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Pubblica, Rome, Italy; 2Department of Fetal Medicine and Obstetric and Gynecologic Ultrasound, Manipal Hospital, Bangalore, India;
3Ultrasonic Scan Centre, Coimbatore, India; 4Department of Fetal Medicine and OBGYN Ultrasound, Manipal Hospital, Bangalore, India;
5Institute for Women’s Health, University College Hospital, London, UK; 6Istituto di Clinica Ostetrica e Ginecologica, Università Cattolica
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What are the novel findings of this work?
This is the largest series of patients with adnexal torsion
described in the literature, with 315 patients evaluated
in different countries. On ultrasound, the most common
findings were an enlarged adnexa with an ovarian mass,
characterized by ovarian stromal edema with or without
peripherally displaced antral follicles, the whirlpool sign
and free fluid in the pelvis.

What are the clinical implications of this work?
Adnexal torsion represents a surgical emergency.
Symptoms and laboratory examinations are often
non-diagnostic and similar to those in other diseases.
Assessment of ultrasound signs of torsion should be
mandatory for counseling and management of the patient,
in order not to delay surgery and to direct the patient to
the correct specialist.

ABSTRACT

Objectives To describe the clinical and ultrasound
characteristics of adnexal torsion.

Methods This was a retrospective study. From the
operative records of the eight participating gynecological
ultrasound centers, we identified patients with a surgically
confirmed diagnosis of adnexal torsion, defined as surgical
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evidence of ovarian pedicle, paraovarian cyst and/or
Fallopian tube twisted on its own axis, who had
undergone preoperative ultrasound examination by an
experienced examiner, between 2008 and 2018. Only
cases with at least two available ultrasound images
and/or videoclips (one grayscale and one with Doppler
evaluation) were included. Clinical, ultrasound, surgical
and histological information was retrieved from each
patient’s medical record and entered into an Excel file
by the principal investigator at each center. In addition,
two authors reviewed all available ultrasound images
and videoclips of the twisted adnexa, with regard to the
presence of four predefined ultrasound features reported
to be characteristic of adnexal torsion: (1) ovarian stromal
edema with or without peripherally displaced antral
follicles, (2) the follicular ring sign, (3) the whirlpool
sign and (4) absence of vascularization in the twisted
organ.

Results A total of 315 cases of adnexal torsion were
identified. The median age of the patients was 30
(range, 1–88) years. Most patients were premenopausal
(284/314; 90.4%) and presented with acute or subacute
pelvic pain (305/315; 96.8%). The surgical approach
was laparoscopic in 239/312 (76.6%) patients and
conservative surgery (untwisting with or without excision
of a lesion) was performed in 149/315 (47.3%) cases.
According to the original ultrasound reports, the median
largest diameter of the twisted organ was 83 (range,

Copyright © 2020 ISUOG. Published by John Wiley & Sons Ltd. ORIGINAL PAPER
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30–349) mm. Free fluid in the pouch of Douglas was
detected in 196/275 (71.3%) patients. Ovarian stromal
edema with or without peripherally displaced antral
follicles was reported in the original ultrasound report
in 167/241 (69.3%) patients, the whirlpool sign in
178/226 (78.8%) patients, absent color Doppler signals
in the twisted organ in 119/269 (44.2%) patients and
the follicular ring sign in 51/134 (38.1%) patients. On
retrospective review of images and videoclips, ovarian
stromal edema with or without peripherally displaced
antral follicles (201/254; 79.1%) and the whirlpool sign
(139/153; 90.8%) were the most commonly detected
features of adnexal torsion.

Conclusion Most patients with surgically confirmed
adnexal torsion are of reproductive age and present with
acute or subacute pain. Common ultrasound signs are
an enlarged adnexa, the whirlpool sign, ovarian stromal
edema with or without peripherally displaced antral
follicles and free fluid in the pelvis. The follicular ring
sign and absence of Doppler signals in the twisted organ
are slightly less common signs. Recognizing ultrasound
signs of adnexal torsion is important so that the correct
treatment, i.e. surgery without delay, can be offered.
Copyright © 2020 ISUOG. Published by John Wiley &
Sons Ltd.

INTRODUCTION

Aim

The aim of this study was to describe the clinical and
ultrasound characteristics of adnexal torsion.

