

  brainsci-13-01533




brainsci-13-01533







Brain Sci. 2023, 13(11), 1533; doi:10.3390/brainsci13111533




Article



Multi-Disciplinary Approach to Skull Base Paragangliomas



Steven D. Curry 1,2, Armine Kocharyan 1,2 and Gregory P. Lekovic 1,3,*





1



House Clinic, Los Angeles, CA 90017, USA






2



Department of Head and Neck Surgery, University of California Los Angeles Medical Center, Los Angeles, CA 90095, USA






3



Department of Neurosurgery, University of California Los Angeles Medical Center, Los Angeles, CA 90095, USA









*



Correspondence: glekovic@mednet.ucla.edu







Citation: Curry, S.D.; Kocharyan, A.; Lekovic, G.P. Multi-Disciplinary Approach to Skull Base Paragangliomas. Brain Sci. 2023, 13, 1533. https://doi.org/10.3390/brainsci13111533



Academic Editor: Miguel Lopez-Gonzalez



Received: 26 September 2023 / Revised: 25 October 2023 / Accepted: 28 October 2023 / Published: 31 October 2023



Abstract

:

The treatment of skull base paragangliomas has moved towards the use of cranial nerve preservation strategies, using radiation therapy and subtotal resection in instances when aiming for gross total resection would be expected to cause increased morbidity compared to the natural history of the tumor itself. The goal of this study was to analyze the role of surgery in patients with skull base paragangliomas treated with CyberKnife stereotactic radiosurgery (SRS) for definitive tumor control. A retrospective review identified 22 patients (median age 65.5 years, 50% female) treated with SRS from 2010–2022. Fourteen patients (63.6%) underwent microsurgical resection. Gross total resection was performed in four patients for tympanic paraganglioma (n = 2), contralateral paraganglioma (n = 1), and intracranial tumor with multiple cranial neuropathies (n = 1). Partial/subtotal resection was performed for the treatment of pulsatile tinnitus and conductive hearing loss (n = 6), chronic otitis and otorrhea (n = 2), intracranial extension (n = 1), or episodic vertigo due to perilymphatic fistula (n = 1). Eighteen patients had clinical and imaging follow-up for a mean (SD) of 4.5 (3.4) years after SRS, with all patients having clinical and radiological tumor control and no mortalities. Surgery remains an important component in the multidisciplinary treatment of skull base paraganglioma when considering other outcomes besides local tumor control.
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1. Introduction


Paragangliomas are rare tumors overall but are the most common tumors of the jugular foramen and middle ear; hence, they are of importance to skull base surgeons [1,2]. Paragangliomas are slow-growing, benign-acting, neuroendocrine neoplasms that develop from the embryonic neural crest. In the vicinity of the skull base, these tumors can develop from cells in the adventitia of the jugular bulb (jugular paraganglioma, glomus jugulare), middle ear (tympanic paraganglioma, glomus tympanicum), or along one of the three ganglia of the vagus nerve (vagal paraganglioma) [3,4]. Patients with temporal bone paragangliomas (jugular or tympanic paraganglioma) commonly present with hearing loss and pulsatile tinnitus [5,6,7,8,9]. Less commonly, patients with jugular paragangliomas can present with symptoms of facial or lower cranial neuropathy that can manifest as dysphonia, dysphagia, shoulder weakness, or tongue hemiparesis [10]. Vagal paragangliomas can be found incidentally on imaging, but they may also present initially with lower cranial nerve deficits [11].



The management of head and neck paragangliomas has traditionally involved surgical excision with a goal of gross total resection. Tympanic paragangliomas (Fisch class A and B) can be managed surgically to achieve tumor control while improving symptoms of hearing loss and pulsatile tinnitus [12,13,14]. The surgical management of larger (Fisch class C and D) jugulotympanic paragangliomas (JTP) is challenging due to the complex anatomy, including the great vessels, cranial nerves, and proximity to intracranial structures. Similarly, the excision of vagal paragangliomas has resulted in high rates of vagus nerve injury leading to persistent dysphagia and dysphonia [15,16,17,18].



