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Vestibular schwannomas in pregnancy have rarely been reported, and there is a lack of in-depth discussion on the experience of management of massive acoustic neuromas in pregnancy. Herein, we present a pregnant woman with a giant vestibular schwannoma and obstructive hydrocephalus who presented at 30 weeks of gestation. She was initially misdiagnosed as having a pregnancy-related reaction of headache, dizziness, and vomiting that had occurred 2 months earlier. After observation at home, her symptoms progressed at 30 weeks of gestation, and imaging findings revealed a brain tumor in the CPA region with secondary cerebella tonsil herniation and obstructive hydrocephalus, and she was transferred to our center for treatment. Consequently, we relieved her hydrocephalus with a ventriculoperitoneal shunt (V-P shunt) and used corticosteroids to simulate fetal maturation. After 10 days, her mental condition deteriorated, and her right limb muscle strength gradually decreased until grade 0 (MMT Grading). Finally, under a joint consultation with the Department of Neurosurgery, Obstetrics, and Anesthesiology, she underwent a cesarean section under general anesthesia and first-stage tumor removal at 31 weeks of gestation. Upon discharge, the previously observed neurological deficits, which were reversible and had manifested during her gestational period, had been successfully resolved, and the fetus had been conserved. The neuroimaging confirmed the complete tumor removal, while the neuropathologic examination revealed a vestibular schwannoma. Therefore, we recommend early diagnosis and treatment for these patients, especially people with headaches, vomiting, and sudden hearing loss during pregnancy. Herein, we concluded that our cases provide a valuable experience in the latest acceptable time frame for the operation to prevent irreversible neurological impairment and premature delivery in late pregnancy.
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1 Background

Vestibular schwannoma (VS) is a common slow-growing benign lesion located in the cerebellopontine angle (CPA) region and originates from the Schwann cell. Pregnant women with VS are at a significantly increased risk of abortion and death compared to their non-pregnant counterparts (1). During pregnancy, the incidence of vestibular schwannomas is infrequent, with a global report of only 37 cases (Table 1). Although VS normally grows slowly, during pregnancy, due to increased estrogen levels and enhanced hemodynamics are thought to stimulate rapid tumor growth (≥4 mm/year) that results in rapidly progressive symptoms and even lead to acute obstructive hydrocephalus (2–6). Empirical evidence indicates that the mean size of vestibular schwannomas (VS) in pregnant individuals exceeds that of non-pregnant counterparts (5, 7). Additionally, in previous cases of pregnancy with VS, the tumor also tended to be large (>4 cm; Table 1). As a result of the “irrigation effect” of estrogen on VS during pregnancy, the tumor often progresses rapidly and is frequently diagnosed at a large size (3, 8, 9). Certain patients who are diagnosed with a vestibular schwannoma during the initial stages of pregnancy choose conservative observation. However, it has been observed that the neuroma may exhibit rapid growth during pregnancy, leading to the exacerbation of symptoms in the later stages of pregnancy (9, 10). Additionally, VS patients in late pregnancy are at great risk for the smooth administration of anesthesia, fetal protection, cesarean section, and tumor removal. This presents a serious challenge for the fields of neurosurgery, obstetrics, and anesthesiology.



TABLE 1 List of previous cases of pregnant women with vestibular schwannomas.
[image: Table1]

In this report, we presented a case of a woman in the late stage of pregnancy who also exhibited symptoms of VS. This case presented the largest VS identified in pregnant women until now. Moreover, it represents the only case in which the patient presented with obstructive hydrocephalus and progressive neurological deficits while successfully attempting to preserve fetal and all neurological functions. The objective of this study is to examine the optimal timing of surgical intervention for women diagnosed with vestibular schwannoma and obstructive hydrocephalus during late pregnancy. Additionally, this study aims to explore the potential benefits of a multidisciplinary approach to treatment and surgical intervention for vestibular schwannoma in pregnant women.