Background

Epidemiology

Adnexal torsion is one of the most common causes of
acute pelvic pain in non-pregnant women, preceded by
corpus luteum rupture with hemorrhage, and followed by
pelvic inflammatory disease, malpositioned intrauterine
device and degenerating fibroids1. It is most common
in women of reproductive age2–4, but can occur in
children5,6 and rarely in postmenopausal women2,7,8. A
national population-based study from Korea reported an
incidence of adnexal torsion of nine per 100 000 women
per year9, whereas a population-based matched cohort
study in 8 532 163 pregnant women reported an incidence
of adnexal torsion of 16 per 100 000 during 8 years10.

Adnexal torsion is defined as rotation of the adnexal
supporting structures (infundibulopelvic ligament and
tubo-ovarian ligament) around their vascular axis. The
severity of the vascular impairment is variable, depending
on the number of twists and the tightness at the neck of
the torsion, which can cause partial or complete vascular
obstruction11. In some cases, only the ovary is twisted,
but in other cases, both the ovary and the Fallopian
tube are involved. Torsion involving only the Fallopian
tube has also been described12–14 in association with

tubal pathology (hydrosalpinx or hematosalpinx) or with
adnexal masses, e.g. paraovarian or paratubal cysts15,16.
Only a few cases of torsion involving only paratubal or
paraovarian cysts have been reported in the literature11,17.

An important risk factor for adnexal torsion is
previous adnexal torsion. Some studies reported that
11–19% of patients with adnexal torsion had previous
adnexal torsion6,18,19. Patients who have had torsion of
a normal adnexa have a higher risk of recurrent torsion
than do patients who have had torsion of an adnexal
cyst11,19. Other reported risk factors are pregnancy and
conditions that are associated with enlarged ovaries,
such as adnexal masses, ovarian hyperstimulation and
polycystic ovary20–22.

Adnexal masses that twist are usually benign, with
dermoid cyst and serous cystadenoma being the most
commonly found pathology2–4. Torsion is unusual in
patients affected by endometriosis or by malignant
lesions, most probably because of the increased likeli-
hood of local inflammation and adhesions that fix the
mass21,23. During pregnancy, adnexal torsion occurs
most frequently in the first trimester, probably because
of the high prevalence of functional ovarian cysts11.
An enlarged corpus luteum is the most common finding
in pregnant women with adnexal torsion24,25. Adnexal
torsion occurs in 0.8–0.13% of women with ovarian
hyperstimulation caused by treatment for infertility26,27.
There is a right-sided predominance of adnexal torsion
and various explanations have been proposed. A common
explanation is that the decreased space in the left side
of the pelvis, due to the presence of the sigmoid colon,
decreases the risk of torsion4,23,28,29.

Microscopy

Adnexal torsion is characterized by strangulation of the
ovarian pedicle, affecting the blood flow. Lymphatic
and venous flows are compromised first, because the
walls of lymphatic vessels and veins are thinner and
more compressible than those of the arteries. This causes
vascular congestion and ovarian edema11. If the torsion
remains untreated, the edema compromises the arterial
flow, causing arterial stasis, which leads to hemorrhagic
infarction and necrosis of the ovarian parenchyma.
Hemorrhagic necrosis is a common pathological finding,
appearing as diffuse extravasation of red blood cells and
variable degrees of devitalized ovarian tissue30.

Macroscopy

On gross examination, the twisted organ appears
enlarged due to engorgement, edema and ischemia,
with bluish-black coloration and distinct hemorrhagic
foci31,32. The black–blue colored surface is explained by
hemorrhagic congestion and necrosis33,34.

Clinical features and prognosis

Most (94–100%) patients with adnexal torsion are
symptomatic and the most common symptom is acute

Copyright © 2020 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2020; 56: 934–943.
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pelvic pain4,35–37. The pain may be constant or
intermittent as the adnexa can twist and untwist38,39.
Nausea and vomiting are present in 70% of cases,
explained by a vagal reflex secondary to intense pain
or by peritoneal irritation5,20,28,35. Fever and restlessness
develop in rare cases40.

In patients of reproductive age, the surgical manage-
ment of adnexal torsion should be untwisting of the organ
or lesion and excision of an adnexal mass if present. A
laparoscopic approach is preferable, whenever possible32.
Preservation of ovarian function has been reported in 88%
to 100% of cases after untwisting of the ovary32,41. An
ultrasound examination should be performed 4–6 weeks
after the untwisting procedure, to document the preserva-
tion of the ovarian parenchyma, by assessing ovarian size,
vascularization and follicular development16,32. Conser-
vative treatment of ovarian torsion, via ultrasound-guided
transabdominal cyst aspiration, represents a reasonable
alternative to surgical intervention in pregnant patients42.

