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Introduction: Ovarian torsion during pregnancy is a rare condition that requires prompt diagnosis and repositioning to preserve
ovarian function.

Case Report: A 32-year-old woman underwent a successful pregnancy after FET, but was hospitalized for observation because of
a threatened abortion. During the 8th week of pregnancy, a transvaginal ultrasound examination was performed due to sudden lower
abdominal pain, which displayed an 8.3x5.2cm right ovary and a 4.3x3.6 ¢cm enhanced echogenic mass over the right ovary with
striated structures. Consequently, a preliminary diagnosis of ovarian torsion was made, and urgent laparoscopic exploration was
conducted. Intraoperatively, the right fallopian tube and right ovary were rotated counterclockwise by 720 degrees. After rotate and
reposition the right ovary and fallopian tube, a 3 cm diameter cyst was punctured. After 1 hour of observation, a 2x1x1cm segment of
ovarian tissue was excised. Pregnancy was maintained with aggressive postoperative luteal support and anti-infective treatment.
Conclusion: The use of clomiphene citrate during endometrium preparation for frozen-thawed embryo transfer cycles may elevate the
risk of ovarian torsion. Laparoscopic ovarian repositioning after ovarian torsion in pregnant women, even those with threatened
abortion, is safe when combined with postoperative anti-infective treatment and intensive luteal support.
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Introduction
As is well documented, ovarian torsion is one of the most prevalent gynecologic emergencies among women of
childbearing age.' It is caused by complete or partial rotation of the adnexal structures, leading to ischemic changes in
the ovary. Its incidence in the general population typically ranges from 0.01% to 0.05%.> However, its incidence during
pregnancy is uncertain, estimated to be between 0.2% and 3%.> Risk factors for ovarian torsion include ovarian masses,
pregnancy, ovarian hyperstimulation syndrome (OHSS), polycystic ovarian syndrome, and multiple pregnancies.*
Considering the increased risk of ovarian torsion in the presence of large ovarian cysts, in vitro fertilization (IVF) and
pregnancy puts adnexal torsion at increased risk. A retrospective cohort study showed that GnRH agonist trigger in
combination with frozen-thawed embryo transfer (FET) significantly reduced the incidence of ovarian torsion and
OHSS.°

In cases of suspected ovarian torsion, emergency laparoscopic surgery with ovarian repositioning or ovarian fixation
and, if necessary, adnexectomy is reasonable.” Unlike in non-pregnancy, guidelines for the management of ovarian
torsion during pregnancy are scarce.® Acute ovarian torsion with arterial obstruction, if left untreated, may result in

ischemic necrosis of the ovary,'” thereby impacting ovarian function. During early pregnancy, ovarian secretion of
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estrogen and progesterone is essential for the maintenance of pregnancy. This article presents the case of a patient
hospitalized for threatened abortion after FET who developed ovarian torsion at 8§ weeks of gestation and underwent
laparoscopic exploratory surgery.

Case Description

This study was conducted in compliance with the Declaration of Helsinki and in the Department of Reproduction and
Genetics of the Affiliated Hospital of Shandong University of Traditional Chinese Medicine, which was approved by the
Medical Ethics Committee within the healthcare organization (no. 2024—05-003). The written consent was taken from the
patient for this presentation. And the public disclosure of the case has been approved by the Affiliated Hospital of
Shandong University of Traditional Chinese Medicine.

A 32-year-old woman with no previous history of pregnancy underwent laparoscopic aspiration of a right ovarian cyst
in June 2020 at our fertility center, during which electrocautery was performed for a pelvic endometriotic lesion.
Afterward, she underwent controlled ovarian hyperstimulation with a luteal phase gonadotropin-releasing hormone
agonist (GnRH-A) protocol at our fertility center in September 2021. A total of 76 oocytes were retrieved, IVF was
performed, and 8 embryos were obtained, all of which were frozen due to the occurrence of OHSS. Subsequently, she
underwent endothelial preparation through an artificial cycle (oral estrogen and progesterone) in November 2021,
followed by the transfer of two day-3 embryos, which did not result in pregnancy.

