

[image: Unilateral Subfrontal Approach for Giant Tuberculum Sellae Meningioma: Single Center Experience and Review of the Literature]
Unilateral Subfrontal Approach for Giant Tuberculum Sellae Meningioma: Single Center Experience and Review of the Literature





ORIGINAL RESEARCH

published: 09 August 2021

doi: 10.3389/fonc.2021.708235

[image: image2]


Unilateral Subfrontal Approach for Giant Tuberculum Sellae Meningioma: Single Center Experience and Review of the Literature


Feng Xiao †, Jie Shen †, Luyuan Zhang †, Jiqi Yang, Yuxiang Weng, Zebin Fang, Chao Zhang, Hongxing Ye, Renya Zhan * and Xiujue Zheng *


Department of Neurosurgery, The First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, China




Edited by: 

Weihong Jiang, Central South University, China

Reviewed by: 

Tianwen Gao, Nanjing Medical University, China

Jian Xie, Capital Medical University, China

*Correspondence:  

Renya Zhan
 1196057@zju.edu.cn 

Xiujue Zheng
 zxj8065@zju.edu.cn





†These authors have contributed equally to this work

Specialty section: 
 This article was submitted to Surgical Oncology, a section of the journal Frontiers in Oncology


Received: 11 May 2021

Accepted: 19 July 2021

Published: 09 August 2021

Citation:
Xiao F, Shen J, Zhang L, Yang J, Weng Y, Fang Z, Zhang C, Ye H, Zhan R and Zheng X (2021) Unilateral Subfrontal Approach for Giant Tuberculum Sellae Meningioma: Single Center Experience and Review of the Literature. Front. Oncol. 11:708235. doi: 10.3389/fonc.2021.708235




Background

Microsurgical Transcranial approach (mTCA) is the primary choice for the resection of giant Tuberculum Sellae Meningiomas (TSM). The objective of this study is to explore surgical details of unilateral subfrontal approach.



Methods

Ten patients with giant TSM treated by unilateral subfrontal approach were included from January 2018 to June 2021. Demographic characteristics, surgical data, post-procedure complications and outcomes of patients have been descriptive analyzed, combined with systematic literature review to explore the surgical details and the prognosis of unilateral subfrontal approach.



Results

Ten patients include six male and four females, age range from 35 to 77 years, duration of visual impairment from 1 to 12 months, were all performed unilateral subfrontal approach. Nine patients achieved radical resection (Simpson grades I-II) through post-operative imaging confirmation, and Simpson IV resection was performed in the remaining one due to cavernous sinus invasion. The postoperative visual acuity was improved or maintained in 8 patients. Visual acuity decreased in 2 cases, including 1 case of optic nerve atrophy and the other case of optic canal not opening. Five cases with frontal sinus opened were repaired during the operation and there was no postoperative cerebrospinal fluid leakage or intracranial infection. One patient suffered from postoperative anosmia, one patient developed left limb weakness, but their symptoms have improved in the follow-up.



Conclusion

Summarize the experience of our center and previous literature, unilateral forehead bottom craniotomy is a feasible surgical approach for giant tuberculum sellae meningioma. Intraoperative application of EC glue and pedicled fascia flap to repair the frontal sinus can prevent complications associated with frontal sinus opening. Optic canal unroofing has huge advantage in visual improvement.
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Introduction

