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Abstract
BACKGROUND
Intramural pregnancy is a rare type of ectopic pregnancy, which is diagnosed by transvaginal ultrasound and magnetic resonance imaging. Management strategies vary depending on the site of the pregnancy, the gestational age and the desire to maintain fertility. The incidence of intramural pregnancy in assisted reproductive technology is higher than that in natural pregnancy.

CASE SUMMARY
We present a case of intramural pregnancy after in vitro fertilization and elective single embryo transfer following salpingectomy. The patient was completely asymptomatic and her serum β-human chorionic gonadotropin level increased from 290 mIU/mL to 1759 mIU/mL. Three-dimensional transvaginal ultrasound indicated a heterogeneous echogenic mass arising from the uterine fundus which was surrounded by myometrium and a slender and extremely hypoechoic area stretching to the uterine cavity which was thought to be a fistulous tract. Therefore, we considered a diagnosis of intramural pregnancy and laparoscopic surgery was conducted at 7 wk gestation.

CONCLUSION
Early diagnosis and treatment of intramural pregnancy is significant for maintaining fertility.
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Core Tip: We present a case of intramural pregnancy after in vitro fertilization and elective single embryo transfer following bilateral salpingectomy. The patient was diagnosed with intramural pregnancy by transvaginal ultrasound and then underwent laparoscopic surgery at 7 wk’ gestation. The patient recovered well at discharge and her serum β-hCG levels were negative after 4 wk.

INTRODUCTION
Intramural pregnancy is a rare type of ectopic pregnancy, which is characterized by a gestational sac implanted within the myometrium and not connected to the uterine cavity[1]. Uterine rupture and massive bleeding are potential life-threatening complications of severe ectopic pregnancy. The risk factors for intramural pregnancy remain elusive, but may include uterine trauma, adenomyosis, inflammation of the uterine serosa and in vitro fertilization and embryo transfer (IVF-ET)[1-3]. Transvaginal ultrasound and magnetic resonance imaging (MRI) are useful for diagnosis in early pregnancy. There is no consensus regarding the treatment of intramural pregnancy, including expectant management, surgical evacuation, uterine artery embolization (UAE) and methotrexate administration[4-7]. The incidence of ectopic pregnancy in assisted reproductive technology (ART) is about 2-5 times higher than that in natural pregnancy[8]. Timely and accurate diagnosis and treatment of intramural pregnancy is crucial in ART especially in patients who wish to preserve their fertility. 
We report a case of intramural pregnancy following IVF and elective single ET, which was managed with laparoscopy.

CASE PRESENTATION
Chief complaints
A 31-year-old woman, gravidity three, parity zero, was admitted because of a suspected intramural pregnancy after IVF-ET.

History of present illness
The patient was completely asymptomatic. She had regular menstruation, a moderate amount of menstruation and no dysmenorrhea. Her last menstrual period was November 17, 2020. The endometrium was prepared using hormone replacement therapy following 1.875 mg of subcutaneous gonadotropin-releasing hormone agonist (Leuprorelin Acetate, Livzon Pharmaceuticals, China) on day 3 of the menstrual cycle. In addition, 90 mg of vaginal progesterone (Crinone, Merck Serono, United Kingdom) once a day and 10 mg of dydrogesterone three times daily were administered (P + 0). A frozen day 6 embryo which had undergone preimplantation genetic screening was transferred on the 7th day of progesterone exposure (P + 6) under sonographic guidance. 

History of past illness
She received laparoscopic salpingotomy in 2014 due to a right tubal pregnancy. She had suffered secondary infertility since December 2015 and her hysterosalpingography results showed an obstruction in the right fallopian tube and adhesion of the distal end of the left fallopian tube in June 2016. As spontaneous pregnancy did not subsequently occur, she was referred to the reproductive center of our hospital for IVF-ET in June 2018. The patient underwent laparoscopic bilateral salpingectomy for bilateral tubal pregnancy after two frozen day 3 embryos were transferred in December 2018. Of the other three frozen-thawed embryo transfer cycles, a total of 5 embryos were transferred, but pregnancy was not achieved. In addition, the patient had a history of hysteroscopy three times to remove endometrial polyps and separate uterine adhesions.

Personal and family history
Her personal history and family history were unremarkable.

Physical examination
The patient’s vital signs were normal. Physical examination revealed a 7-week sized uterus with no tenderness and no abnormalities in the uterine cervix and abdomen. There was no vaginal bleeding or fluid.

Laboratory examinations
At day 14 after ET, her serum β-human chorionic gonadotropin (β-hCG) level was 111.54 mIU/mL and then increased from 290 mIU/mL to 1759 mIU/mL. On day 32 after ET, her serum β-hCG level was 3819 mIU/mL.