In postmenopausal women, unilateral salpingo-
oophorectomy is justified due to a higher risk of malig-
nancy and for prevention of recurrence. The decision
regarding bilateral salpingo-oophorectomy should be
made after discussing the potential risks and benefits
with the patient7.

METHODS

This was a retrospective study performed in eight
ultrasound centers (Rome, Bangalore (two centers),
Coimbatore, London, Milan, Stockholm and Cagliari).
From the operative records of the participating centers,
patients with surgically confirmed adnexal torsion, who
had undergone preoperative ultrasound examination by
an experienced ultrasound examiner between 2008 and
2018, were identified. The study was approved by the
Institutional Review Board of the study co-ordinator
center.

To be included in the study, the patient needed to have a
surgical diagnosis of adnexal torsion, defined as evidence
of ovarian pedicle, paraovarian cyst and/or Fallopian tube
twisted on its own axis. Moreover, only patients with at
least two available ultrasound images and/or videoclips
(one grayscale and one with Doppler evaluation) were
included. All patients had been examined preoperatively
with transvaginal, transrectal or transabdominal ultra-
sound using a standardized examination technique43. The
ultrasound examinations were carried out using high-end
ultrasound equipment; the frequency of the transvaginal
probes varied between 5.0 and 9.0 MHz and that of the
transabdominal probes between 3.5 and 5.0 MHz. All
ultrasound examiners had more than 10 years’ experience
in gynecological ultrasound.

For all patients, clinical, ultrasound, surgical and histo-
logical information was retrieved from the their medical
records and ultrasound reports and entered into an Excel
file by the principal investigator at each center. The follow-
ing clinical information was recorded: parity, menopausal
status, previous gynecological surgery, history of adnexal

mass, adnexal torsion, pelvic inflammatory disease, tubal
ligation or endometriosis, history of or current treatment
with assisted reproductive techniques, ongoing estrogen
or gestagen therapy and cancer antigen 125 (CA125)
at diagnosis. Symptoms were also documented, pelvic
pain in particular. Acute pelvic pain was defined as the
sudden onset of lower abdominal or pelvic pain lasting
less than 3 months, and as subacute if it lasted between
3 and 6 months44. Chronic pelvic pain was defined as
intermittent or constant pain in the lower abdomen or
pelvis for at least 6 months, not occurring exclusively dur-
ing menstruation or intercourse, and not associated with
pregnancy45. Recurrent abdominal pain was defined as
at least three episodes of abdominal pain over a period
of at least 3 months and severe enough to affect daily
activities46. Information on the surgical approach when
treating the torsion, the type of operation and final his-
tology (when present), as judged by the local pathologist,
was also retrieved.

The following ultrasound information was recorded for
each patient: organ judged to be involved in the torsion
(Fallopian tube, ovary or paraovarian cyst), size of the
twisted organ or lesion, free fluid in the pelvis and position
of the twisted organ with respect to the uterus (anterior,
posterior or lateral). In cases of lateral position, we speci-
fied whether the position of the twisted organ was ipsi- or
contralateral with respect to the involved adnexa. When
described in the original ultrasound report, the presence
of the following ultrasound signs of adnexal torsion was
noted: ovarian stromal edema with or without peripher-
ally displaced antral follicles47,48 (Videoclip S1), the follic-
ular ring sign i.e. hyperechogenic rim of follicle49 (Video-
clip S2), the whirlpool sign50–52 (Videoclip S3), absence
of vascularization on Doppler examination45,48,53–56

(Videoclips S4 and S5) and tenderness of the organ sus-
pected to be twisted when touched with the transvaginal
probe or the outer free hand. The specific diagnosis
suggested by the original ultrasound examiner in the orig-
inal ultrasound report, according to pattern recognition,
was also recorded. In cases of bilateral adnexal torsion
detected on ultrasound, the adnexa with the largest diam-
eter was used in the statistical analysis. If there was an
adnexal mass, the International Ovarian Tumor Analysis
(IOTA) terminology43 had been used in the ultrasound
report to describe the ultrasound image of the mass.

