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Ovarian torsion in children
Development of a predictive score
Philipp Bolli, MMeda, Sabine Schädelin, MScb, Stefan Holland-Cunz, MD, PhDa, Peter Zimmermann, MDa,c,∗

Abstract
The aim of this study was to identify clinical signs and symptoms of ovarian torsion (OT) in children and to develop a simple predictive
score.
A chart review of patients with acute adnexal pathologies treated at the University Children’s Hospital Basel, Switzerland, between

March 2006 and June 2015 was performed. Medical records were screened for demographic and clinical data. These included
clinical symptoms, laboratory studies, imaging, and type of treatment. The diagnosis OT was defined as intraoperative visualization of
the torsed ovary around its pedicle at least 360 degrees. Variables predictive for OT were identified and the following score for the
likelihood of having OT was developed: age (points=number of years) minus 3 points (if vomitus= “yes”) and plus 1 point (if “pain
duration >12 hours”).
A total of 80 patients with acute adnexal pathologies were identified. OT was recorded in 17 (21%) cases and ovarian cysts (OC)

only in 63 (79%) cases. Patients who presented with OT were significantly younger than patients with OC only (P= .001).
Correspondingly, 11 (65%) of the patients with OT had no menarche compared to 3 (5%) patients with OC only (P= .001). Vomiting
(P= .001), a shorter pain duration (P= .01), and an elevated C-reactive protein (CRP) (P= .01) were observed significantly more often
in patients with OT. The sensitivity of a positive OT score was 0.81 and increased to 1.00 if restricted to girls between 2 to 12 years of
age.
The presence of vomiting, short duration of abdominal pain, and elevated CRP level have a predictive value for the diagnosis of OT.

In these patients, an exploratory laparoscopy should be conducted without delay. The presented OT score appears to be a helpful
tool in diagnosing OT in children.

Abbreviations: AUC = area under curve, CRP = C-reactive protein, EKNZ = Ethikkommission Nordwest- und Zentralschweiz
(Swiss Ethics Committee), IQR = interquartile range, LASSO = Least absolute shrinkage and selection operator, OC = ovarian cyst,
OT = ovarian torsion, ROC = receiver operator characteristics.

Keywords: acute adnexal pathologies, children, ovarian torsion, predictive score
1. Introduction

The incidence of ovarian torsion (OT) among females between 1
and 20 years of age is estimated to be 4.9 of 100000.[1] OT
accounts for approximately 3% of all cases of children with acute
abdominal pain and requires immediate surgical intervention.[2]

Other common acute adnexal pathologies in the pediatric
population include simple ovarian cysts (OCs) with or without
rupture.[3,4] Owing to the nonspecific clinical presentation and
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poor specificity of radiologic tests, the diagnosis of OT in girls
remains challenging.[5–7] The aim of this study was to identify
clinical signs and symptoms predictive for OT in children and to
develop a simple predictive score.
2. Patients and methods

2.1. Study design

This study was approved by the Swiss Ethics Committee (EKNZ
2015–00202). Girls aged 2 to 18 years presenting with acute
adnexal pathologies to the Department of Pediatric Surgery of the
University Children’s Hospital Basel between January 2006 and
June 2015 were included. Patients younger than 1 year were
excluded because of the high prevalence of fetal OCs in this age
group.[8] Medical records were examined for demographic and
clinical data. These included nausea, vomiting, tachycardia
defined as the “attendant vegetative symptoms”, menarche, fever,
the quality, localization and duration of pain, C-reactive protein
(CRP) level, leucocyte count, radiologic imaging studies, initial
working diagnosis at presentation, type of treatment, and
postoperative diagnosis. Treatment included immediate surgical
intervention or in-house observation. A CRP level >5mg/L was
defined as elevated, a rectal temperature >38.5°C as fever, and a
leukocyte count ≥10(109/L) as leukocytosis.[9]

Normal values for heart rate were defined as previously
described.[10] Finally, the diagnosis OT was defined as intraop-
erative visualization of the torsion of the ovary around its pedicle
at least 360 degrees.
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Table 1

Patient characteristics and clinical data of girl with ovarian torsion
versus ovarian cyst only.