Advances in neuroimaging, refinements in radiation therapy, and an interest in less invasive treatment paradigms for these usually benign-acting lesions have led to a movement away from radical removal to achieve gross total resection of skull base paragangliomas towards more conservative approaches focused on functional preservation [19,20,21]. This has led to the use of individualized treatment using one or more modalities during the course of treatment including surgery, radiation therapy, or observation with serial imaging (“wait-and-scan approach”) as part of a multidisciplinary team approach. These modalities can be combined or used sequentially based on contingencies and patient-specific factors including tumor size, growth, and location; cranial nerve function (ipsilateral and contralateral); patient age; and patient preferences. Understanding the utility of these options can aid in the treatment planning of complex cases. Subtotal surgical resection has been used in symptomatic patients, either alone or together with radiotherapy, to manage large JTPs while maintaining the functionality of the lower cranial nerves [22,23,24]. Stereotactic radiosurgery (SRS) has been shown to be effective when used to arrest tumor growth but often does not lead to the improvement of symptoms such as pulsatile tinnitus and hearing loss; hence, there is a need to consider surgical management options in order to achieve the dual goals of tumor control and symptom reduction [25].



Numerous prior studies have examined outcomes including tumor control and cranial nerve function among patients with head and neck paragangliomas treated with either surgery or radiation therapy to contrast the relative merits of these treatment modalities [21,26,27,28]. The goal of this study was to examine treatment management strategies in patients who underwent CyberKnife SRS to determine the role of surgery in the contemporary multidisciplinary treatment of complex skull base paragangliomas.




2. Materials and Methods


A retrospective chart review was performed for patients at a tertiary care neurotology clinic who were treated for paragangliomas by the senior author (G.P.L.). The inclusion criteria were patients with tympanic, jugular, vagal paraganglioma, or a combination of these who underwent CyberKnife for definitive management of their tumor from 2010–2022. Patient charts were reviewed, and demographic and clinical data were collected, including sex, age, diagnosis, prior treatment, clinical history and presentation, radiation therapy (treatment modality, dose, and dates treated), pre-operative embolization, surgical management (indication for treatment, operation performed, date treated, extent of resection, surgical pathology), pertinent imaging records, and length of follow-up after treatment. Tumor extent was stratified using the Fisch classification of paragangliomas. Data on outcome measures were collected including, post-surgery and -radiotherapy new or worsening cranial neuropathy or other treatment-related complications, length of follow-up with tumor control, and mortality.



All patients were treated with CyberKnife radiosurgical ablation using a prescription dose of 27 Gy in three fractions. Prior to treatment, an Aquaplast mask was fabricated to immobilize the patient, and thin-section magnetic resonance imaging (MRI) with multiplanar, multisequence reconstructions in the axial, coronal, and sagittal planes performed prior to and following the administration of intravenous contrast and computed tomography (CT) images using a high resolution multidetector CT scanner with post-processed reformations was obtained to delineate the target tumor volume and critical anatomic structures for treatment planning using the CyberKnife Multiplan software (Accuray Incorporated, Sunnyvale, CA, USA).



Patients were followed after treatment with contrast-enhanced MRI and clinical examination. Tumor control was defined as unchanged (<2 mm growth in any dimension) or decreased tumor volume determined by the greatest linear measurements in the craniocaudal, axial, and transverse dimensions on MRI studies and no new or worsening cranial neuropathies identified on clinical examination.



Descriptive statistics were calculated to summarize the patient series. Continuous variables were reported as mean and standard deviation if normally distributed, or median and interquartile range (IQR) if skewed as determined by the Shapiro–Wilk test. Associations between continuous variables were assessed using independent samples t-tests. Statistical analysis was performed in R version 4.3.1 (R Foundation for Statistical Computing, Vienna, Austria). A threshold of p < 0.05 was considered significant for all statistical tests.




3. Results


3.1. Patient Demographics and Clinical Characteristics


There were 22 patients who met inclusion criteria and were retrospectively analyzed. The mean (SD) age was 61.2 (16.8) years (range 15 to 83 years), and 50% were female (Table 1).



Nineteen patients were treated for jugulotympanic paragangliomas, including Fisch class B tympanic paragangliomas (n = 3), and Fisch class C (n = 15) and class D (n = 1) jugular paragangliomas. Three patients were treated for vagal paragangliomas. No tumors were found to be functional/secreting.