On February 16, 2023, she attended the center on the fourth day of her menstrual period for her second FET. This
cycle involved an ovulation induction regimen for endometrium preparation with oral clomiphene citrate
(MEDOCHEMIE LTD, Cyprus) 50mg/d for 5 days. On menstrual day 15, examination revealed a large follicle
measuring 19 mm and another measuring 17.5 mm on her right ovary, with the remaining follicles not exceeding
10 mm. The endometrium layer was 12.2 mm thick, the serum estradiol level was 977.2 pg/mL, and the luteinizing
hormone was 11.32 TU/L. She was subcutaneously administered 0.1 mg triptorelin acetate injection (Ferring GmbH,
Germany) to promote follicle maturation and ovulation. Then, she was initiated on intramuscular injections of proges-
terone (XIANJU PHARMA, China) 20 mg/d starting one day after ovulation, as well as oral dydrogesterone tablets
(AbbottBiologicalsB.V., The Netherlands) 20 mg/d on the day after ovulation. On March 6, she underwent FET of
two day-3 embryos and continued to receive progesterone injection 20 mg/d intramuscularly and oral dextroprogesterone
tablets 20 mg/d. Fourteen days later, her serum B-human Chorionic Gonadotropin (B-hCG) level was 725 IU/L. As of
March 28 (22 days after FET), the patient experienced a small amount of vaginal bleeding due to exertion without
abdominal pain. On April 3 (28 days after FET), an transvaginal ultrasound examination displayed a live fetus in the
uterine cavity (consistent with 6w2d), a 1.37x0.28cm liquid-dark area outside the gestational sac, and 4.31x4.66cm
liquid-dark and 2.04x1.98cm liquid-dark area in the right ovary. On April 6 (31 days after FET), the patient experienced
increased vaginal bleeding and was admitted to our fertility center for treatment of threatened abortion. During
hospitalization, the patient was advised to take bed rest as much as possible, and was given low-flow oxygen, vitamin
B6, 5% glucose injection, and compounded vitamin fluids for nutritional supplementation. Progesterone injection and
oral dextroprogesterone tablets were also administered for progesterone supplementation.

On April 16 (42 days after FET), the patient experienced sudden-onset severe pain in the right lower abdomen,
accompanied by nausea and vomiting after a morning bath, as well as vaginal bleeding. An ultrasound examination
(Figure 1) displayed a live fetus in the uterine cavity, a 1.66x0.67cm liquid-dark area outside the gestational sac, an
8.3x5.2cm right ovary, and 4.0%3.3cm liquid-dark and 2.0%1.8cm liquid-dark areas in the right ovary. While no blood
flow signals were detected in the ovary, a few punctate blood flow signals were detectable in the periorbital cortex.
Moreover, a 4.3x3.6 cm enhanced echogenic mass was identified above the right ovary with unclear borders and striated
structures, which were not clearly demarcated from the right ovary. Consequently, a preliminary diagnosis of ovarian
torsion was made, while the possibility of ovarian cyst rupture was not excluded. Thus, urgent laparoscopic exploration
was conducted.

Laparoscopic examination revealed an enlarged uterus, consistent with a 2-month pregnancy with regular morphol-
ogy. The left fallopian tube and ovary were normal in morphology and positioned on the left anterior side of the uterus. In
contrast, the right fallopian tube and right ovary were rotated counterclockwise by 720 degrees and positioned on the
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Figure | The ultrasound examination displayed suspicious ovarian torsion:(A) a live fetus in the uterine cavity; (B) an 8.3x5.2cm right ovary, and 4.0%3.3cm liquid-dark and
2.0%1.8cm liquid-dark areas in the right ovary; (C) a 4.3%3.6 cm enhanced echogenic mass above the right ovary with unclear borders and striated structures; (D) a few
punctate blood flow signals could be detected in the peripheral cortex of the right ovary.

