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Received: 25 September 2017 : We designed a prospective study to evaluate changes in tinnitus after vestibular schwannoma (VS)
Accepted: 3 January 2019 . surgery. Subjects included 41 patients who were diagnosed with a VS and underwent translabyrinthine
Published online: 11 February 2019 : microsurgery (TLM) between January 2015 and May 2016. All patients underwent related examinations
: and were asked to answer the Tinnitus Handicap Inventory (THI) scale and a visual analog scale (VAS)
of tinnitus severity both pre- and postoperatively. Of the 41 patients, 31 (75.6%) suffered from tinnitus
before surgery. Microsurgery was associated with an overall decrease in tinnitus (p < 0.001). There was
. asignificant improvement in THI and VAS scores after surgery (p=0.001 and p = 0.005, respectively).
. The decrease in THI scores in the low-frequency group was significantly larger than that of the mid- and
: high-frequency groups after surgery (p =0.034 and p=0.001, respectively). The loudness of tinnitus
decreased significantly after surgery (p=0.031). Tinnitus in patients with VS improved after TLM.
Patients with mid-/high-frequency tinnitus and louder tinnitus preoperatively seemed to have a worse
prognosis than those with low-frequency and quieter tinnitus.

. Tinnitus is the perception of sound in the absence of an external sound and usually results from a disorder of the
. somatosensory system or the auditory system’. It is a frequent symptom of vestibular schwannoma (VS), occur-
: ring in more than half of all patients®*. In the past, most surgeons aimed to completely remove the tumor while
. preserving facial nerve function and hearing; however, recently, more attention has been paid to the patient’s
* quality of life?. Because tinnitus can reduce the quality of life in these patients*®, further evaluation of tinnitus in
. patients with VS should be considered.
Recently, several retrospective studies have been published focusing on changes in tinnitus after microsurgery;
. however, the results of these papers have varied. Most of these papers showed that tinnitus improved after surgery
. regardless of whether translabyrinthine microsurgery (TLM), a retrosigmoid approach, or a middle cranial fossa

approach was used®*’. These findings indicate that tinnitus originates in peripheral organs such as the cochlea or
. cochlear nerve®®. However, some patients still suffer from tinnitus even after tumor removal and vestibulococh-
* lear nerve section, which supports the theory that tinnitus is likely a symptom of central origin'®~'“. The objective
. of this study was to evaluate changes in tinnitus after VS microsurgery.

The Tinnitus Handicap Inventory (THI) is a reliable and valid measure of tinnitus-related handicap and is a

questionnaire that is internationally acknowledged'>'¢ (see Supplementary Table). Patients without tinnitus have
* ahandicap score of 0 on the THI, and higher THI scores correspond to worse tinnitus'”!. As in pain research',
. visual analog scale (VAS) scales are increasingly being used to assess treatment-induced changes to the extent of
. annoyance caused by tinnitus?. With a VAS scale, patients self-grade the severity of tinnitus with possible scores
: ranging from 0 to 10 points; a score of 0 indicates no symptoms and a score of 10 indicates extremely loud tinnitus
- that seriously affects a patient’s daily life'.

Patients and Methods

Ethical considerations. The study protocol was approved by the Institutional Review Board of the Affiliated
Sixth People’s Hospital of Shanghai Jiao Tong University, and all methods were performed in accordance with the
relevant guidelines and regulations. Informed consent for study participation was obtained from all participants.

Participants, Setting, and Study Design. In total, 41 patients diagnosed with unilateral VS were
enrolled in this prospective study between January 2015 and May 2016 in the Department of ENT Head and Neck
Surgery at the Sixth People’s Hospital affiliated with Shanghai Jiao Tong University. These patients were treated
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with TLM because their preoperative hearing was already unserviceable, or the size of tumor was too large for
hearing to be preserved. Patients who did not undergo surgery but were kept for observation and patients who
underwent retrosigmoid or middle fossa approaches were excluded for this study. Microsurgery was performed
by the same senior surgeon, and all patients underwent complete excision.

All patients underwent pure-tone audiometry, acoustic immittance measurements, otoacoustic emissions
measurements, tinnitogram, temporal bone computed tomography (CT), and internal auditory canal enhanced
magnetic resonance imaging (MRI). Factors including preoperative pure-tone audiometry, postoperative facial
function (House-Brackmann)?!, tumor size, symptom duration, and the frequency and loudness of pre- and
postoperative tinnitus were analyzed.

Pure-tone averages (PTAs) were obtained by calculating the average thresholds at 500, 1000, and 2000 Hz?2.

