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Purpose: The aims of this studywere to identify ultrasound-based predictors of ovarian torsion in girls without an
adnexal mass and establish a set of normal values for ovarian volume ratio (OVR).
Methods: A retrospective reviewwas performed of all premenarchal patients ≥3 years of agewith a normal pelvic
ultrasound between January 2016 and January 2019. A comparison group of premenarchal girls presenting be-
tween 2011 and 2019 with torsion in the absence of an adnexal mass was utilized.
Results: Five-hundred and four premenarchal girls underwent pelvic ultrasound evaluation with a normal exam-
ination. The mean OVR was 1.6 ± 0.7 (range 1.0–6.5). OVR did not vary with age (r = −0.06) as compared to
ovarian width which increased steadily with age (r = 0.53, p < 0.001). OVR was increased in girls with torsion
(7.6 vs 1.4, p < 0.0001), and by receiver operating characteristic (ROC) analysis a cutoff value of >2.5 demon-
strated the best diagnostic accuracy of any predictive variable (sensitivity 100%, specificity 94%, AUC 0.991,

p < 0.001).
Conclusions: OVR is an excellent predictor of ovarian torsion in premenarchal girls without an adnexal mass. Un-
like ovarian width, OVR does not increase with age, and a cutoff OVR > 2.5 demonstrates high sensitivity and
specificity for identifying ovarian torsion in this population.
Type of study: Study of diagnostic test.
Level of evidence: Level III.

Published by Elsevier Inc.
Ovarian torsion is a surgical emergency responsible for 4% of all girls
presenting to the emergency department with abdominal pain [1].
Prompt operative management is critical to restore ovarian perfusion
and minimize necrosis; however, establishing a diagnosis can be chal-
lenging. This is particularly true in premenarchal girls, as a subset of
these patients with torsion presents without an associated adnexal
mass [2]. This group of patients is at increased risk for a delay in diagno-
sis and ovarian necrosis as early sonographic signs of torsion can be sug-
gestive (i.e. presence of an adnexal mass) but definitive signs such as
absence of Doppler flow often present late [3]. Thus, a more reliable
predictor of ovarian torsion in girls without an adnexal mass could
allow for earlier diagnosis and treatment. The purpose of this study
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was to examine ovarian asymmetry, and specifically ovarian volume
ratio (OVR) as a potential sonographic predictor of ovarian torsion in
premenarchal patients presenting in the absence of an adnexal mass.
1. Methods

A single-center retrospective review was conducted of all
premenarchal patients 3 to 14 years of age without ovarian torsion
and with a normal pelvic ultrasound performed between January 2016
and January 2019. All ultrasound examinations were obtained
transabdominally and performed by a certified diagnostic medical so-
nographer at an American College of Radiology accredited facility. Ovar-
ianwidthwas classified as the size of the ovary in the largest dimension,
and ovarian volumewas calculated using the formula for a prolate ellip-
soid (V= length × width × height × π/6) [4]. The ovarian volume ratio
was calculated by dividing the volume of the larger ovary by that of the
contralateral ovary. A comparison group was utilized and was com-
prised of premenarchal girls presenting between 2011 and 2019 with
surgically confirmed ovarian torsion in the absence of an associated ad-
nexal mass.
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Table 1
Demographic Characteristics

Torsion
(n=15)

Controls
(n=504)

p-value

Age (y), mean (range) 9.0 (3-13) 9.2 (3-12) 0.78
Weight (kg), mean (SD)⁎ 37.1 (13.5) 38.5 (15.1) 0.72
Indication for ultrasound, n (%)

0.44
Abdominal pain 15 (100) 427 (85)

Rule out anatomic abnormality 0 (0) 66 (13)
Vaginal discharge 0 (0) 9 (2)

Other 0 (0) 2 (<1)

⁎ Calculated among 498 (96%) patients with a recorded weight

Table 2
Descriptive statistical data for OVR by age.

