selection

Index
test

Reference
standard

Venkatesh (2020)24 Low Low Unclear Unclear Low Low Low
Arion (2019)23 Low Low Low Unclear Low Low Low
Reid (2018)22 Low Low Low High Low Low Low
Menakaya (2016)21 Low Low Low High Low Low Low
Piessens (2014)20 Unclear Low Low Unclear Low Low Low
Leon (2014)19 High Low Low Unclear Low Low Low
Hudelist (2013)8 Low Low Low Low Low Low Low
Holland (2013)18 Low Low Low Low Low Low Low

Only first author of each study is given.

© 2022 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2022; 60: 477–486.
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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Douglas obliteration were 88% (95% CI, 81–93%),
94% (95% CI, 91–96%), 15.3 (95% CI, 10.2–22.9),
0.12 (95% CI, 0.07–0.21) and 123 (95% CI, 62–244),
respectively. Heterogeneity was moderate for sensitiv-
ity (Cochran’s Q, 16.20; P = 0.01, I2 = 69.1%) and
low for specificity (Cochran’s Q, 8.96; P = 0.11,
I2 = 44.2%) (Figure 2a). As heterogeneity was moderate,

metaregression was performed. We observed that the
differences in the prevalence of pouch of Douglas oblit-
eration across studies could explain this heterogeneity
(P < 0.01).

The area under the sROC curve was 0.97 (95% CI,
0.95–0.98) (Figure 3a). As shown in the Fagan nomogram
(Figure 4a), a positive test on TVS (negative sliding sign)

Study Sensitivity (95% CI) Specificity (95% CI)

0.97 (0.90–0.99) 0.89 (0.77–0.96)

0.94 (0.90–0.97)

0.98 (0.94–1.00)

0.90 (0.79–0.97)

0.92 (0.73–0.99)

0.95 (0.90–0.98)

0.73 (0.57–0.86)

0.90 (0.79–0.97)

0.88 (0.73–0.97)

0.89 (0.71–0.98)

0.83 (0.71–0.92)

0.88 (0.81–0.93) 0.94 (0.91–0.96)

Q = 16.20, df = 5.00, P= 0.01 Q = 8.96, df = 5.00, P= 0.11

I2= 69.13% (42.70–95.55%) I2= 44.22% (0.00–95.93%)

(a)

Venkatesh (2020)24

Arion (2019)23

Menakaya (2016)21

Piessens (2014)20

León (2014)19

Holland (2013)18

Combined

(b)

Study

Venkatesh (2020)24

Arion (2019)23

Menakaya (2016)21

Piessens (2014)20

León (2014)19

Holland (2013)18

Combined

0.6 1.0
Sensitivity

0.7 1.0
Specificity

Specificity

Study

Venkatesh (2020)24

Reid (2018)22

Piessens (2014)20

León (2014)19

Hudelist (2013)8

Holland (2013)18

Combined

Study

Venkatesh (2020)24
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Figure 2 Forest plots showing pooled sensitivity and specificity of the sliding sign on transvaginal ultrasound in the detection of pouch of
Douglas obliteration (a) and bowel involvement (b) in women with suspected endometriosis. Only first author of each study is given.
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Sliding sign in women with endometriosis 483

in women with suspected deep endometriosis significantly
increased the pretest probability of pouch of Douglas
obliteration on laparoscopy, from 37% to 90%, while a
negative test (positive sliding sign) significantly decreased
the pretest probability, from 37% to 7%. No publication
bias was observed (P = 0.64).

Sliding sign on TVS for detection of bowel involvement

Pooled sensitivity, specificity, LR+, LR– and OR of the
sliding sign on TVS for detecting bowel involvement
were 81% (95% CI, 64–91%), 95% (95% CI, 91–97%),
16.0 (95% CI, 9.0–28.6), 0.20 (95% CI, 0.10–0.40) and

1.0 0.8 0.6 0.4
Specificity

Se
ns

it
iv

it
y

0.0

0.2

0.4

0.6

0.8

1.0(a)

0.2 0.0 1.0 0.8 0.6 0.4
Specificity

Se
ns

it
iv

it
y

0.0

0.2

0.4

0.6

0.8

1.0(b)