In addition to retrieving information from patient
records and ultrasound reports, two authors with more
than 10 years’ experience in gynecological ultrasound
(A.C.T. and F.M.), reviewed retrospectively all the ultra-
sound images and videoclips of the twisted adnexa with
regard to the presence of four predefined ultrasound fea-
tures reported to be characteristic of adnexal torsion: (1)
ovarian stromal edema with or without peripherally
displaced antral follicles, (2) the follicular ring sign, (3)
the whirlpool sign and (4) absence of vascularization in
the twisted organ. If the images/videoclips did not contain
the information necessary to judge on the presence or
absence of these predefined ultrasound features, the
reviewers classified the feature as not assessable.

Copyright © 2020 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2020; 56: 934–943.
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Results are presented as n (%) and as median (range)
for discrete and continuous variables, respectively.
All statistical calculations were performed using Stata
software version 13.0 (Stata Corp., College Station, TX,
USA).

RESULTS

We identified 315 patients, with adnexal torsion and
available grayscale and Doppler ultrasound images and/or
videoclips, from the databases of the participating centers.
Seven (2.2%) of the 315 patients were included in the
IOTA phase-5 study54. Demographic background data
and clinical characteristics of the patients are shown in
Table 1. The median age was 30 (range, 1–88) years and
most (284/314; 90.4%) patients were premenopausal.
Almost all (305/315; 96.8%) patients presented with
acute or subacute pelvic pain and 187/313 (59.7%) had
nausea/vomiting.

Table 1 Clinical characteristics of 315 patients with adnexal
torsion

Characteristic Value

Age (years) 30 (1–88)
Nulliparous 144/296 (48.6)
Contemporaneous estrogen or gestagen therapy 29/293 (9.9)
Premenopausal 284/314 (90.4)
Previous surgery

Hysterectomy 9 (2.9)
Unilateral salpingo-oophorectomy 10 (3.2)
Unilateral or bilateral cystectomy 12/297 (4.0)
Other pelvic surgery 27/295 (9.2)

Presence of adnexal mass known before torsion
symptoms developed

31/293 (10.6)

Previous adnexal torsion 14/297 (4.7)
Previous ART of any type 9/266 (3.4)
Ongoing ART of any type 10/296 (3.4)
Previous ovarian hyperstimulation syndrome 2/266 (0.8)
Current ovarian hyperstimulation syndrome 8/296 (2.7)
History of polycystic ovary syndrome 30/286 (10.5)
History of tubal ligation 23/295 (7.8)
History of endometriosis 5/292 (1.7)
History of pelvic inflammatory disease 4/287 (1.4)
CA125 (U/mL)* 10.8 (0–448)
History of pain triggered by activity 16/286 (5.6)
History of similar episode of pain 45/289 (15.6)
Symptoms

Acute or subacute pelvic pain 305 (96.8)
Chronic pelvic pain 2/309 (0.6)
Recurrent pelvic pain 8/309 (2.6)
Laterality of pain

Right 143/237 (60.3)
Left 94/237 (39.7)

Abdominal distension 37/314 (11.8)
Fever 13/309 (4.2)
Nausea/vomiting 187/313 (59.7)
Other 35/312 (11.2)

Patient included in IOTA studies (IOTA5) 7 (2.2)

Data are given as median (range), n/N (%) or n (%). For categori-
cal variables, denominators differ due to missing data. *Measured
≤ 3 days before or after ultrasound examination. ART, assisted
reproductive techniques; CA125, cancer antigen 125; IOTA,
International Ovarian Tumor Analysis.

Surgical and histological findings are shown in Table 2.
The surgical approach was laparoscopic in most (239/312;
76.6%) cases. The organs/lesions involved in the twisting
were only the ovary in 143/313 (45.7%) patients, both the
ovary and the Fallopian tube in 112/313 (35.8%) patients,

Table 2 Surgical and histological characteristics of 315 patients
with adnexal torsion

Characteristic Value

Type of surgery
Laparoscopy 239/312 (76.6)
Laparotomy 73/312 (23.4)

Laterality of twisted adnexa
Right 181 (57.5)
Left 132 (41.9)
Bilateral 2 (0.6)

Organ involved in torsion
Only ovary 143/313 (45.7)
Only Fallopian tube 29/313 (9.3)
Both ovary and Fallopian tube 112/313 (35.8)
Paraovarian cyst 14/313 (4.5)
Other* 15/313 (4.8)