Variable OT (n=17) OC (n=63) P

Median age, y
∗

11.0 [10.0;14.0] 14.0[13.00;15.00] .001
Menarche, no (%) 11 (64.7) 3 (4.8) .001
CRP >5 mg/L, yes (%) 5 (29.4) 6 (9.6) .104
Leukocytosis, yes (%)[9] 8 (47.1) 22 (36.7) .495
Vomiting, yes (%) 12 (70.6) 11 (17.5) .001
Nausea, yes (%) 6 (37.5) 9 (14.8) .091
Tachycardia, yes (%)[10] 5 (29.4) 5 (7.9) .041
Fever, yes (%)[9] 1 (5.9) 2 (3.2) .488
Pain, yes (%) 17 (100) 63 (100) N/A
Affected side, right/left (%) 12 (70.6)/5 (29.4) 49 (77.8)/14 (22.2)
Pain location (%) .651
RLQ 12 (70.6) 48 (76.2)
LLQ 3 (17.6) 13 (20.6)
Umbilical 0 1 (1.6)
Diffuse 1 (5.9) 1 (1.6)
Pain duration (%), h .013
<6 11 (64.7) 13 (20.6)
6–12 0 2 (3.2)
12–18 0 0
18–24 0 7 (11.1)
>24 6 (35.3) 34 (55.0)

Rebound tenderness, yes (%) 12 (80) 32 (50.8) .466
Muscular guarding, yes (%) 5 (29.4) 18 (28.6) .946
Enlarged ovaries on ultrasound (%) 17 (100) 54 (85.7) .185
Treatment
Observation (%) N/A 19 (30.2)
Laparoscopy (%) 14 (82.4) 44 (69.8)
Detorsion 4 (29) N/A
Detorsion+cyst unroofing 5 (36) N/A
Detorsion+cystectomy 4 (29) N/A
Detorsion+salpingectomy 1 (7) N/A
Aspiration of cyst N/A 4 (9)
Cyst unroofing of cyst N/A 23 (52)
Cystectomy N/A 9 (20)
No specific treatment of cyst N/A 8 (18)

Laparotomy (%) 3 (17.6) 0
Detorsion+cyst unroofing 1 N/A
Oophorectomy

∗
2 0

CRP=C-reactive protein, IQR= interquartile range, LLQ= left lower quadrant, N/A=not applicable,
OC= ovarian cyst, OT= ovarian torsion, RLQ= right lower quadrant.
∗
Due to mature teratoma.
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2.2. Statistics

The association between OT versus OC only and any “attendant
vegetative symptom” (nausea, vomiting, tachycardia), CRP level,
and leukocyte count was analyzed in a logistic model. Categorical
data were compared using a x2 test. In variables with low cell
count (<5), a Fisher exact test was used. For continuous
variables, the mean and the standard deviation were compared
using a t-test. In variables with non-normal distribution, a
nonparametric Mann-Whitney U test was used. Statistical
analysis was performed with R Core Team (2016) (R: A
language and environment for statistical computing, version
3.3.2. R Foundation for Statistical Computing, Vienna, Austria).
A P value of .05 (P= .05) was considered significant. The
predictive OT score was based on a logistic regressionmodel with
final diagnosis as outcome and CRP level, age, nausea, vomitus,
tachycardia, fever, location of pain, duration of pain, muscular
guarding, tenderness on palpation, leukocytosis, and enlarged
ovaries as potential predictors. A LASSO (least absolute
shrinkage and selection operator) analysis was used to select
the variables which showed the best predictive power for OT. To
assess the regulation parameter (lambda), and thereby the
strength of the shrinkage and number of variables chosen for
the final model, 10-fold cross-validation was used. To this end,
the data were randomly split into 10 approximately equally sized
groups and the LASSO performed on 9 of the groups. The
remaining group, randomly chosen, served as a (internal)
validation set. The in-sample as well as the cross-validation
missclassification rate was estimated. Based on the cross-
validation missclassification rate, the lambda was chosen
restricting the number of variables used in the predictive model
to 3 variables to avoid overfitting. The predictive score was built
by simplifying the coefficients to integers. For the resulting score,
the receiver operator characteristics (ROC) curve was estimated
and the optimal cut-off was defined according to the Youden-
Index.