2 Presentation


2.1 Basic information of the pregnant

A 25-year-old woman at 30 weeks gestation was transferred to our center with paroxysmal headaches, dizziness, and vomiting that persisted for 2 months. Initially, she consulted the obstetrics department at a local hospital, where she was misdiagnosed as having a pregnancy reaction, and subsequently decided to monitor her condition from home. Two months later, she went to the neurosurgery department in a local hospital due to deteriorating symptoms, including recent blurred vision and limb weakness. Subsequently, a tumor in the cerebellopontine angle region was detected by cranial MRI (Figure 1).
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FIGURE 1
 (A,B) There is a large solid mass about 6*5 cm in size in the right CPA area with ventricular and brainstem compression; (C) After the V-P shunt, CT revealed significant relief of her hydrocephalus; (D) Postoperative magnetic resonance imaging shows complete removal of the tumor.




2.2 Physical examination of the nervous system

Upon admission, the patient underwent a neurological examination which revealed that she was conscious, with approximately grade 3 (MMT Grading) muscle strength in the right leg. Additionally, the patient presented with hearing loss on the right side. There were no other neurological signs, including diplopia, ataxia, or posterior cranial nerve disorders. Pure-tone audiometry showed a significant loss of sensorineural hearing on her right side. Moreover, the abdominal examination shows that the maternal uterus is of a size consistent with pregnancy, and no uterine contractions are palpable. The fetal presentation was cephalic, and the fetal heart rate was recorded at 128 bpm.



2.3 Imaging for brain

Magnetic resonance imaging (MRI) revealed a large solid tumor in the right CPA region with a size of 6*5 cm, which caused obstructive hydrocephalus and herniation of the cerebellar tonsils (Figures 1A,B).



2.4 Examination of the fetus

At 30 weeks gestation, the fetal ultrasound showed a pregnancy-sized fetus with a biparietal diameter of 7.8 cm and a femoral diameter of 5.4 cm. The fetal position was on the head position, and the fetal heart rate was 154 bpm. There was no umbilical cord around the neck of the fetus, and the placenta was mainly located in the anterior wall. The placenta function was grade 1 (Grannum grading), and the umbilical artery blood flow was normal.



2.5 Treatment strategy

The patient was transferred to our center for treatment, after obstetric consultation, a fetal ultrasound indicated that fetal growth was 1 week below gestational age. Consequently, corticosteroid treatment was administered to promote fetal lung maturation in anticipation of perioperative delivery.

She refused to undergo immediate surgery and instead preferred to postpone tumor excision until postpartum. Subsequently, we consulted anesthesiologists, obstetricians, and neonatologists about our treatment plan and proposed an extension of the gestational period to 34–36 weeks subject to favorable circumstances.

Following the placement of a ventriculoperitoneal shunt during the 30th week of gestation, she was subsequently transferred to the intensive care unit (ICU) for ongoing management. An immediate postoperative computed tomography scan (CT) revealed the presence of hydrocephalus, apparent ventricular dilatation, and brainstem compression. Moreover, she described significant decrease in her headache and blurred vision.

After 3 days, the state of consciousness turned to a state of drowsiness, and there was a progressive decline in the muscular strength of the right limb. Ten days later, her right limb strength was observed to have decreased to level 0. Furthermore, the follow-up CT scan showed a significant improvement in her hydrocephalus (Figure 1C). However, it was observed that the brainstem was severely compressed (Figure 2). After another comprehensive assessment by the aforementioned departments, she underwent urgent cesarean delivery at 31 weeks gestation while under general anesthesia. The neonate was born alive and received an Apgar score of 8. Subsequently, the neonate was transferred to the neonatal ICU for additional medical attention.
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FIGURE 2
 Pathophysiological changes in the body of a pregnant woman with an vestibular schwannoma. ① Increased intra-abdominal pressure raises intracranial pressure by causing flow of venous blood into the brain through intra-vertebral venous congestion. ② Increased intra-abdominal pressure and secondary increase in intrathoracic pressure, resulting in increased intracranial pressure due to obstruction of jugular venous blood backflow. ③ Tumor in the intracranial CPA region causing compression of the cerebrospinal fluid outflow tract, resulting in secondary hydrocephalus and subcerebellar tonsillar herniation. ④ Increased perfusion and sex hormones may be important factors in causing tumor oedema, intratumoural bleeding and accelerated tumor growth. ⑤ When ICP is elevated, the automatic adjustment of blood pressure further aggravates the gestational hypertension.