All internal auditory canal enhanced MRI examinations were performed on an Achieva 3.0 T MRI system
(Philips Healthcare, Amsterdam, The Netherlands). In general, the cerebellopontine angle (CPA) along the long
axis of the tumor was used as the maximum diameter, which was considered as the tumor size?. All measure-
ments were assessed by a senior radiologist and were checked by a senior otolaryngologist. For the tumor size
criteria, we referred to the 2012 Acoustic Neuroma Association membership survey and divided the tumors into
three groups by size: <1.5cm, 1.6-2.5cm and >2.6 cm*.

Tinnitus frequency matching and tinnitus loudness matching were measured on tinnitograms®. The acous-
tic signal was selected based on the tinnitus reported by the patient, and the types of acoustic signals were a
pure-tone, narrow-band noise, pulse, warble tone and white noise. Then, the appropriate type was chosen accord-
ing to the patient’s description. The matching process usually adopted the tonal debugging technique® to adjust
the initial test sound to the volume of the tinnitus. According to the pure-tone audiometry and experience of the
technician, the participants were presented with a starting stimulus and asked if their tinnitus pitch was higher
or lower. After the participants provided their answers, the frequency of the stimulus was adjusted. If the patient
answered high, the frequency was increased by 50%; if the patient answered low, the frequency was reduced by
50%. If the tinnitus pitch was equal to the test sound, the test was stopped, and the last frequency was recorded.
The test was repeated three times, and the average was calculated. The single ear loudness balance test was usually
used to match loudness. Using the selected frequency of tinnitus, we matched the loudness to the individual’s
tinnitus loudness in 1 dB steps by asking the participant whether the tinnitus was softer or louder?. For patients
with hearing loss, we used the healthy ear to match. In the matching test, tinnitus was classified by frequency:
<250 Hz, low-frequency; 500-2000 Hz, mid-frequency; and >4000 Hz, high-frequency?.

The severity of tinnitus was evaluated using the THI and VAS scales. All enrolled patients were assessed via
the THI and VAS scales pre- and postoperatively. The analysis of the THI scores used the total score rather than
the subscales'’.

Data are presented as the mean =+ standard deviation or the median (interquartile range).

A postoperative follow-up was performed approximately one year after surgery; this included an interview
regarding the patient’s postoperative state and changes in tinnitus and an internal auditory canal enhanced MRL
The follow-up rate was 100%.

Statistical Methods. Data were analyzed using SPSS (version 20.0; IBM Corp., Armonk, NY). Data from
survey responses were analyzed using Student’s ¢-test, Spearman’s correlation analysis, Chi-square test, Fisher’s
exact test and analysis of variance (ANOVA). For all analyses, p < 0.05 was considered to indicate statistical
significance.

Results

There were 41 patients included in our study, and no patients had lesions in both ears (refer to Table 1 for patient
characteristics). Most patients (31/41) had tinnitus before the surgery. Of these 31 patients, 14 (45.2%) reported
that their tinnitus disappeared after the surgery, 10 (32.2%) reported improvement, 2 (6.5%) reported no change,
and 5 (16.1%) reported worsening of tinnitus after the surgery (Fig. 1). None of the 10 patients without preopera-
tive tinnitus had new-onset tinnitus after the surgery. Although 31 (75.6%) patients suffered from tinnitus before
the operation, only 17 (41.5%) patients still had tinnitus postoperatively (including 10 patients with improved
tinnitus), indicating an improvement in tinnitus incidence after microsurgery (p < 0.001).

THI and VAS scores.  The overall average THI score was 40.7 +21.2 (mean + standard deviation), with a
range of 6-82 in the preoperative tinnitus group. The average THI score was 14 (26) (median/interquartile range),
with a range of 0-92, postoperatively. This indicates a general improvement between the pre- and postoperative
THI scores (p=10.001, ATHI = —18.4 4+-29.0) (Table 2) (Fig. 2). The preoperative average VAS score was 5 (2)
(range, 1-7), and the postoperative average VAS score was 2 (6) (range, 0-8). A significant improvement in the
VAS score was observed after surgery (p=0.005, AVAS = —1.8 4 3.3) (Table 2) (Fig. 2). A moderate but signif-
icant correlation existed between the preoperative THI and preoperative VAS scores (r =0.449, p=0.011). We
also found a strong correlation between the postoperative THI score and postoperative VAS score (r=10.947,
p<0.001) (Fig. 3).

In assessing the THI 20- point threshold as a significant change, we found that of these 31 patients with pre-
operative tinnitus, symptoms improved in 18 (58.1%), unchanged in 8 (25.8%), and worsened in 5 (16.1%) after
surgery; all of these results were clinically significant (p < 0.001).

