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Abstract: Ovarian torsion is defined as twisting of the ovary around an axis consisting of its vascular pedicle, the infundibulopelvic
ligament and the tubo-ovarian ligament, and can occur in females of any age. Torsion can be a result of ovarian mass causing
asymmetry and subsequent torsion, or can be spontaneous. While ovarian torsion is a surgical emergency, early diagnosis and
treatment can preserve ovarian viability even if necrosis is seen operatively. Presentation classically involves sudden onset severe
abdominal pain and vomiting but diagnostic delay can follow subtler presentations. Diagnosis is most commonly based on sonographic
findings, but advanced imaging such as CT or MRI may be required if sonography is not diagnostic. Treatment is surgical, with ovarian
preservation preferred in almost all cases. In this review, I present the most recent evidence on epidemiology, diagnosis, and
management of pediatric ovarian torsion, with a focus on point-of-care ultrasound for the emergency care provider.
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Introduction

Ovarian torsion occurs most frequently during the neonatal period and during adolescence with a mean age of 14.5 years,'
although several series report younger average ages.” > Ovarian torsion has an incidence of 4.9 per 100,000 children,' and up
to 4% of PED visits for acute abdominal pain in females are due to ovarian torsion.® In neonates, ovarian torsion may be
asymptomatic representing antenatal torsion.” In infants, the location of the torsed ovary may be in an inguinal hernia sac
(Figure 1).® In children over a year of age, ovarian torsion comprises 1.3% of acute surgical diagnoses.’

The presentation of ovarian torsion can be non-classic, and diagnostic delay is common. In one series, 38% of
premenarchal girls and 20% of postmenarchal girls experienced delay in diagnosis ranging from 12 hours to 4 days,® with
premenarchal girls significantly more likely to have a missed diagnosis on initial evaluation.” Ovarian necrosis can occur
after as little

7 as 10 hours of abdominal pain and in the series authored by Prieto et al 34% of premenarchal and 17% of
postmenarchal girls were found to have necrosis of the affected ovary at the time of surgery.® The time from patient
presentation with ovarian torsion to surgery ranges from an average of 16 hours to a median of 101 hours.'®"'* While the
incidence of pediatric ovarian torsion is similar to that of pediatric testicular torsion, the rate of oophorectomy is
approximately one and a half times that of orchiectomy.® Just as evaluation of abdominal pain in a male requires
examination of testes, evaluation of abdominal pain in a female requires consideration of ovarian torsion in the
differential diagnosis.

Clinical Presentation
Torsion classically presents with sudden onset abdominal pain and vomiting. In one series, 41% of patients with ovarian torsion
presented to the PED after two days of abdominal pain, and 33% presented with a visual analog scale (VAS) of 6 or lower. There,
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Figure | An inguinal ovarian hernia. This is a transverse view with a linear high-frequency probe in sagittal orientation over the left inguinal area. The ovarian stalk (arrow) is
seen to communicate with the abdomen. Color flow can be seen in the center of the ovary. The ovary is not edematous and is without secondary signs of ischemia such as
surrounding free fluid.

three patients who were discharged from the PED the day prior suffered ovarian loss.'® A second series reported that only 51% of
premenarchal and 41% of postmenarchal patients presented with non-severe pain, and that pain was present for two days or more
in 47% of premenarchal and 52% of postmenarchal patients.'" In a majority of patients, pain is intermittent.'* Constipation or
dysuria can be presenting signs of torsion in 7.8% and 5.8%, respectively.? While one series found fever to be present in 7.3% of
pediatric OT,'® a more recent series of 193 cases of ovarian torsion, fever was not found in a single case.'*

Laboratory Evaluation
There is no laboratory profile that can predict adnexal torsion. Pyuria can be associated with ovarian torsion.'® There may
be mild leukocytosis and elevated CRP.>'7 Leukocytosis has been postulated to result from cortisol release resulting from

ovarian ischemia.'® Both leukocytosis and elevated CRP are associated with ovarian ischemia.'®