3.2. Surgical Management


Fourteen patients (63.6%) underwent microsurgical resection. Tympanomastoidectomy with or without an extended facial recess approach was used in half (n = 7) of the cases, including all class B tumors (n = 3) for both tumor and symptom control, and three class C tumors in cases in which the goal of surgery was relief of otologic symptoms. An infratemporal fossa approach with modifications including with or without closure of the external ear canal, and with or without facial nerve rerouting, was used for the remaining jugular and all cases of vagal paragangliomas. In terms of extent of resection, gross total resection was obtained in four patients for tympanic paraganglioma (n = 2), contralateral paraganglioma (n = 1), or intracranial tumor with multiple cranial neuropathies (n = 1). Figure 1 shows pre- and post-operative imaging results from a patient with a class D tumor with brainstem compression.



Subtotal resection was performed for treatment of pulsatile tinnitus and conductive hearing loss (n = 6), chronic otitis and otorrhea (n = 2), intracranial extension (n = 1), or episodic vertigo due to perilymphatic fistula (n = 1). Figure 2 shows imaging results from a patient with a class C tumor who underwent subtotal resection for debilitating pulsatile tinnitus.



Five patients underwent revision surgery for tumor growth or recurrence (n = 4) or persistent conductive hearing loss (n = 1) following prior infratemporal fossa (n = 2) or tympanomastoidectomy (n = 3) approaches. This included tumors classified as Fisch class B (n = 2), class C (n = 2), or class D (n = 1) prior to the patients’ first paraganglioma resection. Revision surgical approaches used included tympanomastoidectomy (n = 3), infratemporal fossa (n = 1), and far lateral (n = 1) approaches.




3.3. Outcomes


Six patients (43% of patients treated surgically) had new or worsening cranial neuropathies after surgery. Facial nerve palsy occurred in three patients; all improved to House–Brackmann grade 1 or 2. Other cranial neuropathies included worsened dysphonia (n = 3) and worsened dysphagia (n = 2). No patients required a tracheostomy or gastrostomy.



Patients were treated with SRS a median of 1.4 years (IQR 0.4 to 3.1 years) after initial surgical treatment. The extent of surgical resection (gross total versus subtotal resection) was not associated with a statistically significant difference in time between initial surgery and SRS (p = 0.41). Four patients were reported to have new or worsened cranial neuropathies after SRS including dysphagia (n = 2), dysphonia (n = 1), vertigo (n = 1), facial numbness (n = 1), and facial spasm (n = 1). Eighteen patients had clinical and radiological follow-up for a mean (SD) of 4.5 (3.4) years after SRS, with all patients having clinical and radiological tumor control. There were no mortalities.





4. Discussion


Over half (63.6%) of the patients in this series of 22 patients with skull base paragangliomas who were treated with CyberKnife stereotactic radiation for tumor control of skull base paragangliomas underwent surgery. Patients treated with subtotal surgical resection comprised 10 (45.5%) of the series and the majority (10 out of 14, 71.4%) of patients who were treated surgically. Overall, rates of new or worsening cranial neuropathies treatment using approaches directed towards preserving function were much lower compared to the published literature on patients who were treated using surgical approaches focused on gross total resection, thus showing that a management approach ordered towards functional preservation in advanced skull base paragangliomas is practical [15,27,29,30,31].



Despite the typically indolent growth of these tumors, mass effect and local invasion can produce symptoms and warrant management. Operative management of skull base paragangliomas serves a role for alleviating otologic symptoms of conductive hearing loss and pulsatile tinnitus, as well as controlling the effects of secreting tumors, though functional tumors are uncommon among paragangliomas of the head and neck. Surgery may also be indicated in patients with intracranial extension causing brainstem compression or obstructive hydrocephalus [24,32,33,34,35]. The World Health Organization Classification of Head and Neck Tumors now classifies paraganglioma as a tumor of indeterminate biology, rather than benign or malignant, with a spectrum of malignant potential [36]. Known or suspected cases of metastasis may result in additional surgical indications. In the present series, otologic symptoms including pulsatile tinnitus, conductive hearing loss, and external ear canal extension comprised the symptomatic indications for surgery. Other surgical indications in this series included intracranial extension and tympanic paraganglioma treated with an intent to cure. There were no instances of secreting tumors or suspected metastases.



