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What are the novel findings of this work?
This is the first large prospective study to investigate using
a non-invasive approach the prevalence of endometriosis
in women with a wide range of complaints attending a
gynecological outpatient clinic.

What are the clinical implications of this work?
We found that deep pelvic endometriosis was much
more prevalent than thought previously. It is therefore
important that effective non-invasive diagnostic tests are
offered routinely to women during their initial outpatient
visit to facilitate timely diagnosis and effective treatment
of this often-debilitating disease.

ABSTRACT

Objectives To assess using transvaginal ultrasound
the prevalence of deep and ovarian endometriosis in
premenopausal women attending a general gynecology
clinic. We also investigated whether the presence of
endometriosis was associated with various demographic
factors and other pelvic abnormalities.

Methods This was a prospective observational cohort
study carried out between February 2019 and October
2020. Consecutive premenopausal women who attended
our general gynecology clinic underwent pelvic ultrasound
examination, performed by a single experienced operator.
Pregnant women and those with a history of hysterectomy
or oophorectomy were excluded. The primary outcome
was the prevalence of deep and/or ovarian endometriosis.
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Secondary outcomes were the anatomical distribution of
endometriotic lesions and the association of endometrio-
sis with demographic characteristics and various pelvic
abnormalities, which were analyzed using logistic regres-
sion and multivariable analysis.

Results A total of 1026 women were included in the
final study sample, of whom 194 (18.9% (95% CI,
16.6–21.4%)) had sonographic evidence of deep and/or
ovarian endometriosis. Of the 194 women diagnosed with
endometriosis, 106 (54.6% (95% CI, 47.4–61.8%)) were
diagnosed with endometriotic nodules only, 26 (13.4%
(95% CI, 9.0–19.0%)) with ovarian endometriomas only,
and 62 (32.0% (95% CI, 25.5–39.0%)) women had
evidence of both. There was a total of 348 endometri-
otic nodules in 168 women, located most frequently
in the retrocervical area (166/348; 47.7% (95% CI,
42.4–53.1%)), uterosacral ligaments (96/348; 27.6%
(95% CI, 23.0–32.6%)) and bowel (40/348; 11.5%
(95% CI, 8.3–15.3%)). Multivariable analysis found sig-
nificant positive associations between endometriosis and
both adenomyosis (odds ratio (OR), 1.72 (95% CI,
1.10–2.69); P = 0.02) and pelvic adhesions (OR, 25.7
(95% CI, 16.7–39.3); P < 0.001), whilst higher parity
(OR, 0.44 (95% CI, 0.24–0.81); P = 0.03) and history
of Cesarean section (OR, 0.18 (95% CI, 0.06–0.52);
P = 0.002) were associated with a lower occurrence
of endometriosis. A total of 75/1026 women (7.3%
(95% CI, 5.8–9.1%)) underwent laparoscopy within
6 months of pelvic ultrasound examination. There was
very good agreement between ultrasound and surgi-
cal findings, with a kappa value of 0.84 (95% CI,
0.69–0.99).
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Conclusions Deep and/or ovarian endometriosis was
present in nearly one in five women attending a general
gynecology clinic. There were significant positive associa-
tions with adenomyosis and pelvic adhesions and negative
associations with higher parity and previous Cesarean
section. © 2023 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 an estrogen-dependent condition,
defined as the presence of ectopic endometrial-like tissue1

and classified as superficial, ovarian or deep-infiltrating2.
Women with endometriosis often suffer from infertil-
ity and severe pelvic pain, which can be debilitating
and have a significant adverse effect on quality of life3.
The annual national economic burden of endometriosis
has been reported as US$15.58 billion in the UK and
US$78.05 billion in the USA4.

To determine the real socioeconomic burden of
endometriosis and to allocate appropriate healthcare
resources for this disease, it is important to know its
prevalence. The statistic usually cited for the prevalence
of endometriosis in premenopausal women is 10%,
although the most frequently referenced paper is from
1997, before standardized diagnostic criteria for this
condition existed3. Most other studies have established
the prevalence among women undergoing surgery5,6, and
their figures vary from 3.7% to 81.3%. The cause
of this discrepancy is likely to be multifactorial, but
influenced largely by the indication for surgery and
highly selected study populations. The true prevalence
is therefore unknown.

Until recently, histopathological examination of lesions
excised during surgery was considered the reference stan-
dard for diagnosing endometriosis7, but this introduces
a selection bias as not all patients require surgery, and
tissue samples can be damaged by heat during acquisi-
tion, preventing diagnosis. False-negative results can also
occur, particularly when surgeons are insufficiently expe-
rienced in the laparoscopic diagnosis of endometriosis8,9.
Transvaginal ultrasound (TVS) has emerged as an alter-
native diagnostic tool for deep and ovarian endometrio-
sis, and its diagnostic accuracy is now deemed similar
to that of laparoscopy10. The main advantage of an
ultrasound-based diagnosis is that it offers the oppor-
tunity to diagnose endometriosis in a less selected group
of women compared with surgery.