Tinnitus frequency. Preoperative tinnitus was classified as low-frequency in 6 patients (19.4%),
mid-frequency in 13 (41.9%), and high-frequency in 12 (38.7%). We found no significant correlation between
the frequency of the preoperative tinnitus and preoperative THI (r=0.051, p =0.785) (Fig. 3). Interestingly, we
found a moderate correlation between the frequency of the preoperative tinnitus and preoperative VAS score
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Figure 1. Change in tinnitus after vestibular schwannoma surgery.

Age (yrs) 514+129

Gender

Male 15 (36.6%)

Female 26 (63.4%)
Operation side

Left 14 (34.1%)

Right 27 (65.9%)
Symptom duration (months) 12.0 (65.0)
Tumor size (cm) 1.7 (1.3)
Nature of tumor

Cystic type 13 (31.7%)

Solid type 28 (68.3%)
Tumor size

<1.5cm 13 (31.7%)

1.6-2.5cm 15 (36.6%)

>2.6cm 13 (31.7%)
Preoperative pure-tone average (dB) 73.5(36)
Preoperative tinnitus loudness (dBHL) 55 (44)
Postoperative tinnitus loudness (ABHL) 20 (74)

Table 1. Characteristics of study participants.

THI score 40.7+21.2 14 (26) —18.4+29.0 0.001%*
Low-frequency 47.3+£23.1 0 —47.3+£23.1 0.034%
Mid-frequency 32.7+16.7 14 (22) —20.2+225 0.001%*
High-frequency 46.0£23.6 44.0+34.2 —2.0£22.5 0.077

VAS score 5(2) 2(6) —1.8+3.3 0.005%*
Low-frequency 33£19 0 —-33+£19 0.341
Mid-frequency 41+1.8 2(5) —1.84+4.1 0.165
High-frequency 5(3) 45425 —1.0+2.7 0.562

Tinnitus loudness 55 (44) 20 (74) —16.0+39.4 0.031%*

Table 2. Main results. *p < 0.05, **p < 0.01.
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Figure 2. Preoperative and postoperative THI scores (A), VAS scores (B), and tinnitus loudness (C). *p < 0.05,
o
p<0.01.

(r=0.440, p=0.013) (Fig. 3). All 6 (100%) patients with low-frequency tinnitus preoperatively had postoper-
ative THI scores of 0. Of the 13 patients with mid-frequency tinnitus preoperatively, 10 (76.9%) patients had
postoperative THI scores that decreased by an average of 28.4 points. The THI score did not change in 2 (15.4%)
patients and increased by 22 points in 1 (7.7%) patient. Of the 12 patients with high-frequency tinnitus preop-
eratively, 8 (66.7%) had postoperative THI scores that decreased by an average of 19.5 points, and 4 (33.3%)
had scores that increased by an average of 33 points. The decrease in THI score of the low-frequency group
was significantly greater than that of both the mid- and high-frequency groups after surgery (ATHI score of
low-frequency group = —47.3 23.1 vs. ATHI score of mid-frequency group = —20.2 £22.5, p=0.034; ATHI
score of low-frequency group = —47.3 +23.1 vs. ATHI score of high-frequency group = —2.0 £22.5, p =0.001)
(Table 2) (Fig. 4). All 6 (100%) patients with preoperative low-frequency tinnitus had postoperative VAS scores
of 0. Of the 13 patients with mid-frequency tinnitus preoperatively, 8 (61.5%) patients had postoperative VAS
scores that decreased by an average of 4 points, and 5 (38.5%) had scores that increased by an average of 2 points.
Of the 12 patients with high-frequency tinnitus preoperatively, 6 (50.0%) had postoperative VAS scores that
decreased by an average of 4 points. The VAS scores did not change in 4 (33.3%) patients and increased by 3
points in 2 (16.7%) patients. However, the decrease in the VAS score after surgery did not differ among the three
groups (AVAS score of low-frequency group = —3.3 + 1.9 vs. AVAS score of mid-frequency group=—1.8+4.1
vs. AVAS score of high-frequency group = —1.042.7; p=0.374) (Table 2) (Fig. 4). The preoperative frequency
was weakly correlated with the postoperative THI and postoperative VAS scores (r=0.633, p < 0.001; r=0.585,
p=0.001, respectively) (Fig. 3).

