Sarah Deberge 
  
Anaïs Meyer 
  
Estelle Le Pabic 
  
Lucie Peigne 
  
Xavier Morandi 
  
Benoit Godey 
email: benoit.godey@chu-rennes.fr
  
Anais Meyer 
  
  
Quality of life in the management of small vestibular schwannomas: observation, radiotherapy and microsurgery

Keywords: vestibular schwannoma, acoustic neurinoma, quality of life, microsurgery, radiosurgery

published or not. The documents may come     Quality of life in the management of small vestibular schwannomas: Observation, radiotherapy and microsurgery

Introduction:

Vestibular schwannoma (VS) is a benign tumour arising from the Schwann cell sheath of the vestibular part of the eighth cranial nerve.

The most common diagnostic symptoms are cochleovestibular symptoms such as unilateral hearing loss, tinnitus and vertigo. Other clinical symptoms such as facial hypoesthesia, facial nerve paralysis and intracranial hypertension appear only with larger tumors. Since the 70th, diagnosis of small VS was already a routine procedure with invasive neuroradiological procedures. With widespread access and improved magnetic resonance imaging (MRI) techniques, VS can nowadays be detected incidentally and earlier with an increasing number of patients presenting with small tumours and few symptoms [START_REF] Stangerup | True incidence of vestibular schwannoma?[END_REF]. The incidence of diagnosed VS increased from 3.1 per million per year in 1976 to 19 per million per year in 2008 [START_REF] Stangerup | True incidence of vestibular schwannoma?[END_REF]. Moreover, the natural history of VS growth is now well known [START_REF] Stangerup | Epidemiology and Natural History of Vestibular Schwannomas[END_REF] and the majority of tumours are slow-growing [START_REF] Varughese | Growth of untreated vestibular schwannoma: a prospective study[END_REF][START_REF] Martin | A protocol for the conservative management of vestibular schwannomas[END_REF].

The best management remains controversial for small and medium-sized VS tumours. Treatments include observation, radiotherapy (RT) and microsurgery (MS) via a hearing preservation (retrosigmoid or middle fossa approach) or translabyrinthine approach. The choice of treatment depends on several criteria such as patient age, comorbidity, tumour size and location, hearing status and patient preference.

In recent decades, quality of life (QOL) has become an important issue for patients and clinicians to decide the best treatment option. The aim of this study was to analyze data from four questionnaires, the Short-Form Health Survey (SF-36), the Hearing Handicap Inventory (HHI), the Tinnitus Handicap Inventory (THI) and the Dizziness Handicap Inventory Short-Form (DHI short-form), that assess QOL to compare the outcomes of MS, RT and observation for VS stages 1 and 2 according to the Koos classification [START_REF] Koos | Criteria for preservation of vestibulocochlear nerve function during microsurgical removal of acoustic neurinomas[END_REF]. We though to establish factors predictive of worse QOL in each group.
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Ethical considerations

The university hospital ethics committee approved the study.

Material and methods

Design:

This retrospective monocentric study included all patients from January 2004 to December 2015 presenting unilateral VS stage 1 or 2 according to the Koos classification in a tertiary care centre.

Criteria of selection:

168 patients with VS stage 1 (VS in the internal auditory meatus) or 2 (VS in the internal auditory meatus and cerebellar pontine angle without any touch the brainstem) of Koos classification were managed in our centre including 64 patients who underwent observation, 53 who received RT and 51 who underwent MS. Exclusion criteria were neurofibromatosis type 2, tumour stages 3 or 4 and age younger than 18 years. Patients were divided into three treatment groups: observation group, RT group with Gammaknife® or Cyberknife®, and MS group with translabyrinthine or middle fossa approach.

Data:

Size of tumour was measured by MRI in axial constructive interference in steady state (CISS) T2. Preand post therapeutic data were collected: hearing level graded by the Gardner-Robertson scale [START_REF] Gardner | Hearing Preservation in Unilateral Acoustic Neuroma Surgery[END_REF]; Hearing threshold deterioration between initial diagnosis and just before treatment for radiotherapy and microsurgery and between diagnosis and last news for the observation group; facial function using the House-Brackmann scale [START_REF] House | Facial nerve grading system[END_REF]; clinical symptoms such as tinnitus and vertigo, post-surgical or radiation complications and recurrent tumours. Hearing preservation was correlated to invasion of internal auditory meatus fundus; invasion of the cochlear fossa; intensity of cochlear fluid T2 as compare to contralateral one.
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Questionnaires:

QOL was assessed by using four questionnaires. All patients completed four questionnaires (SF-36, HHI, THI, DHI short-form). The SF-36 is a validated questionnaire used to assess the general QOL of patients following surgical or medical therapies. It consists of 36 items and assesses 8 different health conditions including physical functioning, role limitations due to physical or emotional problems, body pain, general health, vitality, social functioning, and mental health [START_REF] Ware | Overview of the SF-36 Health Survey and the International Quality of Life Assessment (IQOLA) Project[END_REF]. It also provides a physical component summary score and a mental component summary score. Scores range from 0 to 100, higher scores meaning better QOL. The HHI questionnaire assesses five social questions and five emotional questions and gives a total score, an emotional score and a social score ( 9). The answer "yes" gives 4 points, "sometimes" 2 points and "no" zero points. A overall score over eight points exhibits a lack in QOL related with hearing loss. The THI is a 25-item questionnaire that classifies tinnitus intensity in five categories: from mild to catastrophic [START_REF] Ghulyan-Bédikian | Psychometric properties of a French adaptation of the Tinnitus Handicap Inventory[END_REF]. The DHI short-form evaluates the functional, emotional and physical effects of dizziness and contains 13 questions: 5 on physical function, 2 on emotional function and 6 on functional issues [START_REF] Tesio | Short form of the Dizziness Handicap Inventory: construction and validation through Rasch analysis[END_REF].

Statistical analyses

Quantitative variables were described as mean +/-standard deviation. Comparisons of baseline demographics, clinical outcomes and HRQOL outcomes in the three groups were evaluated using the Kruskal-Wallis test for continuous and ordinal features, while the chi-square and Fisher exact tests were used to analyze categorical variables. The Student t-test or the non-parametric tests of Mann-Whitney Wilcoxon were used to compare the groups. To compare before and after treatment in each group regarding hearing level, vertigo and tinnitus, the Wilcoxon test was used for quantitative variables and the McNemar test for qualitative variables. Multivariable analyses were performed using ANCOVA. p values less than 0.05 were considered statistically significant.

Results

Fifty-three observation patients (82,8%), 46 radiated patients (86,8%) (including 7 with Cyberknife® radiation: three sessions of 6.5 Gy and 39 with Gammaknife® radiation: 12 Gy in one session) and 43 patients (84.3%) undergoing MS gave their consent to participate in the study and returned completed questionnaires.

Accepted Article

.

Patients with small no growing tumour were observed. Young patients with growing tumour stage 2 were operated by middle fossa approach if hearing was preserved or translabyrinthine approach if hearing was deteriorated. Older patients were treated by RT for growing tumour or MS if they were in good health and if tumour was near the brainstem. Surgical approaches were as follows: 15 patients though middle fossa approach and 28 patients though translabyrinthine approach. The choice of approach depended on the serviceable hearing. In the translabyrinthine approach group, 6 patients had a class A or B hearing class. 3 were aged from 69 to 73 years old and translabyrinthine approach was chosen to avoid a cerebellar or temporal lobe retraction. 3 patients had an invasion of the cochlear fossa with alteration of auditory evoked potential, they were considered with no chance of hearing preservation. No retrosigmoid technique was performed. Patients' characteristics and clinical data before treatment are described in Table 1 and after treatment in Table 2. Patients in the observation group were older than the remnant of the cohort and their tumours were smaller than those in the other groups (p<0.001). Groups were similar concerning number of patients, gender, initial hearing, initial facial function, vertigo and tinnitus. The average interval between management and filling in the questionnaires was 66 months. The follow-up period was significantly longer in the MS group (81 months) than in the RT group (57 months) (p = 0.006). Hearing level in the MS group was significantly lower than in the other groups. There was no significant difference in hearing level between the RT group and the middle fossa approach group (p=0.46). Facial palsy rate in the MS group was 13.9% (House-Brackmann grade 3 to 5), 20% and 10% for middle fossa and translabyrinthine approach respectively. There was no correlation between hearing threshold degradation, staging, size and tumour growth in observation and RT group. Staging of tumour was correlated to hearing loss in the MS group (p=0.0094). Hearing threshold degradation before treatment was higher in MS group (p<0.001).

In the observation group, 6 patients (11.3%) had growing tumour and 47 (88.7) had stable tumors. The mean growth was 1.27 ± 0.69 per year. There was no correlation between hearing loss and VS growth (p=0.1790).

Radiological features were studied as a function of hearing loss after treatment. No correlation was observed between hearing loss after treatment and Invasion of internal auditory meatus fundus (p= 0.4182 for RT group; p= 0.1282 for MS group), invasion of the cochlear fossa (p= 0.1996 for RT group; p= 0.0633 for MS group), intensity of cochlear fluid T2 signal as compare to contralateral one (p= 0.7133 for RT group; p= 0.4058 for MS group).