Age (y) Mean Median Range St Dev 95% CI

3–4 (n = 22) 1.94 1.65 1.00–5.12 1.23 1.40–2.50
5–6 (n = 59) 1.54 1.33 1.00–3.50 0.58 1.39–1.69
7–8 (n = 80) 1.56 1.43 1.00–4.20 0.53 1.44–1.67
9–10 (n = 169) 1.53 1.36 1.00–5.33 0.62 1.44–1.63
11–12 (n = 174) 1.54 1.33 1.00–6.50 0.69 1.44–1.64

Fig. 1. Scatter plots of ovarian wi
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Table 3
Predictors of ovarian torsion.

Sensitivity Specificity

Ovarian volume ratio (>2.5) 100 94
Ovarian width (>3.7 cm) 93 94
Abnormal Doppler flow 64 100
Patient demographics and clinical datawere analyzed using Student's t-,
Mann–Whitney U, and chi-square tests where appropriate. Receiver op-
erating characteristic (ROC) curve analysis was used to select cutoff
values for continuous variables based upon optimal sensitivity and spec-
ificity. Statistical analysis was performed using IBM SPSS Statistics 25
andMedCalc v18. Approval for this studywas obtained from the institu-
tional review board at our facility (#161993).

2. Results

A total of 4314 patients underwent a pelvic ultrasound during the
study period, of which 504 were found to be premenarchal without ad-
nexal pathology. The mean age of this cohort was 9.2 years, and the ma-
jority of patients were referred for pelvic ultrasound with a primary
indication of abdominal pain (85%, Table 1). Measurements of ovarian
width demonstrated a mean of 2.6 ± 0.7 cm, a median of 2.5 cm (IQR
2.0–3.1), and were slightly skewed to the right (Pearson's coefficient =
0.3). Furthermore, measurements of ovarian width increased with age
(r = 0.53, Figure 1). Measurements of OVR demonstrated a mean of
1.6 ± 0.7, a median of 1.4 (IQR 1.2–1.7), and were more substantially
skewed to the right (Pearson's coefficient = 3.1). These measurements
show that on average for the premenarchal girls in this cohort, one
ovary is approximately 50% larger than the other. In contrast to ovar-
ian width, measurements of OVR did not correlate with age (r =
−0.06). Additional OVR descriptive statistical data based on age
can be found in Table 2.

Fifteen premenarchal patients were identified with surgically con-
firmed ovarian torsion in the absence of an associated adnexal mass.
The mean age of this cohort was 9.0 years and there were no significant
differences in age, weight, or indications for ultrasound between pa-
tients with torsion and the control group. Patients with ovarian torsion
were found to have a higher median OVR than those in the control
group (7.6 vs. 1.4, p < 0.0001). Median ovarian width was also in-
creased among patients with torsion (5.3 cm vs. 2.5 cm, p < 0.001). In-
terestingly, despite undergoing a preoperative duplex study, five of the
dth and ovarian volume ratio versus age.
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fourteen patients with ovarian torsion (36%) presented with normal
Doppler flow.

The ovarian volume ratio, ovarian width, and Doppler flow were all
evaluated as potential predictive variables for ovarian torsion
(Table 3). ROC curve analysis revealed that the OVR demonstrated the
best diagnostic accuracy at a cutoff value of 2.5 with a sensitivity of
100% and specificity of 94% (AUC 0.991, p < 0.001, Figure 2). A cutoff
value of 3.7 cm for ovarian width demonstrated a sensitivity of 93%
and specificity of 94% (AUC 0.969, p < 0.001). Abnormal Doppler flow
was the least sensitive of these three diagnostic markers for ovarian tor-
sion (64%).