Following the cesarean section, the tumor was removed through a suboccipital retrosigmoid approach. The operation was successful as it showed a 6 cm diameter solid tumor with good blood supply, during which her facial nerve was well preserved.

Immunohistochemistry examination of the tumor showed a positive result for CD34, indicating an significant blood supply and diffuse positivity for S-100 and SOX10, thus confirming the diagnosis of vestibular schwannoma.



2.6 Postoperative

On the first day following the operation, the patient exhibited a muscle strength of grade 3 in the right limb and regained consciousness. By the fourth day, the patient’s muscle strength in the right limb had improved to grade 4. During the three-month follow-up post-discharge, we observed that the baby was in good condition, the patient had fully regained muscle strength in her right limb, and her facial nerve function was at level HB1, with the exception of experiencing difficulty in recovering hearing on the right side. Furthermore, MRI scan indicated the absence of hydrocephalus and cerebella tonsil herniation, and the tumor was completely removed (Figure 1D).




3 Discussion


3.1 Mechanistic and hormonal mechanisms for accelerated growth of vestibular schwannoma

Higher levels of hormones during pregnancy, especially in the late trimester, may be a factor in promoting tumor growth (11). However, the role of estrogen in VS has not been clearly identified (12–15). Due to the increased blood volume, increased jugular vein pressure and estrogen levels during pregnancy, the tumor is at a higher risk of exacerbation related to increased edema, peritumoral effusion, and the formation of intratumoural bleeding (11, 16). Previously, it has been observed that acoustic neuromas presenting during pregnancy tended to be larger, suggesting that the biology of the tumor may be altered during pregnancy, resulting in an increased risk of tumor progression. Therefore, further studies are needed to explain the mechanism of VS progression.



3.2 Due to its symptoms resembling pregnancy reactions, it is prone to misdiagnosis

Previously, half of the patients were already in late pregnancy at the time of presentation, and only 8% were found to have VS in early pregnancy (Figure 3). Therefore, the high rate of underdiagnosis of this disease deserves our attention. Nausea and vomiting are not specific to pregnancy, and new occurrences of nausea and vomiting in the middle and late stages of pregnancy should be carefully examined to exclude VS (17). Pregnant women can also experience sudden hearing loss during pregnancy. According to previous clinical presentations, it has been observed that over 80% of expectant individuals who experience sudden sensorineural hearing loss (SSNHL) typically manifest the syndrome during the mid or late stages of pregnancy. This occurrence may be attributed to an increase in sex steroid hormone levels, embolism of the labyrinthine artery due to maternal hypercoagulability, obstruction of the cochlear microcirculation, or autoimmune diseases (18, 19). SSNHL occurred during pregnancy and presented with moderate to severe sensorineural hearing loss. The clinical presentation of the condition is characterized by asymmetrical hearing loss, accompanied by occasional tinnitus and vertigo, which typically remit upon the end of gestation. Approximately 15% of SSNHL patients exhibit symptoms of vestibular schwannoma. Moreover, It has been observed that some obstetricians may neglect the occurrence of sudden hearing loss in pregnant patients with this condition (19). Consequently, a comprehensive history collection and thorough physical examination are imperative. In cases of sudden hearing loss, it is recommended to conduct neuroimaging of the brain and inner ear as a means of excluding VS (19, 20).
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FIGURE 3
 Statistical chart about the period when vestibular neuroma is detected in pregnant women.