Tinnitus loudness. The loudness of tinnitus after surgery decreased in 19 patients, increased in 10 patients,
and remained unchanged in 2 patients. Among the 31 patients with preoperative tinnitus, the average loudness
was 55 (44) dBHL, ranging from 20 to 80 dBHL. The postoperative tinnitus loudness ranged from 0 to 100 dBHL,
with an average of 20 (74) dBHL. Thus, the loudness of tinnitus decreased significantly after surgery compared
with the preoperative value (Aloudness = —16.0 +39.4; p=10.031) (Table 2) (Fig. 2). We found no significant
correlation between the loudness of preoperative tinnitus and the preoperative THI score (r =0.105, p=0.575)
(Fig. 5). Interestingly, we found a weak correlation between the loudness of preoperative tinnitus and preoperative
VAS score (r=0.389, p=0.031) (Fig. 5). Greater preoperative loudness was weakly correlated with a higher THI
score postoperatively (r=0.366, p =0.043) (Fig. 5). However, no significant correlation was observed between
preoperative loudness and the postoperative VAS score (r =0.313, p=0.086) (Fig. 5).

Tumor size. In the preoperative tinnitus group, the VS tumor size ranged from 1.1 to 4.5 cm initially, with a
mean tumor size of 1.7 (1.3) cm. The patients were divided into three groups according to tumor size: <1.5cm
(n=11,35.5%); 1.6-2.5cm (n=11, 35.5%); and >2.6cm (n=9, 29.0%). Tumor size was correlated with the preop-
erative THI score and preoperative VAS score (r=—0.419, p=0.019; r=—0.516, p =0.003, respectively) (Fig. 6).
However, tumor size was not correlated with the postoperative THI score or postoperative VAS score (r=—0.276,
Pp=0.133;r=—0.195, p=0.294, respectively) (Fig. 6). Changes in the THI and VAS scores before and after surgery
did not differ among the three groups (p =0.718 and p=0.165, respectively) (Fig. 6). In the group without preoper-
ative tinnitus, the mean tumor size was 2.4 £ 1.2 cm, with a minimum of 0.7 cm and a maximum of 5.0 cm.

Age. In 31 patients with preoperative tinnitus, the mean age of patients was 52.1 4 13.5 years (range, 27-73
years). Age was not correlated with preoperative THI score or preoperative VAS score (r=0.123, p=0.511;
r=0.225, p=0.223, respectively) (Fig. 7). Age was also not correlated with postoperative THI score or postop-
erative VAS score (r =—0.050, p=0.790; r = —0.088, p = 0.638, respectively) (Fig. 7). The mean age of patients
with tinnitus that disappeared or improved was 52.2 4= 12.6 years; the mean age of those with tinnitus that did not
disappear or improve was 51.7 = 18.4 years (p =0.939) (Fig. 7). In 10 patients without preoperative tinnitus, the
mean age was 49.8 £ 12.4 years (range, 27-73 years).
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Figure 3. (A) Correlation between preoperative THI score and preoperative VAS score (r =0.449, p=0.011).
(B) Correlation between postoperative THI score and postoperative VAS score (r =0.947, p < 0.001).

(C) Correlation between preoperative tinnitus frequency and preoperative THI score (r =0.051, p=10.785).
(D) Correlation between preoperative frequency and preoperative VAS score (r =0.440, p=0.013).

(E) Correlation between preoperative frequency and postoperative THI score (r =0.633, p < 0.001).

(F) Correlation between preoperative frequency and postoperative VAS score (r =0.585, p=10.001).

Preoperative pure-tone audiometry. In 31 patients with preoperative tinnitus, the preoperative
pure-tone average was 68.6 +=25.4 dB. A weak correlation was observed between the preoperative pure-tone aver-
age and the preoperative THI score (r =0.380, p=0.035) (Fig. 8). No significant correlation was found between
the preoperative pure-tone average and the preoperative VAS score (r=0.316, p=0.083) (Fig. 8). In addition, no
significant correlation was observed between the preoperative pure-tone average and the postoperative THI score
or postoperative VAS score (r=0.037, p=0.843; r=—0.157, p=0.400, respectively) (Fig. 8). In the group without
preoperative tinnitus, the preoperative pure-tone average was 98.0 (27.0) dB.

Postoperative facial nerve function (House-Brackmann scale). In the group with preoperative tinni-
tus, the House-Brackmann grade of postoperative facial nerve function was grade IT in 26 (83.9%) cases and grade
IIin 5 (16.1%) cases; no correlation was observed between facial nerve function and the postoperative THI score
or postoperative VAS score (r—0.217, p=0.242; r = —0.201, p =0.277, respectively) (Fig. 8). In the group without
preoperative tinnitus, the postoperative House-Brackmann grade was IT in 7 (70%) cases, IIL in 1 (10%) case, and
VIin 2 (20%) cases; the postoperative THI score was 0 in every patient of this group.
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Figure 4. (A) The decrease in THI score after surgery in the low-frequency group was significantly greater than
that of the mid-/high-frequency groups (ATHI score of low-frequency group = —47.3 23.1 vs. ATHI score of
the mid-frequency group = —20.2 4 22.5, p=0.034; ATHI score of the low-frequency group=—47.3+23.1vs.
ATHI score of the high-frequency group = —2.04+22.5, p=0.001). (B) The decrease in the VAS score after the
surgery did not differ among the three groups (AVAS score of low-frequency group = —3.3 £ 1.9 vs. AVAS score
of the mid-frequency group = —1.8 £ 4.1 vs. AVAS score of the high-frequency group=—1.0+2.7; p=0.374).
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Figure 5. (A) Correlation between preoperative tinnitus loudness and preoperative THI score (r=0.105, p=0.575).
(B) Correlation between preoperative tinnitus loudness and preoperative VAS score (r=0.389, p=0.031).