Only four other published studies have tried to deter-
mine the prevalence of endometriosis using TVS11–14.
One was limited by its retrospective design11, the second
was conducted with the primary objective of determin-
ing the prevalence of adenomyosis12, the third included
pregnant women only13 and the fourth women with
subfertility only14. This study aimed to determine the
prevalence of deep and/or ovarian endometriosis in a large
consecutive cohort of premenopausal women attending

our general gynecology clinic, using ultrasound, and to
investigate which demographic characteristics and other
pelvic abnormalities were associated with endometriosis.

METHODS

Study setting and patient population

This prospective observational cohort study was con-
ducted at University College London Hospital, London,
UK between February 2019 and October 2020. All women
who attended our general gynecology clinic and were
seen consecutively by a single examiner were eligible for
inclusion. Inclusion criteria were the ability to undergo
TVS and aged 18–50 years. Exclusion criteria were pre-
vious hysterectomy or unilateral/bilateral oophorectomy,
pregnancy and postmenopausal state (defined as at least
12 months of amenorrhea, which could not be attributed
to hormonal treatment, breastfeeding or endocrine disor-
ders). The examiner (P.C.) had received over 3 years of
intensive full-time training in gynecological ultrasound,
particularly the diagnosis of deep and ovarian endometrio-
sis, at a tertiary endometriosis center, and had scanned
over 4000 patients with various gynecological complaints
and pathologies over that period of time. Ethical approval
was granted by the Liverpool Central Research Ethics
Committee (date of approval: 22 January 2019; refer-
ence: 19/NW/0050). The study was registered on the
Research Registry website (unique identifying number:
researchregistry4828).

Primary and secondary outcomes

The primary outcome of this study was the prevalence of
endometriosis (deep and/or ovarian). Secondary outcomes
were the association between demographic variables
and deep and ovarian endometriosis; the anatomical
distribution of endometriotic lesions; and the association
of endometriosis with other acquired gynecological
abnormalities. A further secondary outcome was the level
of agreement between ultrasound and surgical diagnosis
of endometriosis in a subgroup of women who underwent
subsequent surgery.

Data collection and image acquisition

A detailed demographic and clinical history was obtained
for all women and all data were stored in a secure hospital
database (Viewpoint Bildverarbeitung GmbH, Munich,
Germany). Demographic data included age, ethnicity,
smoking status and body mass index (BMI)15. Clinical
data included indication for attendance, menstrual
history, gravidity, previous miscarriage, termination of
pregnancy and ectopic pregnancy, parity, mode of delivery
of previous pregnancy (spontaneous/instrumental vaginal
delivery or Cesarean section), history of infertility, contra-
ceptive use at the time of consultation and previous history
of endometriosis. The latter was obtained either from
ultrasound or surgical records at our hospital, or patient-
reported history. Menstrual characteristics were defined

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Ultrasound Obstet Gynecol 2023; 61: 632–641.
Sons Ltd on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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634 Chaggar et al.

as per the revised International Federation of Gynecology
and Obstetrics (FIGO) criteria: regularity of menstrual
bleeding (regular: shortest-to-longest cycle variation of up
7–9 days, depending on age; irregular: shortest-to-longest
cycle variation exceeding 8–10 days, depending on age);
frequency of menstrual bleeding (absent: amenorrhea;
infrequent: > 38 days; normal: 24–38 days; frequent:
< 24 days); duration of menstrual bleeding (normal:
≤ 8 days; prolonged: > 8 days)16. Infertility was defined
as the failure to establish a clinical pregnancy after
12 months of regular, unprotected sexual intercourse
due to disease or impairment of a person’s capacity to
reproduce either as an individual or with her partner17.

Two- and three-dimensional TVS assessments were
undertaken systematically using a 4–9-MHz probe
(Voluson E8; GE Healthcare, Zipf, Austria), as described
below. A transabdominal scan to assess the kidneys was
performed using a 2–5-MHz probe (Voluson E8; GE
Healthcare).

Endometriosis was diagnosed using the detailed
approach specified by the consensus statement from
the International Deep Endometriosis Analysis (IDEA)

group18. This included a systematic assessment of the
uterus, ovaries, Fallopian tubes, anterior and posterior
compartments of the pelvis, and distal ureters. All
endometriotic lesions and other pelvic abnormalities were
described, measured and recorded. The pelvic organs were
also examined for tenderness and mobility.

Endometrioma was diagnosed when well-defined and
thick-walled ovarian cysts containing homogeneous
low-level internal echoes (ground-glass appearance) were
seen19. Functional hemorrhagic cysts were differentiated
from endometriomas by their typical spider-web appear-
ance20. When it was difficult to distinguish between the
two, a repeat scan was performed 6 weeks later, by which
time a functional hemorrhagic cyst would have resolved.