The treatment of skull base paragangliomas is challenging due to the complex anatomy, infiltrative growth though air cell tracts and along foramina and vascular pathways, and the risk of damage to cranial nerves and blood vessels with treatment [25]. The surgical management of jugular foramen tumors can result in high rates of new or worsening cranial nerve deficits, especially to cranial nerves IX to XII as they pass through the jugular foramen and the hypoglossal canal, though lower rates of cranial nerve dysfunction have been reported for surgical management of paragangliomas compared to schwannomas or meningiomas of the jugular foramen [31,37]. The majority of skull base paragangliomas are slow-growing, non-secreting, benign-appearing tumors; thus, it is important that interventions minimize added morbidity and deliver better long-term outcomes than patients would have with the natural course of the disease. These considerations have led to an interest in alternatives to methods such as the infratemporal fossa type A approach, with facial nerve transposition and jugular vein resection, as described by Fisch in 1978 for jugulotympanic paragangliomas [38,39].



Treatment that is more conservative compared to complete surgical extirpation and that encompasses multiple goals, including tumor control, symptom reduction, the relief of brainstem compression if present, and the prevention of late complications while maintaining cranial nerve function, can be individualized based on tumor and patient factors. For patients with symptomatic or growing tumors, subtotal resection with adjuvant or salvage radiation therapy can result in high rates of tumor control with low rates of new or worsening lower cranial neuropathies [27,29,30]. Microsurgical techniques including preservation of the medial wall of the jugular bulb in surgical resection of jugular paragangliomas allow for protection of the lower cranial nerves that pass through the jugular foramen [40,41,42].



Special consideration should be given to paragangliomas of the vagus nerve. Operative management of vagal paragangliomas carries an especially high risk of vagus nerve injury compared to surgery for jugular paragangliomas. In a series of vagal paragangliomas, 37 out of 40 patients treated surgically had sacrifice of the ipsilateral vagus nerve, and all 40 patients had permanent ipsilateral vocal fold paralysis [15]. A systematic review of 226 vagal paragangliomas treated surgically found that the vagus nerve was functionally preserved in only 11 (4.9%) patients [26]. In addition to the laryngeal deficits from vagal nerve injury, high vagal paralysis causes ipsilateral soft palate paralysis and subsequent nasal regurgitation and voice changes. Among elderly or debilitated patients especially, multiple cranial neuropathies, as can occur with aggressive surgical resection of these tumors, may prevent rehabilitation to adequate oral diet [43]. Bilateral vagal nerve palsy can lead to the need for permanent tracheostomy and enteral nutrition. In contrast to these reasons for avoiding surgery, vagal paragangliomas have higher rates of metastasis compared to jugulotympanic paragangliomas [44,45,46]. The management of these tumors should be individualized in light of these considerations.



Radiation therapy, especially SRS with CyberKnife, has emerged as an option for both primary or salvage treatment of skull base paragangliomas [26,28,47]. SRS has excellent rates of tumor control, with decreased morbidity compared to surgery in these cases [21,26]. After a planned subtotal resection for indications including pulsatile tinnitus or conductive hearing loss, SRS can be useful to arrest tumor growth in enlarging tumors, especially in younger patients to reduce the risk of future complications such as cranial neuropathies. In the absence of surgical indications, SRS can be used as a primary therapy to arrest tumor growth. Overall, the incidence of new cranial neuropathy after SRS is low [24,48]. Among patients in our series, two patients had more severe vagal neuropathies (worse dysphagia and/or dysphonia) after SRS, and one patient developed facial numbness and facial spasms after SRS. One important limitation of SRS compared to surgery is that radiation therapy may yield improvement in symptoms in less than half of patients [25].



In the present series, while all patients underwent SRS for definitive control of their paragangliomas (according to the inclusion criteria of this study), most of the patients additionally underwent surgical management for indications including improvement in conductive hearing loss, reducing pulsatile tinnitus, treating otorrhagia and chronic otitis from tumor extension into the external ear canal, and reducing the radiation dose to the cochlea sustained during SRS. Dual-modality treatment (subtotal microsurgical resection with stereotactic radiotherapy) should be considered in patients with bothersome symptoms that are amenable to surgical therapy and who are appropriately counseled regarding the risks and benefits of these treatment modalities.