(C) Correlation between preoperative tinnitus loudness and postoperative THI score (r=0.366, p=0.043).

(D) Correlation between preoperative tinnitus loudness and postoperative VAS score (r=0.313, p=0.086).

Symptom duration. In the preoperative tinnitus group, the average symptom duration was 12 (59) months.
The average symptom duration was 6 (60) months for patients with low-frequency tinnitus, 4 (119) months
for patients with mid-frequency, and 12 (161) months for patients with high-frequency tinnitus. No significant
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Figure 6. (A) Correlation between tumor size and preoperative THI score (r = —0.419, p=0.019).

(B) Correlation between tumor size and preoperative VAS score (r =—0.516, p=0.003). (C) Correlation between
tumor size and postoperative THI score (r = —0.276, p=0.133). (D) Correlation between tumor size and
postoperative VAS score (r =—0.195, p=0.294). (E) The decrease in THI score did not differ among the three
size groups (p =0.718). (F) The decrease in VAS score did not differ among the three size groups (p =0.165).

differences in symptom duration were observed between the low-/mid-frequency and high-frequency groups
(p=0.372) (Fig. 9). No significant correlation was observed between symptom duration and preoperative THI
score or preoperative VAS score(r =0.236, p=0.201; r=0.352, p =0.052, respectively) (Fig. 9). Additionally, no
significant correlation was observed between symptom duration and postoperative THI score or postoperative
VAS score (r=0.291, p=0.112; r=0.158, p =0.396, respectively) (Fig. 9). In the group without preoperative tin-
nitus, the average symptom duration was 18 (79) months.

Discussion

In this study, tinnitus disappeared (45.2%) or improved (32.2%) for most patients after surgery, indicating a
significant overall decrease in tinnitus via microsurgery. Patients with low-frequency and quieter tinnitus preop-
eratively seemed to have a better postoperative prognosis than those with mid-/high-frequency or louder tinnitus
before the surgery.

Previous studies have demonstrated mixed surgical results regarding its effect on tinnitus. Baguley et al.'”
reported that tinnitus was neither exacerbated nor relieved after TLM, while many others found that microsur-
gery improved tinnitus®>”2$-%, consistent with our observations. The underlying mechanisms are still unclear;
however, several hypotheses have been proposed. First, the TLM surgical approach sacrifices inner ear and coch-
lear nerve function®, disrupting the central auditory conduction path. Second, cochlear or auditory nerve lesions
can cause increases in the discharge rates of inner hair cells and nerve fibers, and the central auditory system
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Figure 7. (A) Correlation between age and preoperative THI score (r=0.123, p=0.511). (B) Correlation
between age and preoperative VAS score (r =0.225; p=0.223). (C) Correlation between age and postoperative
THI score (r =—0.050, p=10.790). (D) Correlation between age and postoperative VAS score (r = —0.088,
p=0.638). (E) The mean age of patients with disappeared and improved tinnitus versus that of patients with
unchanged or worsened tinnitus (p = 0.939).

cannot distinguish between pathological and normal physiological excitation and produces errors in hearing,
resulting in tinnitus®!!. From this point of view, surgery may relieve the mechanical stimulation of the auditory
nerve by the tumor, thus preventing the abnormal impulses and, consequently, eliminating tinnitus.