Endometriotic nodules were characterized as hypo-
echogenic, avascular, solid lesions with irregular outer
margins, found in various locations including the abdom-
inal wall, adnexa, bladder, bowel, rectovaginal septum,
retrocervical area, uterosacral ligaments, uterovesical fold
and vagina2,18. Figure 1 illustrates deep endometriotic
lesions diagnosed on ultrasound in these various locations.
Endometriotic nodules are often tender on palpation with

Figure 1 Two-dimensional transvaginal (a–h) and transabdominal (i) ultrasound images of deep endometriosis in various anatomical
locations. (a) Ovarian endometrioma with mixed echogenicity demonstrating a blood-fluid level. (b) Bladder nodule located on bladder
dome. (c) Hypoechogenic bowel nodule with irregular, spiked margins. (d) Isoechogenic nodule in retrocervical area. (e) Thickened
uterosacral ligament containing an isogenic endometriotic nodule. (f) Adnexa/broad ligament with a hypoechogenic nodule. (g) Rectovaginal
septum containing an isoechogenic endometriotic nodule. (h) Vaginal mucosa containing a hypoechogenic nodule. (i) Abdominal wall
containing a well-demarcated but irregular nodule located between subcutaneous fat and abdominal fascia.

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Ultrasound Obstet Gynecol 2023; 61: 632–641.
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the ultrasound probe, and the pelvic organs are found
frequently to be fixed and tethered to each other at the
site of these nodules.

Endometriomas and nodules were measured in three
orthogonal planes and the mean of all three measurements
was taken as the size of the lesion. Adhesions involving
the pelvic organs and obliteration of the pouch of Douglas
(POD) were diagnosed using the sliding organ sign18 or
the flapping sail sign in the case of filmy adhesions21.

The following abnormalities were further assessed
and noted: adenomyosis, fibroids, hydrosalpinges,
hematosalpinges, cervical and endometrial polyps, non-
endometriotic ovarian cysts, congenital uterine anomalies
and accessory cavitated uterine malformations (ACUM).
Adenomyosis and fibroids were diagnosed as per the
Morphological Uterus Sonographic Assessment (MUSA)
group consensus statement22 and recent revisions in their
definitions23, polyps as per the International Endometrial
Tumor Analysis (IETA) group consensus statement24

and more recent literature25, and ovarian cysts and
hydro-/hematosalpinges using pattern recognition26.
Congenital uterine anomalies were classified using the
European Society of Human Reproduction and Embryo-
logy/European Society for Gynaecological Endoscopy
(ESHRE/ESGE) classification system27. ACUM was diag-
nosed in accordance with recently described diagnostic
criteria28,29. The kidneys were assessed transabdominally
for hydronephrosis and other lesions such as renal cysts.

The presence or absence of endometriosis was noted in
all women undergoing surgery within 6 months after TVS
examination.

Sample size calculation and statistical analysis

Using an endometriosis prevalence of 10%3, the required
sample size for this study was calculated to be 865, to
achieve a precision of 2% with a confidence level of
95%. Data were presented as mean ± SD if normally dis-
tributed or median (interquartile range) if non-normally
distributed. The data distribution was determined by ana-
lysis of skewness and kurtosis. Proportions were cal-
culated as percentages with corresponding 95% CI.
Categorical variables were compared between groups
using the chi-square test, except in the case of rarely
occurring characteristics, for which Fisher’s exact test
was used. Continuous variables were compared between
groups using the unpaired t-test if found to be normally
distributed or the Mann–Whitney U-test otherwise.

Logistic regression and multivariable analysis were used
to assess whether various demographic and clinical factors
influenced the occurrence of deep or ovarian endometrio-
sis. The size of the association was quantified by odds
ratio, presented with corresponding 95% CI. For categor-
ical variables, these represented the odds of endometriosis
in each category relative to the odds in a baseline category.
For continuous variables, the odds ratio represented the
relative change in the odds of endometriosis for a given
increase in each variable. Only factors showing some asso-
ciation with the presence of endometriosis on univariate

analysis (P < 0.2) were adjusted for in the multivariable
analysis. A backwards selection procedure was performed
to omit variables not independently associated with
the presence of endometriosis (outcome). This involved
removing non-significant variables, one at a time, until
only factors associated with the outcome remained.

The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and accuracy of
TVS in the diagnosis of endometriosis were calculated
based on the sample of women who underwent surgery.
The agreement between TVS and laparoscopy in the
diagnosis of endometriosis was assessed using the kappa
statistic (κ), which measures the agreement over and above
that which would be expected due to chance. This is
measured on a scale ranging up to a maximum agreement
of 1 (≤ 0.2, very poor agreement; 0.21–0.4, poor
agreement; 0.41–0.6, moderate agreement; 0.61–0.8,
good agreement; and 0.81–1.0, very good agreement)30.
P-values of < 0.05 were considered statistically significant.
Statistical analysis was performed using Stata version 15.1
(StataCorp., College Station, TX, USA).

RESULTS

During the study period, 2175 women were examined, of
whom 1026 satisfied the inclusion criteria and formed
the final study sample (Figure 2). The demographic
and clinical characteristics of the study population are
summarized in Table 1 and the indications for their visit
in Table 2.