The table 3 compares results between middle fossa approach and translabyrinthine approach. Mean time of follow up, tumour size, stage of tumour, tinnitus and vertigo were the same between two groups. Hearing level and facial nerve function were higher in patients undergoing the middle fossa approach as compared to the translabyrinthine approach. Surgical complications were hematoma (1
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. case) that needed another surgical step, cerebrospinal fluid leakage resolved with cerebrospinal fluid diversion by lumbar drain (1 case), and wound infection (1 case) treated with local therapy. One patient presented a residual tumour treated secondarily by radiation.

In the RT group, 4 patients (8.7%) underwent a surgical resection. One patient was operated 1 year after RT for a tumour that grew from 12 to 22 mm. Two patients were operated 2 years after RT for a tumour growth of from 10 to 15 mm and from 9 to 16 mm. One patient was operated 3 years after RT for a tumour growth from 17 to 28 mm. Tumour growth rate was the same before and after treatment and all of these patients were treated by gammaknife. There was no difference of SF-36 scores between these four patients and the other patients of the RT group. There was no difference between tumour control (p=1.00) and hearing preservation (p= 0.17) between treatment by gammaknife and treatment by cyberknife. 4. There were no differences between the three groups for physical (p=0.67) or mental health measures (p=0.59). No difference for physical or mental health measures were found between middle fossa or translabyrinthine approach. Table 5 shows the physical and mental scores for all patients and for each group in relation to vertigo or tinnitus. Tinnitus impacted mental scores and vertigo impacted both physical and mental scores in all patients (p<0.05). Vertigo affected physical and mental scores of patients in both the observation and MS groups but affected only the mental score in the RT group. Tinnitus affected both the physical and mental scores in the MS group. Mean hearing threshold had no consequence on physical or mental scores in any group (Mann-Whitney Wilcoxon 0.06<p<0.90). Facial function did not affect physical or mental scores in any group (Mann-Whitney Wilcoxon physical score p=0.36, mental score p=0.65) There was no significant difference between the groups for total HHI, emotional HHI, social HHI or auditory disorders (Table 6). Furthermore, there was no significant difference between the groups for any THI scores (Table 7). There were no significant differences across management options between scores on the global DHI test and on the emotional, functional and physical DHI tests (Table 8). In the MS group, there were no significant differences in the results obtained from the four questionnaires between the two approaches (Mann-Whitney Wilcoxon 0.40 < p < 0.96). A multivariant analysis suggested that time to management had no impact on the results obtained on any of the questionnaires and in any of the patients in the study (ANCOVA 0.26 < p < 0.99).

SF-36 results are shown in Table
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Discussion

There were no significant differences in QOL using the SF-36 questionnaires between the three groups. While numerous studies have evaluated VS outcomes, the best management of patients with small VS is still controversial and issues relating to QOL are of paramount importance. To our knowledge, this is the first retrospective study to use a global QOL questionnaire and specific questionnaires to quantify impaired QOL due to hearing loss, dizziness and tinnitus in observation, RT and MS groups.

In a prospective study with these three groups, Di Maio et al [START_REF] Maio | Prospective comparison of quality of life before and after observation, radiation, or surgery for vestibular schwannomas[END_REF] did not find any difference in QOL. Robinett et al. (13) found that between 1 to 5 years post-management, the RT group had higher QOL scores than the MS group, while there was no difference after 5 years. Pollock et al. [START_REF] Pollock | Patient Outcomes after Vestibular Schwannoma Management: A Prospective Comparison of Microsurgical Resection and Stereotactic Radiosurgery[END_REF] showed that within three months after surgery, patients had a statistically significant decline in several of the SF-36 domains like physical functioning, role physical, energy and overall physical. After three months of follow-up, there was no difference between the RT and MS groups. The mean follow-up for our three groups was 66 months (61, 57 and 81 months for the observation, RT and MS groups, respectively) (Table 2), so this cannot explain why we did not find any difference. Our patients in the observation group had smaller tumours, as also reported by Di Maio and al [START_REF] Maio | Prospective comparison of quality of life before and after observation, radiation, or surgery for vestibular schwannomas[END_REF]. They were older than the remnant of the cohort and the MS group was younger than the other two groups, as in the studies by Carlson et al. (15) and Pollock et al [START_REF] Pollock | Patient Outcomes after Vestibular Schwannoma Management: A Prospective Comparison of Microsurgical Resection and Stereotactic Radiosurgery[END_REF].