Diagnostic Imaging
The first-line imaging modality in the diagnosis of ovarian torsion is ultrasound.*® Ultrasound has been shown to have higher
sensitivity to CT for ovarian torsion without exposure to ionizing radiation.”’ A recent meta-analysis showed ultrasound to
have a pooled sensitivity of 0.79 and a specificity of 0.76, compared to MRI at 0.81 and 0.91, respectively.”” MRI is the
preferred modality to image an ovarian mass that has resulted in torsion, and can be performed after detorsion.?’

More recently, contrast-enhanced sonography has been explored as an improved diagnostic modality.”* Machine-learning
as well has been applied to develop sonographic algorithms in the identification of ovarian torsion, with a sensitivity of
approximately 95% and specificity of 92%.%° Cases with equivocal findings on imaging may require diagnostic laparoscopy.*®

Point-of-Care Ultrasound
While ultrasound is traditionally performed by trained sonographers, more recent literature supports POCUS as a diagnostic
screening tool in the evaluation of potential ovarian torsion. ACEP 2016 Emergency US Guidelines lists POCUS for adnexal
pathology as an Adjunct or Emerging rather than Core POCUS application.”” POCUS for adnexal pathology, using both
transabdominal and intracavitary views, in an adult ED resulted in LOS 162 minutes less than those who received radiology
performed ultrasound, with no alternative diagnoses in a two-week follow-up period.”® A recent study of adult ED patients
examined with point-of-care transvaginal sonography demonstrated that in 79% of patients both ovaries were visualized and
that POCUS led to changes in plan in 43% of patients, with a similarly decreased LOS.?*’ Literature on pediatric ovarian
torsion diagnosed with POCUS is currently limited to case reports and a case series.>'~% 2

Evaluation of the ovaries and uterus in the pediatric patient is performed with a low-frequency curvilinear probe
placed transabdominally, just above the pubic symphysis. A full bladder is helpful to fully image the uterus/ovaries in the
transabdominal view (Figure 2). Fanning in transverse and sagittal orientations brings pelvic structures into view. In the
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Figure 2 Transverse view with a curvilinear low-frequency probe. A normal right ovary (arrow) is seen beneath the full bladder.

transverse orientation, it is often helpful to rock the probe away from the ovary under examination (ie, rock away from
the probe indicator to improve the view of the right ovary) using the bladder as an acoustic window between the probe
and the ovary. Non-virginal females can be offered the option of transvaginal sonography which increases the quality of
the images without requiring a full bladder. However, transvaginal sonography is generally not available as a point of
care examination in the PED and will therefore not be further discussed in this review.

An ovarian diameter over four centimeters has been reported to be the most sensitive marker of torsion, with
a majority of torsed ovaries presenting in a medial location (Figure 3).** In an adult ED, sensitivity, specificity of
three centimeter mean ovarian diameters were 100% and 30% (Figure 4) and for five centimeter mean ovarian diameter
91% and 92%.** Ovarian asymmetry can be the first clue of ovarian torsion, with a 50% increase in ovarian volume
compared to the unaffected side highly specific for ovarian torsion in premenarchal girls.*> A recent series of pediatric
patients found a median 5.57X difference in volume between affected and unaffected ovaries.'*

Figure 3 A torsed ovary in a medial location. Transverse view with a curvilinear low-frequency probe. A hyperechoic torsed right ovary (arrow) is seen close to midline
beneath the full bladder.
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Figure 4 Enlarged ovary (star) without secondary signs of torsion. This is a transverse view with a linear high-frequency probe. This ovary was found in an | | -year-old right
presenting with ipsilateral lower abdominal pain. The diameter measured 3.6 centimeters. It lacks increased echogenicity indicative of edema, perifollicular enhancement.
Gynecology evaluation found normal blood flow to the ovary.