Eligible women
(n= 2175) 

Women included in study
(n= 1026)

No sonographic evidence
of endometriosis

(n= 832 (81.1%))  

Sonographic evidence of
endometriosis

(n= 194 (18.9%)) 

Excluded (n= 1149): 
• Postmenopausal (n= 1052)
• Could not undergo TVS (n= 58)
• Pregnant (n= 28)
• Previous hysterectomy/

oophorectomy (n= 11)

Figure 2 Flowchart summarizing inclusion, exclusion and diagnosis
of women attending gynecology clinic during study period. TVS,
transvaginal ultrasound.

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Ultrasound Obstet Gynecol 2023; 61: 632–641.
Sons Ltd on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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Table 1 Demographic and clinical characteristics of 1026 study
participants, according to presence or absence of endometriosis on
transvaginal ultrasound

Endometriosis

Characteristic Yes (n = 194) No (n = 832) P

Age (years) 36.5 ± 7.4 36.7 ± 8.2 0.69
Ethnicity

Caucasian 104 (53.6) 448 (53.8) 0.95
Asian 28 (14.4) 108 (13.0) 0.59
Afro-Caribbean 23 (11.9) 130 (15.6) 0.18
Mixed/other 39 (20.1) 146 (17.5) 0.40

Body mass 24.7 (21.7–28.3) 24.1 (21.0–28.9) 0.36
index* (kg/m2)

Smoking status†
Non-smoker 125/184 (67.9) 586/747 (78.4) 0.003
Ex-smoker 40/184 (21.7) 106/747 (14.2) 0.012
Current smoker 19/184 (10.3) 55/747 (7.4) 0.19

Regularity of
menstrual bleeding‡ 0.26
Regular 146/187 (78.1) 563/760 (74.1)
Irregular 41/187 (21.9) 197/760 (25.9)

Frequency of
menstrual bleeding
Normal 131 (67.5) 509 (61.2) 0.10
Absent 7 (3.6) 72 (8.7) 0.02
Infrequent 7 (3.6) 61 (7.3) 0.06
Frequent 5 (2.6) 32 (3.8) 0.39
Variable 44 (22.7) 158 (19.0) 0.24

Duration of
menstrual bleeding‡
Normal 162/187 (86.6) 632/760 (83.2) 0.25
Prolonged 9/187 (4.8) 39/760 (5.1) 0.86
Variable 16/187 (8.6) 89/760 (11.7) 0.22

Contraceptive use
None 139 (71.6) 546 (65.6) 0.11
Hormonal 37 (19.1) 196 (23.6) 0.18
Non-hormonal 18 (9.3) 90 (10.8) 0.53

Gravidity
0 95 (49.0) 338 (40.6) 0.03
1 50 (25.8) 158 (19.0) 0.03
≥ 2 49 (25.3) 336 (40.4) < 0.001

Parity
0 130 (67.0) 452 (54.3) 0.001
1 34 (17.5) 138 (16.6) 0.75
≥ 2 30 (15.5) 242 (29.1) < 0.001

History of infertility 42 (21.6) 114 (13.7) 0.006

Data are given as mean ± SD, n (%), median (interquartile range)
or n/N (%). *Data missing for 552 women. †Data missing for 95
women. ‡Excluding 79 women with absent menstrual bleeding.

Table 2 Primary indication for attendance at general gynecology clinic, according to presence or absence of endometriosis on transvaginal
ultrasound (n = 1026)

Endometriosis

Yes (n = 194) No (n = 832)

Indication n (%) 95% CI (%) n (%) 95% CI (%) P

Chronic pelvic pain 37 (19.1) 13.8–25.3 139 (16.7) 14.2–19.4 0.43
Dysmenorrhea 36 (18.6) 13.4–24.8 50 (6.0) 4.5–7.8 < 0.001
Abnormal uterine bleeding

Intermenstrual bleeding 14 (7.2) 4.0–11.8 102 (12.3) 10.1–14.7 0.05
Heavy uterine bleeding and dysmenorrhea 25 (12.9) 8.5–18.4 53 (6.4) 4.8–8.3 0.002
Heavy uterine bleeding 22 (11.3) 7.3–16.7 155 (18.6) 16.0–21.4 0.02
Irregular menstrual bleeding 7 (3.6) 1.5–7.3 29 (3.5) 2.4–5.0 0.93

Infertility 5 (2.6) 0.8–5.9 20 (2.4) 1.5–3.7 0.88
Deep dyspareunia 2 (1.0) 0.1–3.7 26 (3.1) 2.1–4.6 0.11
Other 46 (23.7) 17.9–30.3 258 (31.0) 27.9–34.3 0.04

A total of 194/1026 (18.9% (95% CI, 16.6–21.4%))
women had evidence of deep and/or ovarian endometrio-
sis on TVS examination, of whom 132 (68.0% (95% CI,
61.0–74.5%)) were diagnosed with endometriosis for
the first time. The remaining 62/194 (32.0% (95% CI,
25.5–39.0%)) women had been diagnosed previ-
ously with endometriosis; 34/62 (54.8% (95% CI,
41.7–67.5%)) at laparoscopy and 28/62 (45.2%
(95% CI, 32.5–58.3%)) on ultrasound.