Currently, no consensus exists on whether tinnitus relief is related to cochlear nerve dissection. Kameda et al.?
reported that tinnitus disappeared or improved in most cases after the retrosigmoid approach and showed no dif-
ference in tinnitus incidence whether the vestibulocochlear nerve was resected or not. Park ef al.? suggested that
cochlear nerve section may be beneficial for the improvement of postoperative tinnitus by comparing changes
in tinnitus after TLM and gamma knife radiosurgery. In this study, the chosen surgery was the translabyrinthine
approach because hearing preservation was not intended. During surgery, the cochlea nerve section was definite
in all cases® as suggested by Park et al.2, which may be the reason for the high rates of improvement in tinni-
tus. Although sectioning of the cochlear nerve creates a condition unsuitable for cochlear implantation®?, either
simultaneously or prospectively, a BAHA implant is a hearing solution for these patients®.
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Figure 8. (A) Correlation between the preoperative pure-tone average and preoperative THI score (r = 0.380,
p=0.035). (B) Correlation between the preoperative pure-tone average and preoperative VAS score (r=0.316,
p=0.083). (C) Correlation between the preoperative pure-tone average and postoperative THI score (r =0.037,
p=0.843). (D) Correlation between the preoperative pure-tone average and postoperative VAS score
(r=-0.157, p=0.400). (E) Correlation between facial nerve function and postoperative THI score (r=—0.217,
p=0.242). (F) Correlation between facial nerve function and postoperative VAS score (r = —0.201, p=0.277).

We found that the postoperative prognosis was better in patients with low-frequency tinnitus than in those
with mid-/high-frequency tinnitus. However, the specific reasons and mechanisms for this finding remain
unclear. Interestingly, a previous study found that among patients with sudden deafness accompanied by tinnitus,
the rate of recovery was better for those with low-frequency tinnitus than those with high-frequency tinnitus®.
The author suggested that high-frequency tinnitus may be related to a longer duration and more severe injury and
is therefore associated with greater difficulty in recovery. However, we found no significant relationship between

the duration of tinnitus and the different frequencies.

The preoperative tinnitus loudness was significantly correlated with the postoperative tinnitus loudness in
our cohort, i.e., greater loudness was correlated with greater difficulty in recovery. In theory, louder tinnitus has a
greater impact on patients and therefore results in higher scores on the THI and VAS'®%.

Based on the report by Newman et al.**, a 20- point or larger change is considered clinically significant at the
5% confidence level'®'”. In this study, we found statistically significant changes in the THI score, considering any
change in the THI to represent a change in tinnitus. Moreover, when we reassessed our results only considering a
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Figure9. (A) The average symptom duration did not differ among the three frequency groups (p =0.165).

(B) Correlation between symptom duration and preoperative THI score (r=0.236, p=0.201). (C) Correlation
between symptom duration and preoperative VAS score (r=0.352, p=0.052). (D) Correlation between
symptom duration and postoperative THI score (r =0.291, p=0.112). (E) Correlation between symptom
duration and postoperative VAS score (r =0.158, p =0.396).

20- point or larger change in the THI score, these changes were also statistically significant. Therefore, VS removal
caused clinically relevant changes in our cohort.

Whether the severity of tinnitus is associated with tumor size, age, preoperative pure-tone audiometry or post-
operative facial nerve function remains controversial>*-"1¢>13637_In this study, we found no correlation between
them. Kohno et al.*! found that tinnitus appeared in one-fifth of the patients without preoperative tinnitus. We
evaluated patients without preoperative tinnitus and found no new-onset tinnitus postoperatively.

Some published findings are either retrospective studies or demonstrate that tinnitus improved after micro-
surgery regardless of which approach was used>>”!'”. However, our study was a prospective study and focused
exclusively on the translabyrinthine route. Baguley et al.'” and Alvarez et al.’® also focused on the translabyrin-
thine approach. They demonstrated a change in tinnitus only by the THI scale, whereas our study is the first clin-
ical study to reveal correlations between the preoperative THI score, VAS score, loudness and changes in tinnitus
postoperatively. These tests are not interchangeable. In addition, because this study had a relatively limited sample
size of 41 patients, it remains possible that unperceived differences existed between the groups®.
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Conclusion

Tinnitus in patients with VS decreased after TLM surgery, as measured and cross-validated by three separate
measures: THI, VAS, and tinnitus loudness matching. Patients with low-frequency and quieter tinnitus preoper-
atively seemed to have a better postoperative prognosis than those with mid-/high-frequency or louder tinnitus
before the surgery.

References

1.
2.

3.

11.
12.
13.
14.
15.
16.
17.
18.
19.

20.

21

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

Levine, R. A. & Oron, Y. Tinnitus. Handb Clin Neurol 129, 409 (2015).

Park, S. H. et al. Change in Tinnitus after Treatment of Vestibular Schwannoma: Microsurgery vs. Gamma Knife Radiosurgery.
Yonsei Med ] 55,19 (2014).

Kameda, K., Shono, T., Hashiguchi, K., Yoshida, F. & Sasaki, T. Effect of tumor removal on tinnitus in patients with vestibular
schwannoma. ] Neurosurg 112, 152 (2010).

. Grauvogel, J., Kaminsky, J. & Rosahl, S. K. The impact of tinnitus and vertigo on patient-perceived quality of life after

cerebellopontine angle surgery. Neurosurgery 67(601), 609 (2010).