Surgical procedure
Unilateral salpingo-oophorectomy 87 (27.6)
Untwisting† 75 (23.8)
Untwisting + excision of lesion‡ 74 (23.4)
Unilateral oophorectomy 43 (13.7)
Bilateral salpingo-oophorectomy 10 (3.2)
Hysterectomy + bilateral adnexectomy 7 (2.2)
Debulking surgery 4 (1.3)
Unilateral salpingectomy 5 (1.6)
Unilateral salpingectomy + paraovarian cyst

excision
4 (1.3)

Bilateral oophorectomy 3 (1.0)
Bilateral salpingectomy 1 (0.3)
Paraovarian cyst excision 1 (0.3)
Bilateral salpingectomy + paraovarian cyst
excision

1 (0.3)

Excised tissue sent for histological examination 240 (76.2)
Histology in cases of excised tissue

Ovary
No mass 38/240 (15.8)
Benign mass

Serous/mucinous cystadenoma 49/240 (20.4)
Dermoid cyst 43/240 (17.9)
Ovarian fibroma 11/240 (4.6)
Other 25/240 (10.4)

Borderline
Serous or mucinous 3/240 (1.3)

Malignant mass 4/240 (1.7)
Fallopian tube

No lesion 2/240 (0.8)
Hydrosalpinx 14/240 (5.8)
Other (paratubal/fimbrial cyst or ectopic

pregnancy)
8/240 (3.3)

Paraovarian cyst§ 18/240 (7.5)
Adnexa with no cyst + tubal torsion with

no lesion
6/240 (2.5)

Paraovarian cyst§ + tubal lesion 18/240 (7.5)
Acute pelvic inflammatory disease 1/240 (0.4)

Histological signs consistent with torsion¶ 169/209 (80.9)

Data are given as n/N (%) or n (%). For categorical variables,
denominators differ due to missing data. *Seven cases involving
both paraovarian cyst and Fallopian tube, six cases involving para-
ovarian cyst and ovary and two cases involving paraovarian cyst
and hydrosalpinx. †With drainage in three cases. ‡Three cases also
underwent unilateral salpingectomy and one also underwent
oophorectomy. §All paraovarian cysts benign. ¶Ischemia, necrosis,
hemorrhage, infarction.

Copyright © 2020 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2020; 56: 934–943.
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938 Moro et al.

only the Fallopian tube in 29/313 (9.3%), paraovarian
cyst in 14/313 (4.5%) patients and other in 15/313
(4.8%) patients (paraovarian cyst and Fallopian tube
in seven cases, paraovarian cyst and ovary in six cases
and paraovarian cyst and hydrosalpinx in two cases).
Conservative surgery (untwisting with or without excision
of the lesion) was performed in 149/315 (47.3%) patients.
Final histology was reported in 240/315 (76.2%) cases,
while 75/315 (23.8%) underwent adnexal untwisting
only, without excision of tissues. According to histological
examination of excised tissues, most (135/240; 56.3%)
patients with adnexal torsion had an ovarian mass,
22/240 (9.2%) had a tubal lesion/hydrosalpinx, 18/240
(7.5%) had a paraovarian cyst, 18/240 (7.5%) had both
a paraovarian cyst and tubal lesion, 1/240 (0.4%) had
acute pelvic inflammatory disease and in 46/240 (19.2%)
patients no adnexal pathology was reported. Among
patients with an ovarian mass, 128/135 (94.8%) had
benign histology.

The sonographic characteristics of the twisted adnexa
are shown in Table 3. The median largest diameter of
the twisted organ, as measured on ultrasound, was 83
(range, 30–349) mm and the median largest diameter of
an adnexal mass, if present, was 77 (range, 20–349) mm.
Most adnexal lesions were classified as unilocular cysts
(102/160; 63.8%) (Figure 1) and the cyst fluid was most
often described as anechoic (94/204; 46.1%). Free fluid in
the pouch of Douglas was detected in 196/275 (71.3%)
patients. The position of the twisted organ, with respect
to the uterus, was anterior in 44/246 (17.9%) patients,
posterior in 54/246 (22.0%) patients and lateral in
148/246 (60.2%) patients, with ipsilateral or contralateral
location, with respect to the involved adnexa, in 139/246
(56.5%) and 9/246 (3.7%), respectively. There was no
information available on the site of the twisted adnexa in
69/315 (21.9%) cases.