Venous congestion and ischemia lead to edema and hemorrhage, causing increased echogenicity in the torsed ovary
when compared with the healthy ovary. The follicular ring sign, indicating perifollicular edema, is an early indication of
torsion and can be seen in 74% of cases (Figure 5).>° The affected ovary may have peripherally located follicles, but this
is not specific for torsion and can be found bilaterally in polycystic ovaries, without signs of edema.?” Similarly, medial

Figure 5 A torsed ovary with perifollicular edema. This is a sagittal view with a curvilinear low frequency probe of a torsed ovary in an 8-year-old. The ovary (star) is
located to the left of the hypoechoic bladder. Perifollicular edema is represented by a hyperechoic ring (arrow) on the right side of the ovary.
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location of the ovary is found in 1.2% of females without torsion and free fluid in the pelvis is frequently found in
females without torsion.?® In a torsed ovary, medial location of the ovary and uterine deviation toward the affected ovary
are due to mass effect.”> The most specific sign of torsion, the whirlpool sign indicating twisted vasculature, is
infrequently identified even by experienced sonographers.'® The “double bladder” sign characterizes a large, anechoic
ovarian cyst that may be mistaken for bladder (Figure 6).*® This cyst is associated with a medially located, enlarged,
torsed ovary and is not bordered posteriorly by uterus.

Presence of follicle peripheralization and the presence of free fluid in the abdomen on ultrasound are predictors of
a higher degree of torsion in children.’® In girls undergoing surgical treatment of paraovarian cysts, torsion was
frequently found, with no difference in rate of preoperative sonographic detection of paraovarian cysts, or mean cyst
diameter between children with and without torsion.*® Therefore, POCUS must assess the need for further or expedited
gynecological evaluation.

There is controversy regarding the utility of Doppler flow in the evaluation of ovarian torsion, as absence of flow may
be due to sonographer inexperience or young patient age. The ovary has a dual blood supply and presence of flow to an
edematous ovary can be seen in early or incomplete torsion and a torsed ovary can present with normal arterial flow in
almost one-third of cases.'*?>*!*** Prieto et al report that only 38% of torsed ovaries were found to have lack of Doppler
flow.°

While absence of an enlarged ovary without a full bladder has been suggested to exclude ovarian torsion,** bowel gas
can obscure the torsed ovary>> and a rapid intravenous fluid bolus prior to sonography can increase diagnostic accuracy.

A hemorrhagic corpus luteum ovarian cyst, occurring after ovulation, can present similarly to ovarian torsion** and
can be similar to torsion on sonography (Figures 7 and 8). Isolated torsion of the fallopian tube is a rare entity in children
and can present sonographically with normal ovaries and a paraovarian mass representing fallopian tube enlargement
along with free intraperitoneal fluid.*’

Management
Through the first decade of the 21st century, oophorectomy was performed on pediatric patients with torsion in 78% of
cases in the United States, and a majority of cases in France and Canada.>**® From 2012 to 2017, pediatric
oophorectomy rates in the United States dropped from 36% to 18%.%’

In contrast to ovarian torsion in the adult population, malignant masses are rarely associated with pediatric ovarian
torsion, and ovarian salvage is generally preferred to oophorectomy. 0.4% to 1.4% of pediatric ovarian torsion is
associated with malignancy.'* The majority of paraovarian masses are comprised of benign mass or cyst. Prieto et al

Figure 6 The double bubble sign. Transverse suprapubic view with a low frequency probe. The hyperechoic torsed ovary (arrow) sits between the bladder to the left (star)
and the large ovarian cyst to the right (triangle).
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Figure 7 Involuting corpus luteum. This ovary (arrow) was seen in a |4-year-old with ipsilateral lower abdominal pain, and was thought on POCUS to be torsed despite the
presence of flow and isoechogenicity with the unaffected ovary. The structure demonstrated asymmetry in size when compared with the unaffected ovary, peripheralized
follicles (arrowheads), and surrounding free fluid (triangle).