. Jufas, N, Flanagan, S., Biggs, N., Chang, P. & Fagan, P. Quality of Life in Vestibular Schwannoma Patients Managed by Surgical or

Conservative Approaches. Otol Neurotol 36, 1245 (2015).

. Del, R. L. et al. Tinnitus and quality of life following vestibular schwannoma surgery. B-ENT 8, 167 (2012).
. Van Gompel, J. J. et al. Acoustic neuroma observation associated with an increase in symptomatic tinnitus: results of the 2007-2008

Acoustic Neuroma Association survey. ] Neurosurg 119, 864 (2013).

. Jastreboff, P. J. Phantom auditory perception (tinnitus): mechanisms of generation and perception. Neurosci Res 8, 221 (1990).
. Moller, A. R. Similarities between severe tinnitus and chronic pain. ] Am Acad Audiol 11, 115 (2000).
. Rajan, R,, Irvine, D. R., Wise, L. Z. & Heil, P. Effect of unilateral partial cochlear lesions in adult cats on the representation of lesioned

and unlesioned cochleas in primary auditory cortex. The Journal of comparative neurology 338, 17 (1993).

Lockwood, A. H. et al. The functional neuroanatomy of tinnitus: evidence for limbic system links and neural plasticity. Neurology
50, 114 (1998).

Moller, A. R. Pathophysiology of tinnitus. Ann Otol Rhinol Laryngol 93, 39 (1984).

Pulec, J. L., Hodell, S. F. & Anthony, P. E. Tinnitus: diagnosis and treatment. Ann Otol Rhinol Laryngol 87, 821 (1978).

Shea, J. J., Emmett, J. R., Orchik, D. J., Mays, K. & Webb, W. Medical treatment of tinnitus. Ann Otol Rhinol Laryngol 90, 601 (1981).
Kleinstauber, M., Frank, I. & Weise, C. A confirmatory factor analytic validation of the Tinnitus Handicap Inventory. J Psychosom
Res 78,277 (2015).

Alvarez, L., Ugarte, A., Goiburu, M., Urreta Barallobre, I. & Altuna, X. Change in Tinnitus After Acoustic Neuroma Removal Using
a Translabyrinthine Approach. A Prospective Study. Acta Otorrinolaringologica (English Edition) 67, 315 (2016).

Baguley, D. M., Humphriss, R. L., Axon, P. R. & Moffat, D. A. Change in tinnitus handicap after translabyrinthine vestibular
schwannoma excision. Otol Neurotol 26, 1061 (2005).

Newman, C. W, Jacobson, G. P. & Spitzer, ]. B. Development of the Tinnitus Handicap Inventory. Arch Otolaryngol Head Neck Surg
122, 143 (1996).

Figueiredo, R. R., Azevedo, A. A. & Oliveira, P. M. Correlation analysis of the visual-analogue scale and the Tinnitus Handicap
Inventory in tinnitus patients. Braz ] Otorhinolaryngol 75, 76 (2009).

Wang, H., Li, B., Wu, H., Shi, H. & Yin, S. Combination of gaps in noise detection and visual analog scale for measuring tinnitus
components in patients treated with repetitive transcranial magnetic stimulation. Auris Nasus Larynx 43, 254 (2016).

. House, J. W. & Brackmann, D. E. Facial nerve grading system. Otolaryngol Head Neck Surg 93, 146 (1985).
22.

Maeda, Y. et al. Relationship between pure-tone audiogram findings and speech perception among older Japanese persons. Acta
Otolaryngol 1 (2017).

Wu, H. et al. Summary and consensus in 7th International Conference on acoustic neuroma: An update for the management of
sporadic acoustic neuromas. World ] Otorhinolaryngol Head Neck Surg 2, 234 (2016).

Overdevest, J. B., Pross, S. E. & Cheung, S. W. Tinnitus following treatment for sporadic Acoustic neuroma. Laryngoscope 126, 1639
(2016).

Kim, B. J., Chung, S. W,, Jung, J. Y. & Suh, M. W. Effect of different sounds on the treatment outcome of tinnitus retraining therapy.
Clin Exp Otorhinolaryngol 7, 87 (2014).

Olzowy, B., Osterkorn, D. & Suckfull, M. The incidence of sudden hearing loss is greater than previously assumed. MMW Fortschr
Med 147, 37 (2005).

Wunderlich, R. et al. Evaluation of iPod-Based Automated Tinnitus Pitch Matching. ] Am Acad Audiol 26, 205 (2015).

Karpinos, M. et al. Treatment of acoustic neuroma: stereotactic radiosurgery vs. microsurgery. International Journal of Radiation
Oncology*Biology*Physics 54, 1410 (2002).