anterior side of the uterus (Figure 2A and B). The right ovary was enlarged, measured 8x5%4 cm, and had a purplish-blue
color. Likewise, the peripheral vessels of the right fallopian tube were purplish-blue. The right ovary and fallopian tube
were rotated and repositioned. After 15 minutes of observation, the right ovary became partially red, revealing a 3 cm
diameter cyst. In order to reduce the risk of torsional recurrence and concomitantly relieve pain, pale yellow clear fluid
was drained through the punctured cyst, and hemostasis was achieved via electrocoagulation. After a 30-minute
monitoring period, approximately half of the right ovarian tissue regained its normal color. After 1 hour of observation,
significant purplish-blue necrotic-like tissue was observed under the surface of the right ovary. Next, a wedge incision
was performed on the right ovary, and a 2x1x1cm segment of ovarian tissue was excised (Figure 2C). Old blood clots
were removed, fresh blood was drained from the trauma site, and absorbable sutures were used to control bleeding.
Finally, the pelvis was thoroughly irrigated with saline, and no active bleeding or oozing of blood was detected. Despite
the color of the right fallopian tube and peripheral blood vessels being normal, the color of the right ovary was
marginally darker (Figure 2D). Finally, the incision was closed, concluding the operation. Afterward, the patient was
transferred back to the ward for bed rest. Rehydration and infection preventive measures were implemented, along with
progesterone injections and oral dextroprogesterone tablets, to support luteal function.

A follow-up ultrasound examination on the first postoperative day displayed a live fetus detected in the uterine cavity.
The right ovary measured 5.1%3.4 ¢cm, and there was abundant blood flow signal in the ovary (Figure 3). The patient was
hospitalized for observation until 12 weeks of pregnancy, and was discharged after ultrasonography showed that the
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Figure 2 Diagnosis and treatment of ovarian torsion by laparoscopic surgery: (A and B) The right fallopian tube and right ovary were rotated counterclockwise by 720
degrees and positioned on the anterior side of the uterus. The right ovary was enlarged, measured 8x5x4 c¢m, and had a purplish-blue color. (C) A wedge incision was
performed on the right ovary, and a 2x1x|cm segment of ovarian tissue was excised. (D) At the end of the procedure, the right fallopian tube and peripheral vasculature
were normal in color, and the right ovary was marginally darker.
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Figure 3 The ultrasound examination | day after laparoscopic surgery: (A) a live fetus in the uterine cavity; (B) the right ovary measured 5.1%3.4 cm with abundant internal
blood flow signal.

thickness of the fetal nuchal translucency was 0.12 cm and the size of the ovary was normal. Afterwards, the patient

underwent regular check ups in our hospital’s obstetrics department for 20 weeks and everything was fine.

Discussion
Ovarian torsion is highly likely to compromise the blood supply to the ovaries and occurs as an adverse event during
pregnancy. The occurrence of ovarian torsion during pregnancy is uncommon. Our case is the first report of ovarian
torsion in a patient with threatened abortion during a successful FET pregnancy after IVF.

Ovarian torsion generally manifests as a sudden onset of lower abdominal pain, tender mass in the adnexal region,
and signs of peritoneal irritation, accompanied by nausea and vomiting, low-grade fever, and leukocytosis. Accurate
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diagnosis of ovarian torsion during pregnancy is often challenging, as its symptoms and signs often lack specificity.
Almost all patients are admitted to the emergency department due to acute or subacute lower abdominal pain.'" Ovarian
torsion may be misdiagnosed as a disease causing lower abdominal pain due to general surgical reasons (such as
appendicitis, renal colic, intestinal obstruction, intestinal perforation, peritonitis), gynecological diseases (such as
hemorrhagic ovarian cysts, ovarian cyst rupture, leiomyoma torsion or degeneration), and obstetric diseases (ectopic
pregnancy, placental rupture, or uterine rupture).'? Of note, abnormality detected via color Doppler ultrasonography has
a positive predictive value of up to 90% for the diagnosis of ovarian torsion.'*> When color Doppler ultrasonography
shows ovarian masses, reduced blood flow signals, and vortex like pedicle, high vigilance is required for ovarian
torsion.'* Shur‘s team believe that magnetic resonance imaging (MRI) can be used for preliminary assessment of acute
abdominal pain during pregnancy to clarify the diagnosis when appendicitis cannot be ruled out and no mass is detected
by ultrasound."® In addition, ovarian torsion is often accompanied by tubal torsion, and isolated tubal torsion is even
rarer. However, acute isolated tubular torsion during pregnancy has also been reported before.'®!” The appearance of
acute isolated tubular torsion is similar to ovarian torsion, but color Doppler ultrasonography often shows normal ovarian
and pelvic masses.'” In summary, color Doppler ultrasonography examination is an essential method for emergency
department evaluation of acute abdominal pain during pregnancy, which helps distinguish ovarian torsion from other
diseases.