0.2 0.0

Figure 3 Summary receiver-operating-characteristics curves ( ) showing performance of the sliding sign on transvaginal ultrasound
in the detection of pouch of Douglas obliteration (a) and bowel involvement (b) in women with suspected endometriosis. , Study estimate;

, summary point; , 95% confidence region; , 95% prediction region.
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Table 3 Grading of Recommendations Assessment, Development and Evaluation (GRADE) assessment of the quality of evidence regarding
the diagnostic accuracy of the sliding sign on transvaginal ultrasound for pouch of Douglas obliteration in women with suspected
endometriosis

Factors that may decrease CoE

Outcome
Studies (n)/
patients (n) Study design Risk of bias Indirectness Inconsistency Imprecision

Publication
bias

Effect per 1000
patients tested
(95% CI) (n)*

Test
accuracy

CoE

True positive Six studies/
293 patients

Cohort
diagnostic
accuracy
study

Not serious Not serious Not serious Not serious None 326 (300–344) ⊕⊕⊕⊕
High

False negative 44 (26–70)
True negative Six studies/

645 patients
Cohort

diagnostic
accuracy
study

Not serious Not serious Not serious Not serious None 592 (573–605) ⊕⊕⊕⊕
High

False positive 38 (25–57)

*Pretest probability of 37%. CoE, class of evidence.

Table 4 Grading of Recommendations Assessment, Development and Evaluation (GRADE) assessment of the quality of evidence regarding
the diagnostic accuracy of the sliding sign on transvaginal ultrasound for bowel involvement in women with suspected endometriosis

Factors that may decrease CoE

Outcome
Studies (n)/
patients (n) Study design Risk of bias Indirectness Inconsistency Imprecision

Publication
bias

Effect per 1000
patients tested
(95% CI) (n)*

Test
accuracy

CoE

True positive Six studies/
200 patients

Cohort
diagnostic
accuracy
study

Not serious Not serious Not serious Not serious None 186 (147–209) ⊕⊕⊕⊕
High

False negative 44 (21–83)
True negative Six studies/

763 patients
Cohort

diagnostic
accuracy
study

Not serious Not serious Not serious Not serious None 731 (701–747) ⊕⊕⊕⊕
High

False positive 39 (23–69)

*Pretest probability of 23%. CoE, class of evidence.

81 (95% CI, 34–191), respectively. Heterogeneity was
high for both sensitivity (Cochran’s Q, 23.40; P < 0.01,
I2 = 78.6%) and specificity (Cochran’s Q, 20.96;
P < 0.01, I2 = 76.1%) (Figure 2b). As heterogeneity was
high, meta-regression was performed. We observed that
the differences in the prevalence of bowel involve-
ment across studies could explain this heterogeneity
(P < 0.01).

The area under the sROC curve was 0.96 (95% CI,
0.94–0.98) (Figure 3b). As shown in the Fagan nomogram
(Figure 4b), a positive test on TVS (negative sliding sign)
in women with suspected deep endometriosis significantly
increased the pretest probability of bowel involvement on
laparoscopy, from 23% to 83%, while a negative test
(positive sliding sign) significantly decreased the pretest
probability, from 23% to 6%. No publication bias was
observed (P = 0.14).

GRADE assessment and recommendation

Regarding GRADE assessment, evidence of high quality
showed that the sliding sign as assessed by TVS has a

high accuracy for detecting pouch of Douglas obliteration
and bowel involvement in women with endometriosis
(Tables 3 and 4). This assessment should be recommended
for all women evaluated for this clinical entity.

DISCUSSION

Summary of evidence

In this meta-analysis, we observed that the diagnostic
performance of the TVS sliding sign for detecting pouch
of Douglas obliteration and bowel involvement in women
with suspected endometriosis was high, with pooled
sensitivity of 88% and 81% and pooled specificity of
94% and 95%, respectively.

The studies included had mostly low risk of bias and
low concerns regarding applicability. However, it should
be borne in mind for the flow-and-timing domain that the
time elapsed from TVS to laparoscopy was not reported
in four studies. We cannot assume that the time elapsed
between the two procedures was long; however, we believe
that, if the time elapsed was long, it could be a potential
confounding factor because the condition of the pelvis
could become worse.