Information on the presence/absence of ovarian stromal
edema with or without peripherally displaced antral fol-
licles was available in the original ultrasound reports for
241/315 patients and was reported as present in 167/241
(69.3%) (Figure 2). Information on the follicular ring
sign was available in 134/315 patients and was reported
as present in 51/134 (38.1%) (Figure 3). Information on
the whirlpool sign was available in 226/315 patients, and
it was reported as present in 178/226 (78.8%) (Figure 4).
Information on Doppler signals in the twisted organ was
available in 269/315 patients, and were reported as absent
in 119/269 (44.2%) (Figure 5). Information on tenderness
of the organ/lesion suspected to be twisted, when touched
with the transvaginal probe or operator’s free hand
was available in 211/315 patients and was reported as
present in 164/211 (77.7%). The original examiner was
certain of the diagnosis of torsion in most (269/315;
85.4%) cases. Among the cases with invasive histology,
the examiners suggested malignancy in two of three
cases with invasive cancer (ovarian choriocarcinoma and
immature teratoma) and they did not report any ultra-
sound features of torsion; in one invasive case (mucinous

Table 3 Ultrasound characteristics in 315 patients with adnexal
torsion, as described in original ultrasound report

Characteristic Value

Laterality of torsion
Right 168/307 (54.7)
Left 131/307 (42.7)
Uncertain 7/307 (2.3)
Bilateral* 1/307 (0.3)

Organ involved in torsion
Ovary 203/302 (67.2)
Fallopian tube 24/302 (7.9)
Paraovarian lesion 14/302 (4.6)
Combination of any of above 61/302 (20.2)

Largest diameter of twisted organ (mm)† 83 (30–349)
Largest diameter of ovary on side of torsion (mm)‡ 78 (20–349)
Largest diameter of adnexal mass/lesion if present

(mm)§
77 (20–349)

IOTA morphological classification of adnexal mass
involved in twisted organ if present
Unilocular 102/160 (63.8)
Multilocular 23/160 (14.4)
Unilocular-solid 11/160 (6.9)
Multilocular-solid 8/160 (5.0)
Solid 16/160 (10)

Specific diagnosis of adnexa involved in torsion,
according to pattern recognition
Twisted ovary without any mass 15/168 (8.9)
Dermoid cyst 39/168 (23.2)
Fibroma 11/168 (6.5)
Mucinous cystoadenoma 26/168 (15.5)
Hemorrhagic cyst 17/168 (10.1)
Endometrioma 1/168 (0.6)
Hydrosalpinx or paraovarian cyst 47/168 (28.0)
Ectopic pregnancy 1/168 (0.6)
Hyperstimulated ovary 1/168 (0.6)
Borderline tumor 6/168 (3.6)
Primary ovarian cancer 4/168 (2.4)

Free fluid in pelvis 196/275 (71.3)
Echogenicity of cyst fluid of twisted mass

if cyst fluid present
Anechoic 94/204 (46.1)
Low-level 61/204 (29.9)
Ground-glass 5/204 (2.5)
Mixed 44/204 (21.6)

Location of twisted organ
Anterior to uterus 44/246 (17.9)
Posterior to uterus 54/246 (22.0)
Ipsilateral to side of involved adnexa 139/246 (56.5)
Contralateral to side of involved adnexa 9/246 (3.7)

Ovarian stromal edema with or without
peripherally displaced antral follicles

167/241 (69.3)

Follicular ring sign 51/134 (38.1)
Whirlpool sign 178/226 (78.8)
No detectable Doppler signals in twisted organ 119/269 (44.2)
Tenderness of organ/lesion suspected to be

twisted¶
164/211 (77.7)

Examiner certainty of ultrasound diagnosis of
torsion
Certain 269 (85.4)
Uncertain (e.g. torsion cannot be excluded) 18 (5.7)
No sign of torsion 1 (0.3)
Torsion not mentioned as possible diagnosis 24 (7.6)
Report not interpretable in this regard 3 (1.0)

Data are given as n/N (%), median (range) or n (%). For categorical
variables, denominators differ due to missing data. *Bilateral
torsion detected surgically in two cases, but described in ultrasound
report in only one case. †Information available for 312 cases.
‡Information available for 295 cases. §Information available for
250 cases. ¶When touched with transvaginal probe or operator’s
free hand. IOTA, International Ovarian Tumor Analysis.

Copyright © 2020 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2020; 56: 934–943.