Meningiomas are the most common tumors arising from the meninges by far, accounting for 13%-26% in primary intracranial tumors, more common among female (1, 2). The clinical manifestation and course of disease may be quite different on individuals, a portion are characterized by asymptomatic lesions with slow growth which found by incidental computerized tomography, some present a headache, but sometimes, the progressive enlargement of tumors may lead to seizures, neurological deficits occurred after adjacent nerve tissues compressed, disorder of hormone secretion caused by impairment of pituitary (1, 3). Tuberculum sellae meningiomas (TSM) approximately account for 5%-10% in all meningiomas, occur in the sphenoidal platform, anterior bed, saddle nodule, and saddle septum (3–7). Microsurgical resection is still the first choice for tuberculum sellae meningioma. The anatomy location of giant TSMs (maximum diameter ≥ 3cm) are deeper and more complex, some of giant TSMs often wraps around optic nerve, internal carotid artery and branches, oculomotor nerve, pituitary gland and pituitary stalk (8). As a result, the difficulty of total resection of the tumor is greatly increased, and postoperative complications are difficult to completely avoid. There are still great challenges in clinical practice on how to achieve the maximum excision of tumors, protect blood vessels and nerves, and reduce postoperative complications. Microsurgical craniotomy has always been the main surgical method for the treatment of tuberosity sellae meningioma due to its good total tumor resection rate, however, it also has disadvantages such as large surgical trauma and easy traction of the optic nerve. We present a case series of 10 patients with giant tuberculum sellae meningiomas and summarize literature to explore the surgical details of unilateral subfrontal approach.



Materials and Methods


Study Population

Patients diagnosed with TSM and treated by microsurgical transcranial resection between January 2018 to June 2021 in Department of Neurosurgery, The First Affiliated Hospital, College of Medicine, Zhejiang University were included in this case series report. Of 39 patients with TSM in our center, 10 patients met the following inclusion criteria: MRI showed that a space-occupying lesion with a diameter of more than 3 cm was observed in the saddle nodule; Postoperative pathology of tumor revealed meningioma. Written informed consent was obtained from all individual participants before procedures and permission for the publication. Giant TSM were all resected by the same surgeon using unilateral subfrontal approach. Patients whose giant TSM resected by other surgical approaches were excluded, and also those absence of important medical information.



Clinical Therapeutic Protocol

All patients’ meningiomas were resected by the same experienced surgeons using unilateral subfrontal approach (Figure 1). The repair process of frontal sinus is as follows (Figure 2): Ear-cerebrum (EC) glue was dripped into the gelatin sponge and filled the open frontal sinus cavity with gelatin sponge containing EC glue. Finally, the open frontal sinus was covered by subcutaneous fascia of the forehead and then sutured with the meninges. Optic canal unroofing was taken in patients with tuberculum sellae meningiomas which invaded optic canal.




Figure 1 | (A) and (B) showed the bone window of the unilateral subfrontal approach, the larger extension to the temporal side, the more fields of surgical view exposed. (C) showed the schematic diagram of unilateral frontal floor craniotomy. (D) showed the visual field of sellar area by unilateral subfrontal approach.






Figure 2 | (A) The gelatin sponge was dripped with EC glue. (B–D) The open frontal sinus cavity was filled with gelatin sponge containing EC glue. (E, F) The open frontal sinus was covered by subcutaneous pedicle and sutured with the frontal meninges.





Clinical Variables and Definition

The demographic features of the patients, symptoms upon admission, duration of visual impairment, visual acuity and visual field, surgical approaches, intraoperative video, size of meningiomas are reviewed and described. Some potential postoperative complications such as anosmia, cerebrospinal fluid (CSF) leakage, cerebral infection, epilepsy, artery injury, endocrine hormones disorder and so on were carefully examined in every patient. Anosmia was tested using the UPSIT (9). Odor identification refers to a person’s ability to produce and attach a verbal label to an odor, or to identify an odor that matches a verbal or nonverbal (picture) label provided by another person (10).



Outcome Measures

Postoperative magnetic resonance imaging was the preferred investigation of choice to assess the gross resection rate of tumors, residual and recurrence of tumor. The extent of meningioma resection was assessed by Simpson classification criteria (11). The visual acuity prognosis was assessed by a neurosurgeon using visual acuity chart on discharge and three months after discharge via telephone call or outpatient appointment.