Of the 194 women diagnosed with endometriosis,
106 (54.6% (95% CI, 47.4–61.8%)) had endometriotic
nodules only, 26 (13.4% (95% CI, 9.0–19.0%)) had
ovarian endometriosis only, and 62 (32.0% (95% CI,
25.5–39.0%)) had evidence of both deep endometriotic
nodules and endometriomas.

A total of 125 endometriomas were identified in 88
women, with a median of 1 (range, 1–4) cyst per patient
and a median size of 20.7 (range, 6.3–110.3) mm. The
number of cysts in the left and right ovaries was not sig-
nificantly different (70/125 (56.0%) vs 55/125 (44.0%),
P = 0.18). In the 168 women with evidence of deep
endometriosis, there was a total of 348 nodules, with a
median of 2 (range, 1–7) per patient and a median size of
7.0 (range, 2.7–44.7) mm. The anatomical distribution
of the nodules is listed in Table 3, and shows that they
were located most frequently in the retrocervical area
(166/348 (47.7% (95% CI, 42.4–53.1%)), uterosacral
ligaments (96/348 (27.6% (95% CI, 23.0–32.6%))
and bowel (40/348 (11.5% (95% CI, 8.3–15.3%)).

Table 3 Anatomical distribution of 348 endometriotic nodules in
168 women

Location of endometriotic nodules n (%) 95% CI (%)

Retrocervical area 166 (47.7) 42.4–53.1
Uterosacral ligament 96 (27.6) 23.0–32.6
Bowel 40 (11.5) 8.3–15.3
Adnexa 32 (9.2) 6.4–12.7
Vagina 5 (1.4) 0.5–3.3
Rectovaginal septum 3 (0.9) 0.2–2.5
Abdomen 3 (0.9) 0.2–2.5
Bladder/uterovesical fold 3 (0.9) 0.2–2.5

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Ultrasound Obstet Gynecol 2023; 61: 632–641.
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The association of endometriosis with demographic fac-
tors and gynecological abnormalities is shown in Tables 4
and 5. A statistically significant, positive non-linear rela-
tionship between age and the occurrence of endometriosis
was seen (Figure 3). Current and ex-smokers had a signifi-
cantly higher occurrence of endometriosis compared with
non-smokers (Table 4). The frequency of endometriosis
was twice as high in women with no or just one prior
pregnancy compared to those with gravidity of two or
higher, and over twice as high in nulliparous women
compared to those with parity of two or more. Women
with a history of infertility were almost twice as likely to
have endometriosis than were those without infertility.

Compared to women without these diagnoses, ade-
nomyosis, functional hemorrhagic cysts and renal
tract abnormalities were associated with a significantly
increased risk of concomitant endometriosis. Pelvic abnor-
malities known to be caused by endometriosis, including
pelvic adhesions and dilated Fallopian tubes, were also
significantly more common in women with endometrio-
sis. After adjusting for age, BMI, history of infertility,
frequency of menstrual bleeding, parity, smoking status,
surgical termination of pregnancy, adenomyosis, dermoid
cyst, dilated Fallopian tube, functional hemorrhagic cyst,
pelvic adhesions and renal tract abnormality, our multi-
variable analysis showed that lower parity, adenomyosis
and pelvic adhesions remained significantly associated
with having endometriosis, while having had one or
more Cesarean sections was negatively associated with
endometriosis (Table 6). The equation for the logistic
regression model was: logit(P) = −2.38 − (0.22 if parity
is 1, 0.84 if parity ≥ 2, 0 if nulliparous) − (0.90 if one
Cesarean section, 1.68 if ≥ 2 Cesarean sections, 0 if no
Cesarean sections) + (0.55 if adenomyosis is present, 0 if
absent) + (3.25 if pelvic adhesions are present, 0 if absent),
where P is the probability of endometriosis being present.

A total of 75/1026 (7.3% (95% CI, 5.8–9.1%)) patients
underwent laparoscopy, of whom 15 (20.0% (95% CI,
11.7–30.8%)) were diagnosed with endometriosis at
surgery. There was agreement between TVS and surgery
findings in 71/75 (94.7% (95% CI, 86.9–98.5%)) cases,
resulting in a κ of 0.842 (95% CI, 0.693–0.991), sug-
gesting very good agreement between the two methods
in detecting the presence or absence of endometrio-
sis. In four women for whom there was disagree-
ment between TVS and surgery findings, there was
no evidence of endometriosis on ultrasound, but
surgery found superficial endometriosis. The sensi-
tivity, specificity, PPV, NPV and accuracy of TVS
in detecting endometriosis were 73.3% (95% CI,
44.9–92.2%), 100% (95% CI, 94.0–100%), 100%
(95% CI, 94.9–100%), 93.8% (95% CI, 86.6–97.2%)
and 94.7% (95% CI, 86.9–98.5%), respectively, when
using visual surgical findings as the reference standard. All
11/75 women with laparoscopic evidence of endometri-
oma or deep endometriotic nodules were also diagnosed
on ultrasound, resulting in a sensitivity of 100% (95% CI,
71.5–100%) of TVS in diagnosing deep and ovarian
endometriosis.