Imaging examinations
A transvaginal ultrasound examination revealed a suspected intramural pregnancy. When admitted on day 33 after ET, three-dimensional transvaginal ultrasound indicated a heterogeneous echogenic area measuring 1.40 cm × 1.26 cm in size arising from the uterine fundus which had a 0.48 cm × 0.37 cm anechoic region inside and was surrounded by myometrium (Figure 1A). Color Doppler ultrasound showed abundant blood flow. This region seemed to have a slender and extremely hypoechoic area stretching to the uterine cavity (Figure 1B). In addition, a hypoechoic structure with an indistinct boundary measuring 2.74 cm × 1.61 cm in size was observed in the anterior myometrium near the uterine fundus, which was thought to be a uterine adenomyoma.

FINAL DIAGNOSIS
The final diagnosis in this case was intramural pregnancy after IVF-ET, and adenomyoma.

TREATMENT
Considering the suspected diagnosis of intramural pregnancy with a possible fistulous tract communicated with the uterine cavity and the patient’s desire to maintain fertility, the decision was made to perform laparoscopic exploration. Laparoscopic surgery was performed on day 34 after ET. Laparoscopy showed a bulging and unruptured mass measuring approximately 2 cm in the left side of the anterior uterus with a purplish-blue-colored surface (Figure 2A). The fallopian tubes were absent on both sides and the ovaries appeared normal. The intramural ectopic pregnancy was dissected from the uterus which had chorionic villous tissues bulging out (Figure 2B). The wound was sutured continuously and methotrexate [Pfizer (Perth) Pty Limited, United States] was injected into the myometrium around the wound to eliminate the activity of possible residual trophoblast cells. The tumor-like bulging mass measuring 2 cm in the posterior wall of the uterus was resected and lysis of pelvic adhesions was carried out (Figure 2C).

OUTCOME AND FOLLOW-UP
Histological examination confirmed the presence of trophoblast cells and chorionic villi in the uterine smooth muscle. Her serum β-hCG levels declined to 837.37 mIU/mL 2 days after surgery. The patient was well at discharge and her serum β-hCG levels were negative after 4 wk.