Result

Ten cases of TSM were included, including 6 males and 4 females (Table 1), with an average age of 54 ± 3.7 years old. All of them were giant TSM with maximum diameter (calculated according to the maximum diameter of sagittal MRI tumor) ≥ 30mm, with an average size of 34.3 ± 1.03 mm. Table 1 summarizes the patients’ characteristics. Simpson I-II resection was performed in 9 cases (Table 1, Figure 3). Neurosurgeon resected the main tumors and the meningeal invasion site during the operation and cauterize the tumor attachment site by electrocoagulation at the same time. The remaining 1 case underwent Simpson IV resection because the tumor invaded the cavernous sinus and grew into the cavernous sinus. There was still residual tumor in cavernous sinus after operation. Eight patients’ optic canal were invaded by the tumor, all of them performed unilateral optic canal unroofing and enlargement, incised falciform ligament and resected peripheral tumors of optic nerve (Figure 4). And all of these eight patients had visual acuity improved after operation. Two cases suffered varying degrees of vision loss: One case had only preoperative light perception, the tumor was huge and the optic nerve was obviously compressed and pushed and thinner than normal, these suggested that optic nerve atrophy; Another case may have optic canal invasion, but the optic canal was not unroofed during the operation. The frontal sinus was opened in 5 cases during the operation, all of which were filled and repaired with EC glue, and covered with frontal subcutaneous pedicled fascia flap (Figure 2). There was no cerebrospinal fluid leakage and intracranial infection in these 5 patients. In one case, surgeon was obliged to stretched the frontal lobe due to the huge tumor. As a result, there was extensive edema of the frontal lobe after the operation, and the muscle strength of the left limb decreased. After 6 months of rehabilitation, patient’s muscle strength of the limb improved. In another case, transient loss of smell occurred after the operation, and the olfactory function was improved after 6 months follow-up.


Table 1 | Clinical characteristics of patients and tumors.






Figure 3 | It is the preoperative and postoperative MRI enhancement figure of one case. (A) and (B) showed the tumor was huge and surrounded bilateral internal carotid arteries. (C) and (D) showed total resection of the tumor.






Figure 4 | (A) Exposure of bilateral optic nerves and tumors via left subfrontal approach. (B) Open the left optic canal (Yellow arrow) and the left falciform ligament (Green arrow). (C) The left falciform ligament was incised to expose the optic canal tumor.





Discussion

TSM is a general term for meningioma originating from the skull base and the saddle area transition zone. Since Cushing completed the first resection of tuberculum sellae meningioma in 1916, surgery has been the preferred treatment for tuberculum sellae meningioma (1, 5, 6, 12). The surgical approach for tuberculum sellae meningioma mainly depends on the size, growth direction and neurovascular invasion of tumor. At present, the most commonly used surgical approaches include subfrontal approach (13), anterior interhemispheric approach (14, 15), pterional approach (16, 17), supraorbital keyhole approach (7, 18), and endoscopic endonasal approach (EEA) (12, 19). There are many disputes about the choice of surgical approach at present, but microsurgery is the key to totally remove tumors.

Unilateral or bilateral subfrontal approach was usually selected in earlier microsurgery to resect TSM (13). The subfrontal approach can provide a wide and direct field of vision, clearly expose bilateral optic nerve, internal carotid artery, anterior cerebral artery and anterior communicating artery to protect visual nerve and adjacent vessels, facilitate the reconstruction of anterior cranial fossa base. In a long-term follow-up study of subfrontal approach for TSM patients (13), radical resection (Simpson Grades I and II) was achieved in 79% of patients and 91% of patients with preoperative visual impairment showed significantly improved postoperative visual impairment score (VIS). In previous literature, bilateral subfrontal approach can achieve visual improvement more effective than other surgical approaches (6, 13, 20). Unilateral subfrontal approach can expose bilateral optic nerves at the same time and perform decompression of bilateral optic canal, there is no obvious disadvantage compared with bilateral frontal floor approach. Although the visual field of unilateral subfrontal approach is smaller than that of bilateral frontal floor approach, the scope of craniotomy is smaller and the surgical trauma is smaller. And there is no need to ligate the sagittal sinus, the contralateral olfactory nerve can also be reserved, so the possibility of postoperative olfactory dysfunction is reduced. In our case series, one patient had postoperative olfactory loss, but then improved after discharge.