3. Discussion

Premenarchal femaleswith ovarian torsion often present without an
associated adnexalmass and are at increased risk for a delay in diagnosis
[3]. This retrospective review sought to evaluate sonographic predictors
of ovarian torsion in this unique population and establish normal values
for ovarian volume ratio as a marker of ovarian asymmetry. This study
demonstrates that the OVR remains constant with age and is a reliable
diagnostic marker for ovarian torsion in premenarchal females.

Pelvic ultrasound is the imagingmodality of choice in the evaluation
of ovarian torsion [5]. Presence of an adnexal mass is typically the pri-
mary risk factor for ovarian torsion, and is seen in up to 80% of reported
cases [6–8]. These hormone-mediated masses are more common in
postmenarchal females and thus ovarian torsion is less often included
in the differential diagnosis of abdominal pain in the premenarchal pa-
tient [9,10]. Furthermore, lack of a mass on ultrasound often results in
a radiologic diagnosis of torsion hinging upon abnormal Doppler flow

Image of Fig. 1


Fig. 2.Receiver operating characteristic curves illustrating ovarian volume ratio (OVR) and
ovarian width as predictive of ovarian torsion.
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to the affected ovary. Previous studies have suggested that Doppler flow
cannot be used exclusively for the diagnosis of ovarian torsion as dimin-
ished or absent Doppler flow is reported in less than two-thirds of
surgically-proven cases [6,11]. This finding was reproduced in our co-
hort asmore than one-third of premenarchal girls without an associated
mass presented with torsion in the setting of normal Doppler flow. Be-
cause abnormalities in Doppler flow are not always seen in this popula-
tion with torsion, other more consistent ultrasound findings would aid
in establishing a prompt diagnosis.

Ovarian asymmetry has previously been reported as the most com-
mon finding among children with ovarian torsion [6]. Servaes et al.
reviewed the ultrasounds of all pediatric patients presenting to their in-
stitutionwith ovarian torsion over an 11-year period, and found that an
OVR >20 was likely associated with an adnexal mass. Our study further
demonstrates the diagnostic value of ovarian asymmetry, as an OVR
>2.5 can be applied to premenarchal patients without a mass to assess
their risk of ovarian torsion. The OVR offers an objectiveway inwhich to
measure asymmetry, and demonstrated a high sensitivity and specific-
ity for ovarian torsion in this premenarchal population. Ovarian asym-
metry in this clinical context could be because of a number of factors.
First, an enlarged ovary may be the initial cause for torsion. Similar to
the mechanism by which a distinct adnexal mass can be the nidus for
torsion, an enlarged ovary may allow for rotation along its axes of fixa-
tion. Second, impairment of venous outflow owing to torsionmay result
in vascular congestion and edema of the ovary.

Further, this study also demonstrates that OVR remains relatively con-
stantwith age. This consistencymakes OVR an appealing, objective radio-
logic measurement as it can be reliably applied to all premenarchal girls
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without an adnexal mass. By comparison, ovarian width increased with
age in this study. Size criteria of adnexal masses are often utilized in
postmenarchal patients to raise suspicion of ovarian torsion. For instance,
the risk of ovarian torsion in adolescents is higher in patientswith adnexal
masses greater than 5 cm [7,12]. However, for premenarchal girls of var-
ious ages, our data suggest an ovarian size cutoff may be difficult to apply
with clinical accuracy.

Limitations of this study include its retrospective design and sin-
gle center nature. Furthermore, ultrasound can be operator-
dependent and there is potential for variability among sonographers
in technique.

4. Conclusion

As ameasure of ovarian asymmetry, OVR remains constant with age,
thus making it a potentially more reliable marker for torsion than ovar-
ianwidth alone. AnOVR>2.5 is an excellent predictor of ovarian torsion
in premenarchal females without an adnexal mass. In this population,
an elevated OVRmay be helpful in establishing an early preoperative di-
agnosis of ovarian torsion. Prospective evaluation will help to confirm
the efficacy of this diagnostic tool and potentially expand its application.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jpedsurg.2020.09.031.
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