3. Results

Table 1 summarizes the demographic variables, the symptoms,
and treatment by final diagnosis of OT versus OC only. A total of
80 patients with acute adnexal pathologies were identified. OT
was registered in 17 (21%) cases and OC only in 63 (79%) cases.
The median age of the girls with OT (median age 11.0 years,
interquartile range [IQR] 10.0–14.0 years) was significantly less
compared to girls with OC only (median age 14.0 years, IQR
13.0–15.0 years) (P= .001). Correspondingly, 11 (65%) of the
patients with OT had no menarche compared to 3 (5%) of the
children with OC only (P= .001). Twelve of the girls (71%) with
OT presented with vomiting compared to 11 (18%) with OC
only (P= .001). Also, nausea (OT: 6 [38%] vs. OC only: 9 [15%];
P= .091) and tachycardia (OT: 5 [30%] vs. OC only: 5 [8%];
P= .041) were more frequent in patients with OT. Nineteen
children (24%) of our study population were subjected to
inpatient observation. Sixty-one patients (76%) underwent
immediate surgical intervention. During surgery, OT was
confirmed in 17 cases (28%) and OC only in 44 cases (70%).
Fourteen girls (82%) with OT were treated laparoscopically.
Four of these (29%) underwent simple laparoscopic detorsion, 5
(36%) had laparoscopic detorsion and unroofing of a cyst, 4
(29%) had laparoscopic detorsion and cystectomy, and in 1
patient (7%) a laparoscopic salpingectomy was carried out
because of necrosis of the ovary. In 3 patients (18%) with OT, an
ovarian teratoma was preoperatively suspected by ultrasound
2

and therefore primary laparotomy was done. Mature teratoma
was confirmed in 2 of these cases and oophorectomy was
performed. In the third patient, a simple OC with internal
hemorrhage was identified after detorsion of the ovary followed
by unroofing of the cyst. All 44 patients with OC only were
treated laparoscopically. Laparoscopic unroofing of a cyst was
performed in 23 patients (52%), 9 (20%) had laparoscopic
cystectomy, and in 4 cases (9%) a simple laparoscopic aspiration
of the cyst was done. Eight patients (18%) underwent diagnostic
laparoscopy only. Of the 19 (24%) patients who were subjected
to in-house observation, 9 patients (47%) were diagnosed by
ultrasound as having a simple OC, 7 patients (37%) a simple OC
with internal hemorrhage, and 3 girls (16%) as having a ruptured
simple OC.
The estimated odds ratios for OT versus OC only are displayed

in Table 2. OT was associated with the existence of at least
“attendant vegetative symptom” (nausea, vomiting, tachycardia)
(P= .02). The odds for OT increased 7.8-fold when patients had
at least one of these symptoms. Pain duration in patients with OT



Table 2

Estimated odds ratios for ovarian torsion versus ovarian cyst only.

OR‡ CI‡ P‡ ORx CIx Px

Leukocytosis
∗

0.6 (0.1; 2.7) .52 0.3 (0.0; 1.8) .22
Clinical symptoms

∗
7.8 (1.7; 57.3) .02 12.7 (2.2; 115.9) .01

Elevated CRP
∗

3.7 (0.6; 23.2) .15 12.3 (1.3; 174.) .04
Pain duration† � � � 0.1 (0.0; 0.5) .01

CI= confidence interval, OC= ovarian cyst, OR= odds ratios, OT= ovarian torsion.
∗
Yes vs. no.