 14690705, 2020, 6, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/uog.21981 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [09/03/2023]. 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



Adnexal torsion 939

Figure 1 Ultrasound images of twisted ovaries with adnexal masses: (a,b,f) serous cystadenomas; (c,e) mature cystic teratoma; (d) corpus
luteum; (g) Fallopian tube with pyosalpinx; (h) mucinous borderline tumor; and (i) fibroma. Ovarian stromal edema with or without
peripherally displaced antral follicles is seen in (a–f) and follicular ring sign is seen in (c–e).

Figure 2 Ultrasound images of twisted adnexa, showing ovarian stromal edema with or without peripherally displaced antral follicles.

Copyright © 2020 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2020; 56: 934–943.
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940 Moro et al.

adenocarcinoma), the examiner suggested benign histol-
ogy and reported stromal edema. Among four cases with
borderline histology, the examiners classified correctly
three cases as borderline, of which two had evidence
of torsion (whirlpool sign in one case and edema in the
other) and misdiagnosed one case as benign with no sign
of torsion.

On retrospective review of the images and videoclips
from the 315 patients, predefined features of torsion
could not be assessed in all cases but, in those that could,
ovarian stromal edema with or without peripherally
displaced antral follicles (201/254; 79.1%) and the
whirlpool sign (139/153; 90.8%) were the most common
ultrasound signs of adnexal torsion (Table 4).

Figure 3 Ultrasound images of twisted adnexa manifesting follicular ring sign. LO, left ovary; RO, right ovary.

Figure 4 Ultrasound images of twisted adnexa manifesting whirlpool sign.

Copyright © 2020 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2020; 56: 934–943.
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Adnexal torsion 941

Figure 5 Color Doppler images of twisted adnexa without (a–c) and with (d–i) vascularization.

Table 4 Ultrasound features of adnexal torsion on review of
images and videoclips from 315 patients, by two experienced
ultrasound examiners

Characteristic Value

Ovarian stromal edema with or without
peripherally displaced antral follicles

201/254 (79.1)

Follicular ring sign 88/178 (49.4)
Vascularization absent on color Doppler 145/277 (52.3)
Whirlpool sign 139/153 (90.8)

Data are given as n/N (%). Prevalence of parameters calculated
using only cases with images/videoclips of sufficient quality to
allow reliable assessment.

DISCUSSION

In this study, we have described the clinical, surgical,
histological and ultrasound characteristics of surgically
confirmed adnexal torsion. The median age of the patients
was 30 years and 90% were premenopausal. All patients
were symptomatic and the most common presenting
symptom was acute or subacute pelvic pain. At surgery,
the organs involved in the twisting were the ovary only or
both the ovary and Fallopian tube in most cases, and most
surgically removed lesions were benign. On ultrasound,
the most common finding was an enlarged adnexa, with
an ovarian mass characterized by ovarian stromal edema
with or without peripherally displaced antral follicles, the
whirlpool sign and free fluid in the pelvis.

To the best of our knowledge, this is the largest study
describing ultrasound findings in adnexal torsion. Review
of ultrasound images or videoclips as a complement to the
review of original ultrasound reports is another strength.
A limitation of this study is that it is retrospective; some
clinical, surgical and ultrasound information could not
be retrieved for all cases. It is possible that the original
examiners did not always note the presence or absence
of the predefined ultrasound features of adnexal torsion
in their report, even if they did use these signs to assess
the diagnosis of adnexal torsion. Although ultrasound
images and/or videoclips were available for all patients,
the predefined ultrasound features of adnexal torsion
could not always be assessed on retrospective review,
because of insufficient information in the saved images.
This may have limited the possibility to describe correctly
the ultrasound features of adnexal torsion. Moreover,
when reviewing saved images, the ultrasound examiners
knew the diagnosis. This may have introduced bias that
could explain why the whirlpool sign and ovarian stromal
edema with or without peripherally displaced antral
follicles were more common on review of the images than
in the original ultrasound reports. Because of our study
design, we cannot report on the sensitivity and specificity
of ultrasound with regard to diagnosing adnexal torsion.
Sensitivity and specificity can be estimated only in a
prospective study; however, before starting a prospective

Copyright © 2020 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2020; 56: 934–943.
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942 Moro et al.

study, the typical ultrasound characteristics of adnexal
torsion should be known.