Although the probability of ovarian torsion during pregnancy is extremely low, there has been an increase in reports
in recent years. The use of exogenous gonadotropins to promote ovulation in IVF-embryo transfer (ET) allows for the
retrieval of multiple oocytes. However, it is worthwhile emphasizing that hCG-mediated ovarian hypersensitivity and
enlargement increase the risk of OHSS and adnexal torsion.'® Meyer‘s team reported 140 patients with ovarian torsion
over a period of 9 years at a medical center, of whom 76 (54.3%) received assisted reproductive technology treatment.'’
Wang‘s team reported 82 cases of ovarian torsion during pregnancy in a medical center over a 10-year period, with 11
cases occurring after IVF-ET.” In 2021, Yuet al‘s team reported a case of pregnancy complicated with adnexal torsion
after IVF and conducted a systematic literature review.”’ After reviewing 38 case reports, Yu‘s team suggested that
detorsion and preservation of ovarian function are the main treatment methods.’

FET cycles thaw and transfer one or more embryos (frozen in the previous treatment cycle) to the uterus. Freezing
embryos after IVF allows for natural recovery of enlarged ovaries, and selective FET is a strategic choice. As a result of
previous retrospective cohort studies, the probability of ovarian torsion occurring during FET cycles is very low,® and
there are currently few clinical reports. Recently, Sibai‘s team reported a case of transient ovarian torsion in a 7-week
pregnant patient after FET. The patient received 5 mg of aromatase inhibitor (Femara) for endometrium preparation. The
patient presented with pain in the right lower back and ultrasound examination showed temporary or incomplete ovarian
torsion. After conservative treatment, the patient had a good prognosis.® Our case is similar to the one reported by Sibai‘s
team, both using ovulation inducing drugs for endometrium preparation. Ovulation inducing drugs can promote follicle
development while increasing estrogen levels, causing functional endometrium to grow in response to the increase in
estrogen levels. After ovulation, progesterone completes the preparation of the endometrium after sufficient estrogen
priming.?! The previous system review indicated that letrazole or clomiphene citrate may improve clinical pregnancy rate
(CPR) in FET cycles, but no adverse reactions related to attachment torsion were reported.”” In 2012, Shiau‘s team
reported a case of unilateral adnexal torsion caused by OHSS after induction of ovulation with clomiphene.* There are
also two reports of women receiving clomiphene citrate experiencing massive ovarian edema, one of which occurred at
13 weeks of pregnancy.*** Currently, only we and Sibai‘s team have reported a possible association between letrazole or
clomiphene citrate and ovarian torsion in FET cycles, but it is unclear whether letrazole or clomiphene citrate poses a risk
of ovarian torsion. This may be ascribed to ovarian enlargement and luteinizing cysts caused by letrazole or clomiphene
citrate ovulation, formation of corpus luteum, and endogenous hCG secretion, which promotes ovarian enlargement over
a longer period of time, thereby increasing the risk of ovarian torsion. Gynecologists must be aware of the risks
associated with using clomiphene citrate to treat infertility. Although ovarian torsion during FET cycles is extremely
rare, patients should be informed of this potential risk.