Frq low
Qual norm
WMF low2

PRF 1.3kHz

Figure 8 Involuting corpus luteum. On gynecology evaluation of the patient presented in Figure 7, a hypoechoic linear structure (involuting fibrin core, arrow) in the
presence of low-resistance blood flow (arrowhead) was suggestive of involuting corpus luteum rather than torsion, as was the patient’s quick resolution of abdominal pain.

describe a mass or cyst in 18 of 32 cases of ovarian torsion and Ashwal et al report that 41% of premenarchal torsion was
associated with a benign mass or cyst.*'? Due to hormonal influences, enlarged functional cysts cause torsion almost
exclusively in post-menarchal patients.

Ovarian neoplasm greater than five centimeters in diameter is associated with a two times increased likelihood of
ovarian torsion. However, the rates of malignancy are lower in those with mass and torsion.*®

Literature shows a high rate of follicle development in salvaged ovaries, with one series demonstrating preservation
of normal anatomy and folliculogenesis in all 42 torsed ovaries within 12 weeks of detorsion. In a second series, 74% of
pediatric patients had follicles visualized at a median of 18.7 weeks after detorsion, with an oophorectomy rate of
2%.'%% Cystectomy at the time of detorsion is not shown to have an effect on the post-operative sonographic
morphology of the affected ovary.>
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Torsion of an ovary with underlying mass has been shown to have a better prognosis than torsion of an otherwise
healthy ovary and postpubescent torsion is more likely than prepubescent torsion to be associated with an ovarian mass.’ !
Some suggest that diagnostic delay associated with prepubescent torsion, together with a less favorable prepubertal
hormonal profile may make prepubescent torsion more susceptible to ovarian atrophy.”' Pediatric patients are found to
have multiple twists in the adnexa in 43% of cases, indicating a high level of chronicity or recurrence of torsion. In that
study, 22.7% of patients were found to have between 24 hours and four weeks of abdominal pain, and 44% had multiple
discrete episodes of pain.**

Asynchronous bilateral torsion is a rare entity in children, having been reported only 30 times in the literature.>?
History of prior torsion is a risk factor for subsequent ipsilateral or contralateral torsion, and some authors suggest that
oophoropexy should be considered in all cases of pediatric torsion.> The overall rate of recurrent torsion is 0.2% with no
difference seen between ovarian preservation surgery and oophorectomy.>* The strongest indication for oophoropexy is
a normal ovary on intraoperative inspection, as this suggests a long infundibulopelvic or tubo-ovarian ligament and
significantly increased risk of recurrence.”’

While some studies have shown a difference in management between pediatric surgery and between
gynecology, 7>
oophorectomy, and intra-operative time whether managed by pediatric surgery or by gynecology.>®

a recent study suggests that there may not be a difference in the rates of oophoropexy, cystectomy,

Conclusion

Pediatric ovarian torsion is a surgical emergency that can occur at any age, and diagnostic delay can threaten viability of
the ovary and fertility. Ovarian torsion may present with non-severe abdominal pain or with pain that is intermittent or
subacute and therefore the physician must have a high index of suspicion for this diagnosis. POCUS is an invaluable tool
that can assist the physician to assess the risk for adnexal torsion. Definitive diagnosis may be based on sonographic
findings or may require advanced imaging. In contrast with adult-onset torsion, the incidence of ovarian malignancy
causing torsion is exceedingly low and therefore surgical treatment aims for ovarian preservation in the majority of
cases.

Abbreviations

CT, computed tomography; MRI, magnetic resonance imaging; POCUS, point of care ultrasound; PED, pediatric
emergency department; VAS, visual analog scale; CRP, C-reactive protein; ACEP, American College of Emergency
Physicians; ED, emergency department; LOS, length of stay.
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