Our results are in agreement with information in
publications describing the clinical and histological
characteristics of adnexal torsion, in that most patients
were symptomatic35,36,52,57, adnexal torsion was diag-
nosed mainly in premenopausal women2–4 and most
surgically removed twisted ovarian lesions were benign,
with cystadenomas and dermoid cysts being the most
common2–4,23. In this series, 38% (121/315) of patients
had torsion of normal adnexa, as documented by the
number of cases treated only with untwisting of the
adnexa and the number of cases with no pathology at
histology. This is a slightly lower rate than that reported
in the literature23. Among the 121 patients with no
evidence of adnexal pathology, 112 had evidence of
the whirlpool sign and/or ovarian stromal edema with
or without peripherally displaced antral follicles; in the
remaining nine patients, the original examiner reported
enlarged adnexa associated with pelvic pain, but no
other ultrasound sign of torsion. Among patients with
final histology, the vast majority (81%) of the adnexa
manifested histological signs consistent with torsion. In
cases (19%) with no evidence of specific histological signs
of torsion (ischemia, necrosis, hemorrhage or infarction),
we suspect that the pathologist described the nature only
of the surgically removed adnexal lesion.

Untwisting of the twisted organ is recommended as
the standard surgical treatment for patients with adnexal
torsion32. In this series, only 45% of patients were
managed with untwisting (or untwisting plus excision
of the lesion) only, probably because conservative
management was considered inappropriate in some
patients, e.g. in postmenopausal patients or in patients
with suspicion of malignancy on ultrasound or frozen
section. In other cases, the surgeon probably decided
not to manage conservatively because of necrotic
appearance of the twisted organ. However, recent studies
support conservative management with untwisting in
premenopausal patients, even if there are signs of organ
necrosis32. Ovarian function after untwisting has been
documented in 93–100% of cases reported as necrotic
at macroscopic assessment19,32,43. In patients with a
twisted ovarian mass or twisted paraovarian cyst, the
appropriate treatment should be surgical excision of the
mass and untwisting of the residual ovarian parenchyma.
In cases of a twisted tube with no lesion, conservative
management in premenopausal patients is preferred over
surgical removal of the tube, whereas in cases of a twisted
hydrosalpinx, removal of the organ is recommended58,59.

Several studies have described the sonographic appear-
ance of adnexal torsion, but most are small and described
few ultrasound features28,34,47–49,53,60,61. The largest
series was reported by Mashiach et al.47, including 47
patients with surgical confirmation of ovarian torsion.
The most typical ultrasound findings of a twisted ovary
were reported to be an enlarged ovary, ovarian edema
and free fluid in the pelvis. Other studies focused only on
the whirlpool sign and found it to be present in 88–100%

of patients with adnexal torsion13,50–52,62. The follicular
ring sign was first described by Sibal49, who found it to
be present in 12/15 (80%) patients with a diagnosis of
ovarian torsion, and it was suggested that this feature is
an early sign of torsion. Histological examination showed
that the follicular ring sign was explained by edema,
engorged capillaries and hemorrhage within the thecal
layer of the follicles, as well as in the perifollicular region
of the stroma immediately surrounding the follicles. On
retrospective review of our images, we recognized the
follicular ring sign in half of the cases. We noted absence
of Doppler signals in the twisted adnexa in fewer than
half of our patients, confirming that vascularization does
not exclude torsion47,54–56,63.

Recognizing ultrasound signs of adnexal torsion is
important so that surgery is not delayed. The ultrasound
examination may also provide information on the
most likely origin of the twisted organ (ovary, tube
or paraovarian cyst) and define its nature as benign,
borderline or malignant. This allows planning of the
most appropriate management. In cases of suspicion of a
malignant ovarian tumor, the surgical treatment should
include both resolution of the torsion and oncological
surgical staging, if the diagnosis is made in an oncological
center40,64. Secondary-staging surgery in a gynecological
oncology center should be planned after resolving the
urgency, if the patient is treated initially in a unit not
specialized in gynecological oncological surgery2.
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SUPPORTING INFORMATION ON THE INTERNET

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

Videoclips S1–S5 Ultrasound imaging of twisted ovary showing ovarian stromal edema with or without
peripherally displaced antral follicles (Videoclip S1), showing follicular ring sign (Videoclip S2), showing
whirlpool sign (Videoclip S3), with no vascularization (Videoclip S4), with vascularization (Videoclip S5).
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