Table 4 Univariate analysis of association between demographic
and clinical variables and presence of endometriosis on
transvaginal ultrasound (n = 1026)

Variable
Endometriosis

present (n/N (%)) OR (95% CI) P

Age* 0.04
Linear term — 9.09 (1.40–59.10)
Squared term — 0.73 (0.56–0.95)

Ethnicity 0.50
Caucasian 104/552 (18.8) 1
Asian 28/136 (20.6) 1.12 (0.70–1.78)
Afro-Caribbean 23/153 (15.0) 0.76 (0.46–1.25)
Mixed/other 39/185 (21.1) 1.15 (0.76–1.74)

BMI (continuous)*† — 1.09 (0.80–1.47) 0.59
BMI (categorical)† 0.19

18.5–24.9 kg/m2 65/249 (26.1) 1
< 18.5 kg/m2 3/19 (15.8) 0.53 (0.14–1.88)
25.0–29.9 kg/m2 35/108 (32.4) 1.36 (0.83–2.22)
30.0–34.9 kg/m2 10/56 (17.9) 0.62 (0.29–1.29)
35.0–39.9 kg/m2 8/21 (38.1) 1.74 (0.69–4.39)
≥ 40.0 kg/m2 4/21 (19.0) 0.67 (0.22–2.05)

Smoking status‡ 0.01
Non-smoker 125/711 (17.6) 1
Ex-smoker 40/146 (27.4) 1.77 (1.17–2.67)
Current smoker 19/74 (25.7) 1.62 (0.93–2.82)

Regularity of 0.26
menstrual bleeding§
Regular 146/709 (20.6) 1
Irregular 41/238 (17.2) 0.80 (0.55–1.18)

Frequency of 0.01
menstrual bleeding
Normal 131/640 (20.5) 1
Absent 7/79 (8.9) 0.38 (0.17–0.84)
Infrequent 7/68 (10.3) 0.45 (0.20–1.00)
Frequent 5/37 (13.5) 0.60 (0.23–1.59)
Variable 44/202 (21.8) 1.08 (0.74–1.59)

Duration of 0.43
menstrual bleeding§
Normal 162/794 (20.4) 1
Prolonged 9/48 (18.8) 0.90 (0.43–1.90)
Variable 16/105 (15.2) 0.70 (0.40–1.22)

Gravidity < 0.001
0 95/433 (21.9) 1
1 50/208 (24.0) 1.13 (0.76–1.66)
≥ 2 49/385 (12.7) 0.52 (0.36–0.76)

Parity < 0.001
0 130/582 (22.3) 1
1 34/172 (19.8) 0.86 (0.56–1.31)
≥ 2 30/272 (11.0) 0.43 (0.28–0.66)

Contraceptive use 0.27
None 139/685 (20.3) 1
Hormonal 37/233 (15.9) 0.74 (0.50–1.10)
Non-hormonal 18/108 (16.7) 0.79 (0.46–1.35)

Vaginal delivery¶ 0.43
0 21/128 (16.4) 1
1 19/131 (14.5) 0.86 (0.44–1.70)
≥ 2 24/185 (13.0) 0.76 (0.40–1.43)

Cesarean section¶ 0.25
0 42/267 (15.7) 1
1 16/106 (15.1) 0.95 (0.51–1.78)
≥ 2 6/71 (8.5) 0.49 (0.20–1.21)

Non-surgically 0.94
managed
miscarriage**
0 70/423 (16.5) 1
1 21/119 (17.6) 1.08 (0.63–1.85)
≥ 2 8/51 (15.7) 0.94 (0.42–2.08)

Continued over.

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Ultrasound Obstet Gynecol 2023; 61: 632–641.
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Table 4 Continued

Variable
Endometriosis

present (n/N (%)) OR (95% CI) P

Surgically managed 0.36
miscarriage**
0 87/536 (16.2) 1
≥ 1 12/57 (21.1) 1.38 (0.70–2.71)

Ectopic pregnancy** 0.58
0 94/569 (16.5) 1
≥ 1 5/24 (20.8) 1.33 (0.48–3.65)

Surgically terminated 0.10
pregnancy**
0 76/462 (16.5) 1
1 21/97 (21.6) 1.30 (0.75–2.25)
≥ 2 2/34 (5.9) 0.31 (0.07–1.33)

Medically terminated 0.50
pregnancy**
0 89/521 (17.1) 1
≥ 1 10/72 (13.9) 0.78 (0.39–1.59)

History of infertility 0.006
No 152/870 (17.5) 1
Yes 42/156 (26.9) 1.74 (1.10–2.58)

*Odds ratios (OR) given for a 10-unit increase in predictor
variable. †Data missing for 552 women. ‡Data missing for 95
women. §Excluding 79 women with absent menstrual bleeding.
¶Excluding 582 nulliparous women. **Excluding 433 nulligravid
women. BMI, body mass index.