In this case, the patient exhibited typical signs, and laparoscopic exploration was immediately performed owing to its
high safety profile and minimal adverse fetal consequences.”®*” However, it is worth noting that non-obstetric procedures
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performed during pregnancy have been reported to increase the risk of early miscarriage or intrauterine growth
retardation.”® The current consensus on ovarian torsion is that early salvage of ovarian tissue is effective. Earlier studies
have reported that about 73% of torsioned ovaries have a likelihood of recovery and preservation of function.”’ Even if
the torn appears blue-black color intraoperatively, normal follicular development is detected on ultrasound in 90% of
cases after restoration surgery, with blood flow signals and ovarian acoustic images being restored to normal within 6
weeks.*® Although our patient manifested symptoms of threatened abortion and considering the detrimental effects of
ovarian tissue damage induced by ovarian torsion, laparoscopic ovarian torsion restoration was urgently performed to
rescue the ovary. Previously, ovarian restoration was hypothesized to increase the risk of thrombus dislodgement, and
therefore, adnexectomy remains the preferred choice. However, a study comparing over 1,000 cases of ovarian torsion
restoration versus resection documented that the incidence of postoperative pulmonary embolism was merely 0.2% and
was comparable between the restoration and resection groups.’' Consequently, the color of the ovary and the surrounding
blood vessels was closely monitored after ovarian restoration. Interestingly, a large amount of purple-blue tissue was
observed under the surface of the right ovary at 1 hour postoperatively. Finally, part of the purple-blue tissue was
resected. In IVF-ET patients with a strong desire for fertility and in those who are diagnosed early and highly suspected
of having an ovarian torsion, early laparoscopic exploration and restoration are pivotal for the preservation of ovarian
function and the continuation of the pregnancy.

In addition, a paracentesis of the ovarian cyst was performed during the procedure. Common complications of
ovarian cysts in pregnancy include cyst torsion, rupture, infection, malignancy, and cyst impaction.>®> The need for
treatment of ovarian cysts is generally determined based on clinical symptoms, as well as cyst type and size.**-**
Asymptomatic simple cysts measuring less than 5 cm in diameter are likely to resolve spontaneously. On the other
hand, surgical excision may be considered for persistent masses larger than 5 cm or those with malignant potential.*®
Thus, the clinician must carefully consider and make a deliberate decision when to proceed with surgical intervention.
Early intervention may increase the risk of miscarriage and loss of luteal function, while late intervention increases the
risk of complications.*® Notably, an earlier study reported that for functional ovarian cysts in pregnancy, cyst aspiration
and drainage during laparoscopic adnexal torsion reversal reduced the risk of recurrent torsion compared to reversal
alone.>” Herein, after laparoscopic rotational repositioning of the right ovary and right fallopian tube, a 3 cm diameter
cyst was identified on the right ovary. We immediately performed paracentesis and routinely administered preoperative
and postoperative medications to inhibit contractions and prevent infection in order to minimize the risk of mis-
carriage. Our patient’s pregnancy was successfully maintained following surgery, luteal support, and anti-infective
treatment.

This report has certain limitations. Due to the low incidence, we only reported one case of ovarian torsion in a woman
with threatened miscarriage after FET surgery. Individual or few cases cannot fully represent their clinical characteristics
and outcomes, which affects the generalizability of the conclusions. In addition, the patients in this case were only
followed up to 20 weeks, and the lack of long-term follow-up data and offspring outcomes is another limitation.

Conclusion

Use of clomiphene citrate during endometrium preparation for frozen-thawed embryo transfer cycles may be a risk factor
for ovarian torsion during pregnancy. Although ovarian torsion after FET surgery is very rare, timely color Doppler
ultrasound examination can help differentiate and diagnose other diseases for lower abdominal pain during pregnancy.
Laparoscopic ovarian restoration after ovarian torsion in pregnant women with threatened abortion is safe with post-

operative anti-infective therapy and intensive luteal support.

Abbreviations
IVE, in vitro fertilization; ET, embryo transfer; GnRH-A, gonadotropin-releasing hormone agonist; FET, frozen-thawed
embryo transfer; OHSS, Ovarian Hyperstimulation Syndrome; hCG, human Chorionic Gonadotropin.
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