Pterional approach is a classic approach for skull base surgery. Studies have shown that pterional approach is more suitable for sellae meningiomas with tumors growing on one side and posterior sellae region (5, 16, 17). The pterional approach has three main advantages: First, it can minimize the damage to the olfactory nerve through fully exposing of the ipsilateral olfactory nerve without cutting off the olfactory tract. Second, the frontal bone window edge is generally far from the frontal sinus, and the risk of cerebrospinal fluid leakage or frontal sinus infection is low. Third, this approach has the shortest distance to the sellae region. However, a large number of huge sellae tubercle meningiomas often adhere to the optic nerve and invade the optic foramen, which makes pterional approach for resection of sellae tubercle meningiomas prone to residual (21). And ipsilateral optic nerve and inferior surface of the optic chiasma cannot be fully exposed, previous literature shows that about 10% to 20% of patients with pterional approach may have visual impairment after surgery (22–26). However, by using a unilateral frontal approach, attaining a fuller anatomy exposure on optic nerve areas, the inferior surface of the optic nerve can be clearly visualized under the microscope and its perforators can be carefully preserved. Thus, the improvement of visual function is better in unilateral frontal approach. In addition, unilateral frontal approach has more widely vision of sphenoid plateau and sellae tubercle compared with pterional approach, and its field of obtained vision during the operation is also wider. At the same time, unilateral frontal approach is more beneficial for the protection of blood vessels in the sellae area because of the clearly exposure of the lateral field of internal carotid artery.

Anterior interhemispheric approach was first used in anterior communicating artery aneurysm clipping (27). With the progress of microsurgery, it has become an alternative surgical approach for tuberculum sellae meningiomas (7). It provides a broad and direct surgical approach to the entire optic nerve apparatus and its surrounding structures, including the tubercle sellae, and without excessive frontal lobe contraction. Current literature has reported that the gross total resection (GTR) of this approach for tuberculum sellae meningiomas is over 90% (14, 15). In addition, the interhemispheric fissure approach has more visual enhancement benefits, at least, fewer visual deterioration after surgery (28). And without opening the frontal sinus during surgery, cerebrospinal fluid leakage is also rare. The shortcomings of this approach is that surgeon require more elaborate micromanipulation and longer operative time to dissect the anterior hemispheric fissure and more chance to occur anosmia after interhemispheric approach (28). Moreover, the longitudinal fissure approach is relatively difficult to expose the lateral side of the tumor compared with the unilateral subfrontal approach.

The endoscopic endonasal approach has become a new alternative technology different from transcranial approach (3, 29, 30). EEA offers several advantages over TCA, such as maximize the removal of all bone and dura involved by tumor; less manipulation of the optic nerves, optic chiasm, and brain; improved visualization of the medial optic canal and without skin incision, more aesthetically pleasing (31–34). However, in the early period, the outcome of tuberculum sellae meningiomas resected by EEA is not satisfactory. Prior to 2012, a meta-analysis comprised 60 series and 1426 patients revealed the GTR of TSM was higher in patients undergoing microsurgical transcranial surgery compared those undergoing EEA (84.1% vs 74.7%; p = 0.041) (35). In another meta-analysis included 64 case series which published before 2017, found no significant statistical significance in GTR between mTCA and EEA for patients with TSM (EEA: 83.0% vs mTCA: 85.8%, p = 0.34), however, visual improvement was higher in EEA than mTCA for patients with TSM (77.7% vs 60.7%, p < 0.01) (12). The mainly advantages of EEA are the protection of optic nerve and the improvement of visual acuity after surgery, but its main problems of EEA are the high incidence of cerebrospinal fluid leakage and meningitis. Most of the current studies consistently confirm that EEA provides better results at the expense of higher CSF leakage rates in visual restoration and preservation (12, 13, 34–36). It is worth mentioning that the risk of cerebrospinal fluid leakage after EEA has been gradually reduced with the improvement and standardization of reconstruction techniques of nasal septal flaps (37, 38). The prominent drawback of EEA is difficult to resect giant tumor (the largest diameter ≥ 30mm), tumor with tough texture or the lateral growth tumor that invades the optic canal and surrounds the internal carotid artery. Therefore, craniotomy is still the first choice for giant complex tuberculum sellae meningiomas.