3.3 The surgery time for VS with a pregnant

The co-occurrence of VS and pregnancy is an infrequent phenomenon, thus necessitating a careful assessment of the optimal timing for surgical intervention that considers the potential harm to both the mother and the developing fetus.



3.4 Vestibular schwannomas in the first trimester (1–12 weeks)

Non-obstetric surgery is not recommended in early pregnancy because anesthetic drugs and stress caused by surgery tend to affect the fetus. Patients at this stage are often asymptomatic or have mild symptoms that they themselves attribute to pregnancy. Consequently, reports are infrequent, with only about 8% of cases being identified as VS in early pregnancy (Figure 3). While considering treatment measures for VS in early pregnancy, the mother’s wishes should be given priority. It has been suggested that patients diagnosed with VS early in pregnancy should be conservatively observed, with V-P shunts or emergency surgery should only be considered in cases of hydrocephalus or more severe neurological deterioration (3), given their potential fetal implications. Therefore, it is crucial for the mother to be actively involved in the decision-making process, as she must face the potential reality of terminating the pregnancy.



3.5 Vestibular schwannomas in the second trimester (13–24 weeks)

The best time to remove the tumor before delivery is in the middle of pregnancy when the possibility of fetal malformation or miscarriage due to anesthetic drugs is minimal, and the hormonal levels and hemodynamics of the mother have not significantly changed (3, 9, 21, 22). It has been suggested that removal of the tumor in mid-pregnancy may be considered for patients presenting with obstructive hydrocephalus and progressive neurological deterioration (23). In contrast, observation and follow-up are recommended for patients with mild symptoms and small tumors (3, 23). Doyle operated on two VS patients (4.5 and 2.0 cm in diameter) in mid-pregnancy without hydrocephalus who had only varying degrees of hearing loss and whose neurological function was preserved after the operation and eventually delivered successfully (2). Overall, four previous VS women underwent surgery in mid-pregnancy, three of whom were neurologically stable and did not have hydrocephalus (2, 8, 23) (Table 1). According to reports with complete clinical records, some patients underwent successful conservative observation for stable symptoms (11, 20, 24). However, there was a deterioration of symptoms in 59.1% of patients in late pregnancy (Table 1). (Among the 22 patients who underwent surgery during late pregnancy or postpartum, 13 experienced exacerbation of pre-existing neurologic disorders and new symptoms during late gestation.) According to the EANO guidelines for managing VS, surgery is the only treatment option for VS with brain compression (Koos IV) or larger than 3 cm in diameter (recommendation level is a good practice point) (25). To avoid rapid progression of VS during pregnancy, which increases the difficulty and risk of treatment of the patient, it is recommended that surgical intervention be conducted during mid-pregnancy for cases of solid tumors with a Koos classification of grade IV or a diameter exceeding 3 cm, irrespective of the presence of obstructive hydrocephalus in the pregnant patient. This is particularly pertinent for cases exhibiting cystic degeneration.



3.6 Vestibular schwannomas in the third trimester (25–36 weeks)

Typically, approximately 50% of the patients are in the advanced stages of pregnancy upon the diagnosis of VS. It is an unsuitable time for non-obstetric surgery due to the hemodynamic changes, high risk of intraoperative bleeding, and postoperative complications for the mother and fetus. Therefore, we recommend that pregnant women with VS receive medical attention in large general hospitals that offer a multidisciplinary treatment approach, with a primary focus on neurosurgery, to ensure the safety of the pregnancy process.

Delivery before resection is equally risky, as uncontrolled bleeding during delivery will impair the automatic intracranial adjustment and then cause a drop in cerebral perfusion pressure of the mother. In case of a successful delivery, conditions are improved for oncological surgical procedures.