Gauden et al. [START_REF] Gauden | Systematic review of quality of life in the management of vestibular schwannoma[END_REF] showed that the SF-36 was the most common questionnaire used to study QOL in SV. Different studies have compared the three groups and found different results. Carlson et al. [START_REF] Carlson | Long-term quality of life in patients with vestibular schwannoma: an international multicenter cross-sectional study comparing microsurgery, stereotactic radiosurgery, observation, and nontumor controls[END_REF] and Myrseth et al. (17) found no difference between the three groups. Kim et al. [START_REF] Kim | Quality of Life in Patients With Vestibular Schwannomas According to Management Strategy[END_REF] found that QOL was greater after MS than after RT. Three studies showed that MS patients had worse QOL than those in the other groups [START_REF] Ba Huy | Vestibular schwannoma (acoustic neurinoma). Natural history and quality of life][END_REF][START_REF] Pollock | Patient Outcomes after Vestibular Schwannoma Management: A Prospective Comparison of Microsurgical Resection and Stereotactic Radiosurgery[END_REF][START_REF] Sandooram | Quality of life following microsurgery, radiosurgery and conservative management for unilateral vestibular schwannoma[END_REF]. Soulier et al. [START_REF] Soulier | Quality of Life in 807 Patients with Vestibular Schwannoma: Comparing Treatment Modalities[END_REF] reported better QOL in patients with small tumours (<10mm) undergoing observation because there was no active treatment, so patients did not feel sick. Betchen et al. [START_REF] Betchen | Self-assessed quality of life after acoustic neuroma surgery[END_REF] showed that post-operative hearing, facial functioning and time since MS had no significant impact on QOL as assessed by the SF-36. Da Cruz et al. [START_REF] Cruz | Postoperative Quality of Life in Vestibular Schwannoma Patients Measured by the SF36 Health Questionnaire: Postoperative Quality of Life in Vestibular Schwannoma Patients Measured by the SF36 Health Questionnaire[END_REF] found no difference between MS approach, tumour size, sex and age Patients undergoing observation may have a greater psychological burden because of the knowledge that the tumour is still present and could potentially grow. Regular imaging may remind them their pathology and increase their anxiety of developing new symptoms. On the other hand, they may not feel that their disease is aggressive because their doctors did not recommend any active treatment.

Accepted Article

.

For patients who receive RT, treatment efficacy can be assessed only after several years by MRI and not after the first MRI check-up. Moreover, patients may be worried by the transient increase in size in their tumour due to oedema that can occur in the months following RT. Four patients needed surgery after radiotherapy and it was not associated to a decrease of QOL. Those undergoing MS may experience less anxiety after a complete resection with a feeling of being definitively cured, despite side-effects such as hearing loss and facial palsy.

In our study, hearing loss did not influence QOL in the three groups. Hearing deterioration between the diagnosis and management was equivalent in observation and RT group and was higher in MS group despite a similar follow up. A more aggressive tumour on the cochlear nerve in the MS group could explain this difference. Lloyd et al. [START_REF] Lloyd | Audiovestibular factors influencing quality of life in patients with conservatively managed sporadic vestibular schwannoma[END_REF] did not find any correlation between hearing level and quality of life with conservative management, whereas Brooker et al. [START_REF] Brooker | Factors associated with symptom-specific psychological and functional impact among acoustic neuroma patients[END_REF] showed that hearing loss was very likely to have a severe psychological impact on QOL. Hearing loss was not responsible for overall reduced hearing loss-related QOL because speech understanding and stereophony were already affected before management in many patients. A decrease in hearing level due to the treatment had only little effect on binaurality and QOL.

Kim et al [START_REF] Kim | Clinical significance of an increased cochlear 3D fluid-attenuated inversion recovery signal intensity on an MR imaging examination in patients with acoustic neuroma[END_REF] found that the increased cochlear signal of intracanalicular VS on 3D FLAIR images was correlated with the degree of hearing impairment, and that the degree of correlation was stronger with tumours confined to the internal auditory meatus compared with the result of all patients, though there was no correlation with tumours extending to the cerebellopontine cistern. As Lee et al. [START_REF] Lee | Signal intensity change of the labyrinth in patients with surgically confirmed or radiologically diagnosed vestibular schwannoma on isotropic 3D fluid-attenuated inversion recovery MR imaging at 3T[END_REF], we found no correlation between the audiometric results and the degree of the signal increase of the cochlea or invasion of the cochlear fossa or invasion of the internal auditory meatus fundus.