© 2022 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2022; 60: 477–486.
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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Interpretation of results

Our findings demonstrate that the sliding sign is an
excellent ultrasound sign for detecting pouch of Douglas
obliteration and bowel involvement in women undergoing
surgery for suspected endometriosis. The heterogeneity
observed across the studies analyzing pouch of Douglas
obliteration was low for specificity and moderate for
sensitivity, demonstrating comparability of the studies.
However, the heterogeneity of the studies assessing bowel
involvement was high. Therefore, in the latter case, our
findings should be interpreted with caution.

These findings might be clinically relevant, as pouch
of Douglas obliteration may increase the duration and
complexity of surgery25. Having this information prior to
surgery may be helpful to surgeons, as it may influence
the choice of surgical technique, lead to involvement of
a multidisciplinary surgical team and allow referral to
the most appropriate practice26. Additionally, a negative
sliding sign alone may be useful for identifying women
with clinical suspicion of deep endometriosis who require
further evaluation, for example, an examination by an
expert sonologist to assess for the presence of classic signs
of rectal infiltration. Furthermore, a negative sliding sign
may be associated with sigmoid involvement. This may
also constitute a reason for referring the patient for expert
examination. However, five of the six studies on bowel
involvement included in this meta-analysis did not provide
separate information on rectal and sigmoid involvement;
therefore, a subgroup analysis could not be performed.

Some studies have shown that assessment of the
sliding sign may have a short learning curve and be
reproducible among expert examiners4,27–29. However, it
is important to bear in mind that diagnostic performance
depends on expertise and that not all trainees may reach
competence28–30. Reproducibility should be tested in
larger prospective studies.

We should also consider the fact that a negative sliding
sign may be produced by inflammatory changes, for
example due to pelvic surgery or pelvic inflammatory dis-
ease. This might be a confounding factor. In patients with
such a medical history, it would be difficult to ascertain
whether a negative sliding sign is related to endometriosis
or to postsurgical/disease-related inflammatory processes.

Strengths and limitations

Some limitations of this meta-analysis should be con-
sidered. We believe that the main limitation is the small
number of studies and patients included. Additionally,
the reported prevalence of pouch of Douglas obliteration
on laparoscopy may vary depending on the surgeon’s
skills. Most of the included studies did not provide details
regarding this aspect, and we should not assume that
inspection of the abdominal cavity was made by properly
trained experienced surgeons. In fact, one study did
not describe at all the surgical procedures performed24.
However, we do not consider that this had a significant
effect on the results of the quantitative synthesis.

The strengths of our study are that, to the best of
our knowledge, it is the first meta-analysis to analyze
specifically the performance of the TVS sliding sign
in detecting bowel involvement and that it provides
up-to-date evidence on the diagnostic performance of this
sign for obliteration of the pouch of Douglas in women
with clinical suspicion of endometriosis.

Two previous meta-analyses have assessed the diag-
nostic performance of TVS for detecting pouch of Dou-
glas obliteration31,32. However, neither of them assessed
specifically the sliding sign for detecting bowel involve-
ment. Nisenblat et al.31 assessed six studies that evaluated
the diagnostic performance of TVS for detecting pouch
of Douglas obliteration. Two of those studies have been
included in our meta-analysis19,20, but four of them were
not9,33–35. We did not include these four studies because
they reported data from series that overlapped with more
recent studies from the same group9,35 or did not report
specifically on the sliding sign as a marker for diagnosing
pouch of Douglas obliteration33,34. The pooled sensitiv-
ity and specificity reported by Nisenblat et al. (83% and
97%, respectively) were similar to those in our study.

Noventa et al.32 reported data from eight studies that
assessed the role of TVS in detecting pouch of Douglas
obliteration. Two of these studies have been included
in our meta-analysis18,19. Six studies were excluded
for one of the following reasons: overlapping data
with more recent studies from the same group9,34, not
describing the sliding sign36,37, data for constructing
2 × 2 table could not be extracted38 or the study focused
on transrectal ultrasound39. The pooled sensitivity and
specificity reported by Noventa et al. were 80% and
95%, respectively.