DISCUSSION

In this study, the prevalence of deep and/or ovarian
endometriosis in women attending our general gynecol-
ogy clinic was 18.9%. This is consistent with a recent
study that reported an ultrasound-based prevalence
of 21.8% in women undergoing their first assisted
reproductive treatment, using the same diagnostic criteria
as those in this study14. However, previous prospective
ultrasound-based studies reported a much lower preva-
lence12,13, between 4.9% and 6.4%. The difference is
likely due to variation in patient populations, as those
studies also included postmenopausal women12 or only
pregnant women13, in whom diagnosis is difficult due to
anatomical and phenotypical changes. Also, the diagnosis
of endometriosis has evolved significantly since the earlier
study12. The only other study measuring the prevalence
of endometriosis using TVS was retrospective, reporting
a prevalence of deep and ovarian endometriosis of 25%
in women with symptoms suggestive of endometriosis11.
Exclusion of asymptomatic women and those presenting
with non-specific gynecological symptoms could explain
the higher prevalence compared with this study.

Most other published studies describing endometrio-
sis prevalence included highly selected groups of
women, for example women undergoing laparoscopy
for infertility6,31,32, chronic pelvic pain6,31,33–35, steril-
ization5,6,31,36,37 or symptoms not typically associated
with endometriosis38,39. The prevalence reported by these
studies varies significantly, ranging from 3.7% to 81.3%.
Differences in surgical indications and expertise, patient
demographics and presenting symptoms could explain
this variation40.

Table 5 Univariate analysis of association between concomitant
ultrasound diagnoses and presence of endometriosis on
transvaginal ultrasound (n = 1026)

Diagnosis
Endometriosis

present (n/N (%)) OR (95% CI) P

Uterine fibroids 0.70
No 120/647 (18.5) 1
Yes 74/379 (19.5) 1.07 (0.77–1.47)

Adenomyosis < 0.001
No 112/743 (15.1) 1
Yes 82/283 (29.0) 2.30 (1.66–3.18)

Pelvic adhesions < 0.001
No 59/806 (7.3) 1
Yes 135/220 (61.4) 20.10 (13.80–29.40)

Non-endometriotic 0.58
ovarian cyst
No 163/848 (19.2) 1
Yes 31/178 (17.4) 0.89 (0.58–1.35)

Simple benign 0.22
ovarian cyst
No 181/934 (19.4) 1
Yes 13/92 (14.1) 0.68 (0.37–1.26)

Functional hemor- 0.002
rhagic cyst
No 181/995 (18.2) 1
Yes 13/31 (41.9) 3.25 (1.56–6.75)

Dermoid 0.05
No 191/983 (19.4) 1
Yes 3/43 (7.0) 0.32 (0.10–1.04)

Cystadenoma 1.00
No 191/1010 (18.9) 1
Yes 3/16 (18.8) 0.99 (0.28–3.51)

Fibroma* —
No 193/1024 (18.8) —
Yes 1/2 (50.0) —

Ovarian cancer† 1.00
No 194/1022 (19.0) —
Yes 0/4 (0) —

Borderline ovarian cyst* —
No 194/1024 (18.9) —
Yes 0/2 (0) —

Endometrial and 0.78
cervical polyps
No 173/909 (19.0) 1
Yes 21/117 (17.9) 0.93 (0.56–1.53)

Polycystic ovaries 0.52
No 179/933 (19.2) 1
Yes 15/93 (16.1) 0.81 (0.46–1.44)

Dilated Fallopian tubes < 0.001
No 181/1001 (18.1) 1
Yes 13/25 (52.0) 4.91 (2.20–10.90)

Major congenital 0.93
uterine anomaly
No 190/1004 (18.9) 1
Yes 4/22 (18.2) 0.95 (0.32–2.85)

ACUM 1.00
No 193/1021 (18.9) 1
Yes 1/5 (20.0) 1.07 (0.12–9.65)

Renal abnormality 0.02
No 189/1016 (18.6) 1
Yes 5/10 (50.0) 4.38 (1.25–15.30)

Any abnormality < 0.001
No 11/213 (5.2) 1
Yes 183/813 (22.5) 5.33 (2.84–10.00)

*No formal analysis performed due to low number of women with
risk factor. †Unable to calculate odds ratio (OR), as all women in
one group had the same outcome. ACUM, accessory cavitated
uterine malformation.

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Ultrasound Obstet Gynecol 2023; 61: 632–641.
Sons Ltd on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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Figure 3 Fitted relationship between age and probability of having
endometriosis, illustrating findings from univariate analysis.

Table 6 Multivariable analysis of demographic and clinical
variables, concomitant ultrasound diagnoses and their association
with endometriosis (n = 1026)

Variable OR (95% CI) P

Parity 0.03
0 1
1 0.83 (0.43–1.56)
≥ 2 0.44 (0.24–0.81)

Cesarean section 0.002
0 1
1 0.41 (0.18–0.92)
≥ 2 0.18 (0.06–0.52)

Adenomyosis 0.02
No 1
Yes 1.72 (1.10–2.69)

Pelvic adhesions < 0.001
No 1
Yes 25.7 (16.7–39.3)

OR, odds ratio.