DISCUSSION
The incidence of ectopic pregnancy after ART is 1.6%-8.6% higher than that in natural pregnancy. The incidence of intramural pregnancy is less than 1% of all ectopic pregnancies[9,10]. Intramural pregnancy is a rare type of ectopic pregnancy and refers to a gestational sac completely surrounded by the myometrium which is not connected to the endometrial cavity and the fallopian tubes. To date, very few cases of intramural pregnancy after IVF-ET have been reported in the literature[11-13].
Intramural pregnancy may present with a wide variety of symptoms and the clinical course is determined by its exact location, extent of myometrial involvement and gestational age. The exact cause of intramural pregnancy is unknown, but several hypotheses have been suggested including uterine surgical procedures (such as cesarean section, myomectomy, hysteroscopy, uterine curettage and a history of uterine perforation)[9,14,15], inflammation of the uterine serosa, IVF-ET[11-13] and adenomyosis[1,3]. Color Doppler ultrasound may show a suspected fistulous tract connecting the intramural pregnancy foci to the uterine cavity. In our case, the patient had a history of hysteroscopy three times and the presence of an adenomyoma in the posterior wall of the uterus confirmed by surgery and histological examination, which may have contributed to the implantation in a focus of adenomyosis or uterine trauma. Hegazy et al[16] have reported that in the natural implantation, the trophoblast forms a cytotrophoblast shell to surround the gestational sac, preventing further invasion into myometrium. Intramural pregnancy is more likely to occur in frozen-thawed embryo transfer cycles, which may be related to the procedure of embryo thawing and the depth of embryo transfer. However, the ET process in this patient was recorded as uneventful each time. ET is routinely performed and monitored by transabdominal ultrasound in our center, and the tip of the ET tube is soft. Thus, the formation of a fistulous tract is unlikely to be related to ET in this case but cannot be excluded.
Intramural pregnancy is difficult to detect due to mild clinical symptoms and the anatomical location of the mass. In the past, intramural pregnancy was not diagnosed until uterine rupture. In recent years, the development of modern transvaginal ultrasound and MRI have been very helpful in visualization of the endometrial-myometrial junction and delineating the association between endometrial and uterine myometrium, which has led to a more accurate diagnosis of intramural pregnancy at an early stage. In a prospective study, Lyu et al[17] demonstrated that 85.5% of women with ectopic pregnancies following IVF-ET were identified by their first pre-surgical transvaginal sonography. It has been reported that MRI has a diagnostic accuracy of 96%[18]. However, the presence of uterine leiomyoma and adenomyosis may affect the diagnosis of intramural pregnancy, and it is difficult to distinguish an intramural pregnancy from gestational trophoblastic disease and interstitial pregnancy[1,19-21]. In our patient, her three-dimensional transvaginal ultrasound clearly showed that the mass in the myometrium had a dark area and was surrounded by abundant blood flow signals. In addition, a microscopic sinus tract connected the mass to the uterine cavity. We did not perform MRI to confirm the diagnosis as experienced ultrasound physicians are usually able to make a correct diagnosis using three-dimensional transvaginal ultrasound.
Although two women with intramural pregnancy gave birth to live newborn after 30 wk gestation[22,23], the management of patients with intramural pregnancy who wish to maintain pregnancy is extremely difficult and risky. Women who conceive by IVF-ET should be informed of the risk of intramural pregnancy, including uterine rupture, abnormal adherent placenta, hypovolemic shock and hysterectomy, which may have a negative impact on their future fertility. Treatment of intramural pregnancy should be individualized, and depends on its exact location, extent of myometrial involvement, the desire to maintain fertility and when it is diagnosed. It has been reported that uterine rupture and massive hemoperitoneum in intramural pregnancy often occur at 11-30 wk gestation, and hysterectomy is inevitable in most cases[24]. At present, treatment methods mainly include expectant management, surgical enucleation, topical or systemic administration of methotrexate and UAE. One patient with posterior wall intramural pregnancy who had mild symptoms and a β-hCG level of 9.5 mIU/mL opted for expectant management due to her requirement for future fertility[4]. Methotrexate can be administered topically or systemically with or without intracardiac potassium chloride, which can be used alone for expectant treatment or in combination with minimally invasive surgery. Mylene et al[5] suggested that asymptomatic patients with serum β-hCG < 2000 mLU/mL, and a mass diameter < 3 cm should be treated with methotrexate. Wu et al[25] found that patients treated with UAE had a faster recovery of serum β-hCG level, compared to patients treated with methotrexate injection. UAE has the advantages of short operation time, less trauma and quick recovery, but has a high risk of bleeding[6]. Laparoscopic excision surgery has been widely used in the treatment of unruptured intramural pregnancy, but it should be determined whether the mass protrudes outside the uterine cavity. It was reported that a patient underwent hysteroscopic removal of an intramural pregnancy with a sinus tract diagnosed by ultrasound examination[26]. As in the case presented here, the increase in serum β-hCG level should be monitored frequently and this patient underwent an early transvaginal ultrasound examination which resulted in the diagnosis of ectopic pregnancy at 7 wk gestation. Although a fistulous tract communicating between the endometrial cavity and the mass was observed in our case, we carried out laparoscopic excision as soon as possible as the lesion was protruding from the surface of the uterus and the patient had a desire for future fertility.

CONCLUSION
We report a case of intramural pregnancy with a microscopic fistula after IVF-ET. Due to the higher incidence of ectopic pregnancy after IVF-ET, we suggest that physicians should be aware of the risk factors for intramural pregnancy and achieve an early diagnosis by closely monitoring serum β-hCG level, and performing transvaginal ultrasound and MRI. For patients with suspected fistulous tract formation in the myometrium diagnosed by three-dimensional ultrasound, more attention should be paid to the depth of the ET tube using transabdominal ultrasound during this process. Appropriate and early selection of treatment is vital to preserve future fertility.
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Figure Legends
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Figure 1 Transvaginal ultrasound image of intrauterine pregnancy at day 33 after embryo transfer. A: The transvaginal ultrasound showed a heterogeneous echogenic mass measuring 1.40 cm × 1.26 cm in size slightly arising from the left corner of the uterus, which had a 0.48 cm × 0.37 cm anechoic region inside (thin arrow). The endometrial–myometrial junction was displayed (coarse arrow); B: The transvaginal ultrasound showed a slender and extremely hypoechoic area stretching to the uterine cavity (coarse arrow) and the serosal surface of the heterogeneous echogenic mass was covered by feeble myometrial tissue (thin arrow).
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Figure 2 Findings of laparoscopy at day 34 after embryo transfer. A: Laparoscopic view showed that a bulging mass measuring approximate 2 cm was in the left horn of the uterus with a purplish-blue-colored surface (black arrow); B: The ectopic gestational sac was found in the uterine myometrium and removed (black arrow); C: Laparoscopic view showed that a tumor-like bulging mass measuring 2 cm in the posterior wall of the uterus was removed (black arrow). GS: Gestational sac.
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