There was no difference in SF-36 results in patients with or without facial palsy. Facial palsy obviously affects QOL so this finding was probably due to a lack of pertinence of the questionnaires regarding this symptom. Kelleher et al. (28) found the same conclusion with the SF-36.

In our study, tinnitus was a prognostic factor of impaired QOL only in the MS group, whereas Lloyd et al. [START_REF] Lloyd | Audiovestibular factors influencing quality of life in patients with conservatively managed sporadic vestibular schwannoma[END_REF] and Kim JH et al. (18) found it to be a significant symptom in the observation group. Vertigo was a predictive symptom of reduced QOL in the three groups, as already reported elsewhere. Four studies [START_REF] Lloyd | Audiovestibular factors influencing quality of life in patients with conservatively managed sporadic vestibular schwannoma[END_REF][START_REF] Brooker | Factors associated with symptom-specific psychological and functional impact among acoustic neuroma patients[END_REF][START_REF] Kelleher | Health-related quality of life in patients with skull base tumours[END_REF][START_REF] Breivik | Conservative management of vestibular schwannoma--a prospective cohort study: treatment, symptoms, and quality of life[END_REF] showed that dizziness was the most significant audio-vestibular predictor of QOL when management was conservative (observation or RT) Patients who were observed or who had RT had residual ipsilateral symptoms owing to unilateral vestibular hypofunction and most subjects in the MS group reported central compensation with a significant improvement in symptoms after a period of several weeks or months. Vestibular rehabilitation could improve balance disorder by allowing central compensation.
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Since the study was retrospective, the delay between management and evaluation was different between patients with a longer delay in the MS group and those in the RT group. However, multivariate analysis did not find that the difference in delay influenced the responses on the questionnaires. Differences in delay between the groups may be explained by the therapeutic attitude in our centre, which was more surgical in the early 2000s and has since become more conservative.

Small tumours are operated via a translabyrinthine approach when the preoperative hearing level is not sufficient for understanding speech and via the middle fossa approach to preserve hearing.

In our study, 7 patients were treated by Cyber knife in three sessions of 6.5 Gy versus 39 by Gamma knife in a single session of 12Gy and there was no difference between tumour control and hearing between these two treatments. A study of Combs et al. [START_REF] Combs | Long-term outcome after highly advanced single-dose or fractionated radiotherapy in patients with vestibular schwannomaspooled results from 3 large German centers[END_REF] found that local control of VS was 97% at 36 months, 95% at 60 months, and 94% at 120 months with no difference between fractionated dose or single dose of RT (p = 0.39). After RT, hearing preservation was observed in 85% of the patients.

Loss of hearing was the same in both groups.

In our study, patients in the control group were older than the other groups. Tumour growth was less important in a subject who has a limited life expectancy. There is no treatment indication for VS stage 1 and no acceptable treatment for VS stage 2 in the elderly [START_REF] Glasscock | Management of acoustic neuroma in the elderly population[END_REF]. Tumour growth and Koos stage in the observation group were smaller than the other groups. Even though there is no risk of brainstem compression in a short-term time frame, this is an argument which prescribes for observation in the VS stage 1 group. The risk of facial nerve palsy was 13,9% in the MS group, 20% and 10% for middle fossa and translabyrinthine approach respectively. This is, again, another argument for a nonintervention in small tumours, even if there is no difference between the QOL questionnaires among the MS and the other groups.

Hearing deterioration was limited in the control group, more advanced in the RT group and higher in the MS group. These data suggest that patients with functional hearing have to be observed.

Treatment should be proposed if the tumour growths and becomes dangerous for the brainstem. In general, comparable quality of life following the three treatment options does not mean that all three options are justified. The facial nerve weakness and the loss of hearing are factors that need to be seriously considered. The choice of the management depends also of the life experience, the general status and the personal choice of the patient.

Conclusion:

This study shows that patients with small VS report similar QOL whatever the management strategy used, as in many previous studies. These three treatments are acceptable for small VS but the high score of facial nerve palsy in the MS group suggest that surgery must be done if no other management is possible. No deterioration in QOL scores in patients with facial palsy was probably
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. due to a lack of pertinence of the questionnaires regarding this symptom. MS is not recommended neither for the VS stage 1 nor for elderly patients who are not in a good state of health. Hearing preservation is possible in the observation group and in the RT group, even if hearing preservation was less good in RT group. Patients with functional hearing must be closely observed. Given the success rates of RT and watchful-waiting, MS for small VS should be not recommended.

Vertigo is the principal cause of QOL deterioration in the management of VS.