Unilateral subfrontal approach requires fully exposing the base of anterior cranial fossa to reduce the traction of the frontal lobe, so the frontal sinus will be opened in most cases. Some researches pointed out the potential risk of cerebrospinal fluid leakage, meningitis, olfactory nerve injury caused by intraoperative frontal sinus opening, and the chance of venous infarction caused by occlusion of the superior sagittal sinus (6). Nevertheless, these complications are not specific to subfrontal approach and, indeed, also exist in the series reports of other surgical approach. And in fact, as long as a better exposure of sellae structure, frontal sinus could be repaired with free fat tissues, the effect of preventing CSF leakage and frontal sinus infections were satisfactory (39, 40). Opening the frontal sinus combined with preoperative navigation to determine the path of the milling cutter to ensure the integrity of the frontal sinus mucosa is a reasonable option. However, it is difficult to completely preserve the frontal sinus mucosa in cases where the frontal sinus is well developed and the top is taller and wider. The procedure of frontal sinus repair in our center is as follows: frontal sinus mucosa was separated and pushed downward during the operation; EC glue was dripped into the dry gelatin sponge and tightly packed in the open frontal sinus orifice; finally, the subcutaneous tissue of the frontal scalp was taken to form a pedicled tissue flap to cover the open frontal sinus orifice, and sutured with the meninges on the inner side of the skull. No cerebrospinal fluid rhinorrhea or frontal sinus associated infection occurred in all cases.

The optimal surgical goal for tuberculum sellae meningioma is to resect as much tumors as possible while preserving good neurological function. In this case series, 9 cases of tumor achieved Simpson I-II resection, and no obvious residual was found on MRI after 3 months of operation, which shows that unilateral subfrontal approach will not reduce the total resection rate of tumor. The effectiveness of radiotherapy as an adjuvant therapy for remnant meningiomas has already been confirmed (41–43). Therefore, when we could not attain gross total resection for tumor, it is more meaningful to preserve the neural function and ensure the self-care ability of patients. According to statistics, the proportion of vision deterioration after surgery for tuberculum sellae meningioma can reach 10 to 40%. Several influence variables of postoperative visual outcome include tumor size (44), the site and extension of the tumor (45), patient age (24), duration and degree of visual compromise (24), and probably also the surgical technique (25, 44). Thus, early treatment and optimal surgical planning for tuberculum sellae meningioma is very important to improve visual acuity. The ischemic, compression, or demyelination of the optic nerve are main causes of optic nerve dysfunction (46). Compression of the nerve could lead to small vessel lesions and demyelinating lesions, thus, some patients optic function might not recover even after decompression. Similarly, a partially demyelinated optic nerve may remyelinate itself after excision of the compressive mass. Previous studies about involvement of the optic canal in cases of tuberculum sellae meningiomas have all recommended opening of the optic canal and resection of the intracanalicular portion of the tumor (25, 47–49). Reviewing the literature, we can find that more than 85% of the patients with TSM who underwent optic nerve unroofing have improved and/or retained their visual acuity after surgery (13, 48–50). In our case series, eight patients performed unilateral optic canal unroofing and all of them had visual acuity improved and/or retained their visual acuity after operation. Intraoperative protection of optic nerve, separation and retention of feeding arteries of optic nerve, optic canal unroofing to relieve compression are vital for improving the visual acuity.

There are some limitations in this study. The clinical data were retrospectively collected and the results only represent the subgroup of giant tuberculum sellae meningioma patients. With regard to outcomes, if data on long-term follow-up can be acquired, the conclusion will be more accurate. Furthermore, the case series were small and acquired from a single center, and only descriptive analysis but without statistical analysis, which may lead to some inevitable bias in the conclusion.



Conclusion

Summarize the experience of our center and previous literature, unilateral subfrontal approach can completely remove the giant sellae nodule meningioma (the maximum diameter is ≥ 30mm), and has good visual retention rate and low postoperative complication rate. It is a feasible surgical treatment for giant TSM. Intraoperative application of EC glue and pedicled fascia flap to repair the frontal sinus can significantly prevent cerebrospinal fluid leakage and frontal sinus infection. Optic canal unroofing has huge advantage in visual improvement especially for patients with visual impairment.
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