†<2 vs. >24hours.
‡ Estimated odds ratios for OT vs. OC.
x Estimated odds ratios for OT vs. OC including pain duration <24 vs.>24h.
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was shorter than in patients with OC only (P= .01). Including the
variable “pain duration,” the odds for OT increased up to 12.7-
fold when at least “attendant vegetative symptom” was present.
Furthermore, the variable “elevated CRP” became significant
(P= .01). Of note, “enlarged ovaries” on abdominal ultrasound
and “leukocytosis” showed no association with OT.
The following OT score was developed: age (points=number

of years) minus 3 points (if vomitus=“yes”) and plus 1 point (if
“pain duration >12 hour”). The less points the more likely the
patient suffers OT. The optimal cut-off to classify patients to OT
or OC only was 11.5 points. Applied to the entire study
population, the area under the ROC curve (AUC) was 0.88 and
the sensitivity of a positive OT score was 0.81. Three patients
with OT were not identified. The unifying characteristic of these
patients was their age of 14 years. In a subgroup analysis of the
OT score in patients aged 2 to 12 years, the AUC was 0.94 and
the sensitivity of a positive OT increased to 1.00.
4. Discussion

In this study we set out to identify clinical signs and symptoms
predictive for OT in children and to develop a simple predictive
score. By combining the clinical presentation and the results of
the diagnostic tests of patients with OT and other adnexal
pathologies without OT (simple OC, simple OC with internal
hemorrhage, ruptured simple OC), we identified 4 variables,
which were associated with OT. In a secondary analysis, we
developed a simple predictive score for the diagnosis of OT in
children.
At the time of presentation, 65% of the girls with OT were

prior to menarche compared to only 6% in the group of patients
with OC only (P= .001). This explains the fact that patients with
OT were younger than patients with OC only. In a series of 49
girls with OTwithin a similar age group by Chang et al, only one-
third of the patients presented before menarche.[11,12] Variations
in age at menarche among different ethnic groups and
associations between early puberty and socioeconomic factors
like lower parental education and lower household income were
reported.[12–14] As the educational level and the household
income in Switzerland are high, this might be an influencing
factor for later occurrence of menarche in our study population.
In the study by Chang et al, the mean age was 12.5 years (range

8.8–16.2years) andServaes et al publisheda studyon74girlswith a
median age of 11 years (IQR 7.0–14.5 years).[6,11] In our study, the
median age was 11.0 years (IQR 10.0–14.0). Although this range is
quite narrow,we feel what our study is analyzing is a representative
cohort of adolescentswithinanagegroup,which corresponds to the
ones reported in the literature. Patient’ age is a very crucial factor. In
3

our study population, there were no younger girls suspicious for
acute adnexal pathologies. However, very young children also
represent a typical age group for adnexal pathology, which has 2
peaks, one in early infancy and the other around puberty. In our
study, patients younger than 1 year were excluded because of the
high prevalence of fetal OCs in this age group.[8]

In the present study, the variables“vomiting” and “pain
duration”were predictive for OT. Twelve of the 17 patients with
OT (71%) presented with vomiting, whichwas significantly more
frequent than in patients with OC only (P= .001). This finding is
well in line with data from other studies.[15–18] Nausea and
tachycardia also occurred less frequently in the OC only group
(Table 1). Vomiting is usually observed with the onset of
abdominal pain and may be triggered by the vagal reflex
secondary to pain.[16] Pain duration in girls with OT was
significantly shorter than in patients with OC only (P= .01),
which corresponds to a literature review by Huchon et al.[19]