Angiography with embolization was a commonly used adjunct to surgery. A retrospective study of patients who underwent pre-operative embolization prior to resection of jugular paraganglioma showed a >50% reduction in tumor blush in 86% of patients, with no new or worsening cranial nerve deficits after embolization [49]. Nevertheless, embolization carries risks as the overlapping blood supply between tumors and cranial nerves has been shown to cause facial or lower cranial neuropathies after preoperative embolization with onyx or ethylene vinyl alcohol [50,51]. Cerebrovascular accident can occur due to anastomotic connections between branches of the external carotid artery (e.g., branches of the ascending pharyngeal, deep cervical, ascending cervical, and occipital arteries) and the vertebral artery [52].



Non-operative management should be considered especially in patients who are elderly or who have contralateral lower cranial nerve deficits, poor health or life expectancy, or are unable to tolerate surgery. Observation can be considered in asymptomatic and non-growing tumors to avoid treatment-related morbidities. Reports show that a significant portion of jugular paragangliomas may remain stable in size with observation with serial MRI for years, allowing patients to potentially avoid either surgery or radiation therapy [53,54,55,56].



Other considerations in the comprehensive management of skull base paragangliomas include genetic and biochemical testing. The prevalence of germline mutations in head and neck paragangliomas is now recognized to be about 40%, and the results of genetic testing can provide information for risk stratification. This can include stratifying the risk of aggressive tumor behavior and the development of future tumors, whether metastatic, synchronous, or metachronous paragangliomas, or other tumors that can present as part of a syndrome including renal cell carcinoma, papillary thyroid carcinoma, neuroblastoma, or gastrointestinal stroma tumors [57]. Mutations in subunits of succinate dehydrogenase (SDH) are the most common, and tumors with SDHB mutations have the highest risk for metastasis [36,58,59,60]. Clinical practice and clinical consensus guidelines recommend referral for genetic testing for all patients diagnosed with paragangliomas, and initial biochemical testing with either plasma free metanephrines or urinary fractionated metanephrines is recommended to evaluate for the presence of secreting tumors [57,61,62].



Given the rarity of these tumors, the present study comprises a relatively large number of patients treated with definitive SRS. This series illustrates multiple indications for surgery apart from tumor control, showing that in the multidisciplinary treatment of patients with skull base paragangliomas both surgery and radiation therapy may have value, and the comprehensive treatment of these patients should address both tumor control and symptom amelioration. One of the limitations of this study is that it encompasses a heterogenous group of patients, with a variety of presenting symptoms, tumor locations and sizes, patient ages, and comorbidities. Treatment decisions were determined by shared decision making between surgeons and patients for diverse reasons rather than per a defined protocol. Given these limitations, the ability to quantitatively analyze the outcomes and generalize them to other patient populations may be limited.




5. Conclusions


The management of head and neck paragangliomas has evolved to focus on long term preservation of function, with many tumors being treated more conservatively than they would have been in the past, and radiotherapy is a common treatment modality for achieving tumor control. Among patients with skull base paragangliomas who are treated with CyberKnife SRS for definitive management of their tumors, surgery remains an important component in the multidisciplinary treatment when considering other outcomes beyond local tumor control including the treatment of pulsatile tinnitus, conductive hearing loss, chronic otitis and otorrhea, intracranial extension of tumor, or episodic vertigo due to perilymphatic fistula.
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Figure 1. T1-weighted contrast-enhanced MRI of a patient with a Fisch class D jugular paraganglioma who underwent an infratemporal fossa approach for gross total resection of the tumor. The axial pre-surgery image in (A) shows brainstem compression from a contrast-enhancing tumor. Part (B) shows an axial image slightly more cranial compared to the image in (A) showing a fat graft that was used to reconstruct the surgical defect. The coronal pre-surgery image in (C) shows contrast-enhancing tumor extending from the jugular bulb to the cerebellopontine angle. The post-surgery image in (D) shows the removal of intracranial tumor, with a fat graft visible. Arrows in (A,C) indicate tumor. Arrowheads in (B,D) indicate fat graft. 
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Figure 2. MRI and CT imaging of a patient with a Fisch class C jugular paraganglioma who underwent a modified infratemporal fossa approach for subtotal tumor resection for relief of pulsatile tinnitus and conductive hearing loss. Axial T1-weighted contrast-enhanced MRI presurgical (A) and postsurgical (B) imaging shows persistent tumor in the area of the ju