Our meta-analysis reports data from more recent
studies and represents a larger series.

Conclusions

In conclusion, the TVS sliding sign seems to be an
accurate method for the diagnosis of pouch of Douglas
obliteration and bowel involvement in women with a
clinical suspicion of pelvic endometriosis who undergo
surgery when expert examiners perform the ultrasound
examination. It remains to be seen whether the TVS sliding
sign test performs equally well and is reproducible in the
hands of less experienced examiners. The findings of this
meta-analysis confirm the fundamental role of TVS as a
diagnostic tool in women with suspected endometriosis,
suggested by previous studies40–42.
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SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

Appendix S1 Protocol for the systematic review and meta-analysis

Appendix S2 Studies excluded after full-text review
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Precis i ón diagnóst ica del s igno desl izante para detectar la obliteraci ón del fondo de saco de
Douglas y la afectaci ón intest inal en mujeres con sospecha de endometriosis : revis i ón sistemát ica
y metaaná l is is

RESUMEN

Objetivo. El objetivo de esta revisión sistemática y metaanálisis fue evaluar la precisión diagnóstica del signo deslizante
en la ecografı́a transvaginal (ETV) para detectar la obliteración del fondo de saco de Douglas y la afectación intestinal
en pacientes con sospecha de endometriosis, utilizando la laparoscopia como estándar de referencia.

Métodos. Se realizó una búsqueda de estudios que hubieran evaluado la función del signo deslizante en la valoración
de la obliteración del fondo de saco de Douglas y/o la afectación intestinal utilizando la laparoscopia como estándar
de referencia, publicados desde enero de 2000 hasta octubre de 2021 en las bases de datos PubMed/MEDLINE, Web
of Science, CINAHL, The Cochrane Library, ClinicalTrials.gov y SCOPUS. Para evaluar la calidad de los estudios se
utilizó la herramienta de Evaluación de Calidad de los Estudios de Precisión Diagnóstica-2 (QUADAS-2, por sus siglas
en inglés) Los análisis se realizaron mediante los comandos MIDAS y METANDI de STATA.

Resultados. Se identificaron un total de 334 citas. En el análisis se incluyeron ocho estudios, lo que dio como resultado
938 y 963 pacientes disponibles para el análisis de la precisión diagnóstica del signo deslizante para la obliteración
del fondo de saco de Douglas y la afectación intestinal, respectivamente. La prevalencia media de la obliteración del
fondo de saco de Douglas fue del 37% y la prevalencia media de la afectación intestinal fue del 23%. La estimación
combinada de la sensibilidad, especificidad, cociente de verosimilitud positivo, cociente de verosimilitud negativo y razón
de momios del diagnóstico del signo deslizante en la ETV para detectar la obliteración del fondo de saco de Douglas
fue del 88% (IC 95%, 81–93%), 94% (IC 95%, 91–96%), 15,3 (IC 95%, 10,2–22,9), 0,12 (IC 95%, 0,07–0,21)
y 123 (IC 95%, 62–244), respectivamente. La heterogeneidad fue moderada en cuanto a la sensibilidad y baja en
cuanto a la especificidad para detectar la obliteración del fondo de saco de Douglas. La estimación combinada de la
sensibilidad, especificidad, cociente de verosimilitud positivo, cociente de verosimilitud negativo y razón de momios del
diagnóstico del signo deslizante en la ETV para detectar la afectación intestinal fue del 81% (IC 95%, 64–91%), 95%
(IC 95%, 91–97%), 16,0 (IC 95%, 9,0–28,6), 0,20 (IC 95%, 0,10–0,40) y 81 (IC 95%, 34–191), respectivamente.
La heterogeneidad del metaanálisis de la precisión diagnóstica de la afectación intestinal fue alta.

Conclusiones. El signo deslizante en la ETV tiene un buen rendimiento diagnóstico para predecir la obliteración del
fondo de saco de Douglas y la afectación intestinal en mujeres con sospecha de endometriosis.

© 2022 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd SYSTEMATIC REVIEW
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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