Cope, T. E., Baguley, D. M. & Moore, B. C. Tinnitus loudness in quiet and noise after resection of vestibular schwannoma. Otol
Neurotol 32, 488 (2011).

Myrseth, E. et al. Untreated vestibular schwannomas: vertigo is a powerful predictor for health-related quality of life. Neurosurgery
59, 67 (2006).

Kohno, M. et al. Prognosis of tinnitus after acoustic neuroma surgery-surgical management of postoperative tinnitus. World
Neurosurg 81, 357 (2014).

Chovanec, M. et al. Does attempt at hearing preservation microsurgery of vestibular schwannoma affect postoperative tinnitus?
Biomed Res Int 2015, 783169 (2015).

Dimitriadis, P. A., Farr, M. R., Allam, A. & Ray, J. Three year experience with the cochlear BAHA attract implant: a systematic review
of the literature. BMC Ear Nose Throat Disord 16, 12 (2016).

Stachler, R.J. et al. Clinical Practice Guideline: Sudden Hearing Loss. Otolaryngology-Head and Neck Surgery 146, S1 (2012).
Newman, C. W,, Sandridge, S. A. & Jacobson, G. P. Psychometric adequacy of the Tinnitus Handicap Inventory (THI) for evaluating
treatment outcome. ] Am Acad Audiol 9, 153 (1998).

Fahy, C., Nikolopoulos, T. P. & O’'Donoghue, G. M. Acoustic neuroma surgery and tinnitus. Eur Arch Otorhinolaryngol 259, 299
(2002).

Baguley, D. M., Humpbhriss, R. L., Axon, P. R. & Moffat, D. A. The clinical characteristics of tinnitus in patients with vestibular
schwannoma. Skull Base 16, 49 (2006).

Bell, J. R., Anderson-Kim, S. J., Low, C. & Leonetti, J. P. The Persistence of Tinnitus after Acoustic Neuroma Surgery. Otolaryngol
Head Neck Surg 155, 317 (2016).

Acknowledgements

This study received support from the National Natural Science Foundation of China (grant No. 81371085;
81400466), Shanghai Pujiang Program (grant No. 15PJD030), and Shanghai Municipal Education Commission-
Gaofeng Clinical Medicine Grant Support (grant No. 20152525 and No. 20152526).

SCIENTIFICREPORTS| (2019) 9:1743 | https://doi.org/10.1038/s41598-019-38582-y 11


https://doi.org/10.1038/s41598-019-38582-y

www.nature.com/scientificreports/

Author Contributions

JJ.W., ZN.C. and S.K.Y. designed the experiments. Y.M.F. and H.-W. analysed the data. ].J].W. and Z.N.C. wrote
the main article. Y.Q.W.,, H.B.S. and Z.N.C. revised the manuscript. All authors have approved the final copy of
this manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-019-38582-y.

Competing Interests: The authors declare no competing interests.

Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

T | icense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFICREPORTS| (2019) 9:1743 | https://doi.org/10.1038/s41598-019-38582-y 12


https://doi.org/10.1038/s41598-019-38582-y
https://doi.org/10.1038/s41598-019-38582-y
http://creativecommons.org/licenses/by/4.0/

	Changes in tinnitus after vestibular schwannoma surgery

	Patients and Methods

	Ethical considerations. 
	Participants, Setting, and Study Design. 
	Statistical Methods. 

	Results

	THI and VAS scores. 
	Tinnitus frequency. 
	Tinnitus loudness. 
	Tumor size. 
	Age. 
	Preoperative pure-tone audiometry. 
	Postoperative facial nerve function (House-Brackmann scale). 
	Symptom duration. 

	Discussion

	Conclusion

	Acknowledgements

	Figure 1 Change in tinnitus after vestibular schwannoma surgery.
	Figure 2 Preoperative and postoperative THI scores (A), VAS scores (B), and tinnitus loudness (C).
	Figure 3 (A) Correlation between preoperative THI score and preoperative VAS score (r = 0.
	Figure 4 (A) The decrease in THI score after surgery in the low-frequency group was significantly greater than that of the mid-/high-frequency groups (ΔTHI score of low-frequency group = −47.
	Figure 5 (A) Correlation between preoperative tinnitus loudness and preoperative THI score (r = 0.
	Figure 6 (A) Correlation between tumor size and preoperative THI score (r = −0.
	Figure 7 (A) Correlation between age and preoperative THI score (r = 0.
	Figure 8 (A) Correlation between the preoperative pure-tone average and preoperative THI score (r = 0.
	Figure 9 (A) The average symptom duration did not differ among the three frequency groups (p = 0.
	Table 1 Characteristics of study participants.
	Table 2 Main results.