To avoid the surgical risk brought by tumor edema and congestion, resection is reported to be performed 3–14 days or longer after delivery. In our case, when the patient presented with a significant decrease in neurological function and her muscle strength on the affected side was reduced to grade 0, we immediately resorted to a simultaneous cesarean section and tumor resection in the CPA region, after which the neurological function of the patient was rapidly restored. There is no objective method of predicting whether damage from tumor compression can be recovered. If surgical intervention is done before the decline of muscle strength reaches zero, it can still result in substantial recovery of the patient’s neurological function, as was in our case Therefore, if a rapid decline in muscle strength on the affected side is observed, or severe posterior group cranial nerve deficits develop, we recommend immediate operative intervention, especially if the conservative management strategy is adopted.”

It is recommended to maintain pregnancy until term for patients exhibiting stable symptoms during the latter stages of pregnancy, while ensuring that maternal health indicators remain stable and neurological function remains uncompromised. The patients who developed neurological symptoms in late pregnancy have been reported in the literature to have undergone VS resection after delivery, with good postoperative maternal and fetal outcomes (3, 7, 11, 26). This proves that conservative treatment measures and appropriate postponement of surgery, even until full-term delivery, are feasible and more conducive to newborn survival in cases with mild neurological dysfunction (27).

It is imperative to pay special attention to symptoms caused by tumor compression, including hearing loss, tinnitus, facial nerve, trigeminal nerve dysfunction, balance instability, ataxia, nystagmus, and headache, as these are prevalent in almost 50% of people. The manifestation of secondary hydrocephalus and sub-microcephalic tonsillar herniation resulting from the mass effect of the tumor includes a range of symptoms such as headache, vomiting, suboccipital pain and vertigo, and hearing loss. These symptoms may develop due to compression of the posterior group cranial nerve or brainstem (28). Headache associated with increased intracranial pressure is usually gradual; it worsens as time passes and is accompanied by a Valsalva maneuver that increases cranial pressure (29). The increased intra-abdominal pressure in the later stages of pregnancy may increase ICP through the congestion of intravertebral veins and obstruction of cerebral venous blood return (30). The elevated ICP and the increased blood volume in late pregnancy can further cause hypertension in pregnancy (Figure 2). Effective surgical decompression can significantly relieve symptoms caused by hydrocephalus and secondary hypertension to appropriately delay the delivery (3, 21). Based on the analysis of Kushal’s and other relevant cases, it is suggested that patients experiencing obstructive hydrocephalus in late pregnancy should undergo V-P shunts. However, in cases where the V-P shunt proves to be ineffective, immediate surgical decompression is recommended.




4 Highlights

1. In this case, the tumor exhibited the greatest diameter during advanced pregnancy. Furthermore, the patient had a good functional restoration after the surgical intervention.

2. Thanks to a multidisciplinary approach, we successfully completed a cesarean section and a tumor resection in the CPA region. Simultaneously, we prevented further neurological deficits, thereby protecting the patient’s neurological functionality. Therefore, it is recommended that these patients receive treatment at large general hospitals.

3. Based on a comprehensive analysis of previous cases, we are presenting recommendations regarding the optimal treatment modalities and the most appropriate surgical timing for patients with VS during different trimesters of pregnancy.



5 Conclusion

In this report, we have presented a case of a patient who experienced a late pregnancy combined with a large VS, resulting in significant neurological impairments. However, the patient was able to deliver the fetus successfully and achieve full neurological recovery with effective intervention. It is recommended that obstetricians exercise caution in the early diagnosis of pregnant women who present with symptoms of headache, vomiting, and hearing loss, as these may be indicative of underlying medical conditions that require prompt attention. In cases where early detection of VS is possible, it is advisable to perform resection during the second trimester of pregnancy for tumors exhibiting Koos grade IV, measuring greater than 3 cm, or displaying cystic degeneration. In late pregnancy, patients with reversible symptoms are advised to maintain their pregnancy as far as possible by conservative measures or minimally invasive procedures, provided that a balance is achieved between ensuring fetal maturation and protecting vital maternal neurological functions. In cases where the extent of nerve damage is uncertain, it is recommended that prompt delivery and surgical decompression be performed if the patient experiences a rapid loss of muscle strength on the affected side or exhibits significant deficits in the posterior group of cranial nerves.
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