The few studies that have attempted to ascertain
the true prevalence of endometriosis in an unselected
population reported prevalences between 0.1% and
8.0%, which is much lower than that suggested
by our findings41. They were, however, based on
questionnaires, self-reported data and population-based
integrated information systems, and would have excluded
women with asymptomatic endometriosis, who are less
likely to have undergone diagnostic tests compared with
symptomatic women.

Our analysis of risk factors for endometriosis concurs
with the existing literature in demonstrating a negative
correlation between parity and endometriosis, meaning
that pregnancy represents a protective factor for
endometriosis42.

In this study, women with one or more previous
Cesarean section were less likely to have endometriosis,
which is at odds with previous studies, in which a higher
risk of endometriosis was noted in women with a history
of Cesarean section43,44. This result was significiant on
multivariable analysis only after adjustments were made

for the presence of pelvic adhesions. Adhesions were more
common in women with a history of Cesarean section and
their frequency increased with the number of previous
Cesareans. However, adhesions after Cesarean section
tend to form mainly in the anterior pelvic compartment,
unlike those typically associated with endometriosis,
which affect the ovaries and POD.

Pelvic adhesions form part of the disease process of
endometriosis18. This study confirmed a strong positive
correlation between the presence of pelvic adhesions
and endometriosis. Identification of pelvic adhesions on
ultrasound should, therefore, raise high suspicion of
endometriosis, although they are not pathognomonic for
endometriosis.

Our univariate analysis found a positive association
between history of infertility and the presence of
endometriosis, however it was no longer significant when
adjusting for pelvic adhesions on multivariable analysis.
Severe endometriosis is thought to affect fertility partly
through distortion of functional anatomy caused by pelvic
adhesions45,46.

Similarly, functional hemorrhagic ovarian cysts were
associated strongly with the presence of endometriosis on
univariate analysis, but multivariable analysis suggested
that this was due to confounding from pelvic adhesions.
A recent study found that significant hemoperitoneum
secondary to ruptured hemorrhagic cysts can trigger devel-
opment of endometriotic deposits and pelvic adhesions47.
That study and ours might suggest that hemorrhagic cysts
are associated with an increased risk of endometriosis.
Fluid from ruptured hemorrhagic cysts and retrograde
menstruation often collects in gravity-dependent regions
of the pelvis, usually the POD, so endometriotic nodules
are more likely to develop in this area, as demonstrated
by this study and others13,48.

We found that 70.5% of women with endometrioma
also had deep endometriotic nodules, which is comparable
to the rate reported by other recent studies13,49,50.
This is important because if ovarian endometriosis has
been identified, deep endometriosis is likely to also be
present, and should be searched for carefully. This can
help to triage patients for surgery, as excision of deep
endometriosis should be performed by expert surgeons51.

This study concurred with the majority of previous stud-
ies12,52–54 in demonstrating a positive correlation between
adenomyosis and the presence of endometriosis. Both
conditions are thought to share similar etiology, including
uterine hyperperistalsis55,56 and estrogen dependence57.

The main strengths of this study are the prospective
design, clearly defined diagnostic criteria and large con-
secutive sample size. All consultations and examinations
were performed by a single examiner with extensive gyne-
cological ultrasound experience, enabling a consistent
approach to data collection and ultrasound examination,
and eliminating interobserver variability.

The main limitation of this study is that the study pop-
ulation may not truly represent the general population,
as women attending general gynecology clinics are more
likely to be symptomatic and potentially suffer from

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Ultrasound Obstet Gynecol 2023; 61: 632–641.
Sons Ltd on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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endometriosis. Furthermore, our general gynecology
clinic could be over-representative of women with symp-
toms suggestive of endometriosis compared to general
gynecology clinics elsewhere. However, the prevalence
reported in this study is probably closer to the true
prevalence in the general population than that described
by previous studies, as TVS allows for the diagnosis of
endometriosis in women not requiring surgery.

While an ultrasound-based diagnosis of endometriosis
was considered inferior to a surgically established
diagnosis before, this view has now shifted10, supported
by the very high agreement between our findings and
laparoscopy. However, ultrasound cannot reliably detect
superficial endometriosis, which is a limitation of this
method. Then again, recent evidence has suggested that
superficial endometriosis may just be a physiological
phenomenon without clinical significance58, in which case
there would be little clinical benefit in establishing its
prevalence.

In conclusion, this study found that deep and
ovarian endometriosis was significantly more common
in women attending our general gynecology clinic than
the background population estimate of 2–10% quoted in
the latest endometriosis guidelines10. In view of this, all
symptomatic women attending gynecology clinics should
be offered a detailed pelvic ultrasound scan to detect
possible pelvic endometriosis and facilitate early and more
effective treatment.
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