Another observation of our study was a higher CRP level in
patients with OT compared to OC only (P= .01). CRP levels rise
in response to inflammation and tissue necrosis.[20] The higher
CRP concentration could be explained by the process of tissue
degeneration in OT compared to acute adnexal pathologies
without impaired blood flow to the ovary. Wander et al[21]

reported alternating CRP concentrations during the menstrual
cycle. However, these hormone-dependent CRP concentrations
always remain clearly <5mg/L.[21] In the present study, only a
CRP concentration of >5mg/L was considered elevated.
Therefore, the reported hormone-dependent alternations seem
to have minor influence on the observed elevated CRP
concentration in case of OT.
All patients of our study population were subjected to an

abdominal ultrasound examination by a pediatric radiologist. In
17 patients with OT (100%) and 54 patients with OC, only
(86%) the affected ovary appeared enlarged (Table 1). We did
not analyze specific sonographic characteristics like echotexture,
presence of peripheral cysts, and evidence of flow on Doppler
sonography. Servaes et al reported that the most common
sonographic finding of OT was an enlarged and heterogeneous
adnexal mass. In contrast, blood flow assessed by Doppler
sonography was normal in >60% of surgically proven children
with OT.[6] Therefore, we focused on the size of the ovary as the
diagnostic parameter for ultrasound. However, in this study,
“enlarged ovaries” on abdominal ultrasound showed no
association with OT and were not predictive for OT.
Two patients with OT (12%) had a mature teratoma and

oophorectomy was performed in both cases because of the
surgeon’s preference. In general, ovary-sparing surgery is
considered the first-line treatment.[22–25] Unfortunately, the
decision-making process against ovarian-sparing surgery was
not documented in the medical records.
There is an ongoing controversy about the ideal treatment of

cystic adnexal pathologies in children and adolescents. Mayer
et al[26] suggested unroofing of simple OCs and ovary-sparing
excision of complex OCs. According to Rousseau et al,[16] “simple
puncture or unroofing of the cysts should be avoided and
cystectomy should be done to avoid recurrence.” In the present
study, in case ofOT, unroofingof a cyst after detorsionof the ovary
was the preferred treatment in favor to maximize ovarian
preservation despite the risk of recurrence (Table 1). Regardless
of the surgical treatment strategy, awareness for possible
malignancy in adnexal pathologies must be of major importance
to every surgeon.[27,28] In case of cystic teratoma, there is a risk for
disseminationofmalignant cells byunroofingof a cyst.[29]A careful
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preoperative workup with radiologic imaging and laboratory tests
including tumor markers is strongly recommended.[30]

The sensitivity of our predictive OT score was 0.81 as 3
patients with OTwere not identified. Each of these 3 patients was
14 years of age. Based on the reduced value of our OT score in
adolescent girls, we analyzed the subgroup of patients aged 2 to
12 years. After this, the sensitivity increased to 1.00, indicating a
good performance of the OT score in this age group.
Nevertheless, our OT score should be applied with caution
and has to be evaluated in an independent cohort before
considering it a reliable diagnostic test.
We are aware of some limitations of the study including its

retrospective nature, the single center design, and the corre-
sponding small patient population. However, up to now there is
no prospective study on the predictive value of clinical,
laboratory, or imaging parameters regarding the likelihood of
OT. As stated by a recent review by Rey-Bellet Gasser et al[31] a
multicenter prospective study would be required considering the
low incidence of OT. Moreover, only surgically proven cases of
OTwere included. Therefore, we cannot exclude that there might
have been patients with spontaneous detorsion of the ovary in the
OC only group, who were not classified as OT.
5. Conclusion

The presence of vomiting, short duration of abdominal pain, and
elevated CRP level has a predictive value for the diagnosis of OT.
In these patients, an exploratory laparoscopy should be
conducted without delay. The presented OT score appears to
be a helpful tool in diagnosing OT in children aged 2 to 12 years.
Patients with acute adnexal pathologies other than OT may be
observed closely by repeated clinical examination and imaging
studies if needed.
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