
CLINICAL ARTICLE
J Neurosurg (Suppl) 129:38–46, 2018

One of every 10 intracranial tumors arises in the 
cerebellopontine angle (CPA), most of which 
are vestibular schwannomas (VSs), comprising 

80%–85%, and less commonly meningiomas, account-
ing for 10%–15%.1,5,45 Because of the close proximity of 
CPA meningiomas to critical neurovascular structures, 
resection is surgically challenging. Stereotactic radio-
surgery (SRS) as an adjuvant or alternative treatment for 
skull base meningiomas has demonstrated high efficacy 

and safety.32,36,40,42,47 However, the presence of the hearing 
apparatus in the vicinity of CPA meningiomas theoreti-
cally makes hearing function at risk during Gamma Knife 
radiosurgery (GKRS). Hearing preservation after GKRS 
and possible outcome predictors has been extensively in-
vestigated and reported in relation to VSs. Yet it is un-
known whether these results relating to hearing outcome 
or predictive factors of outcome apply to CPA meningio-
mas treated by SRS.

ABBREVIATIONS ARE = adverse radiation event; CPA = cerebellopontine angle; FSRT = fractionated stereotactic radiotherapy; GKRS = Gamma Knife radiosurgery; GR = 
Gardner-Robertson; IAC = internal auditory canal; IC = intracanalicular; SRS = stereotactic radiosurgery; VS = vestibular schwannoma.
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OBJECTIVE The objective of this study was to assess hearing function after Gamma Knife treatment of cerebellopon-
tine angle (CPA) meningiomas and assess factors affecting hearing outcome. Additionally, the authors opted to compare 
these results with those after Gamma Knife treatment of vestibular schwannomas (VSs), because most of the informa-
tion on hearing outcome after stereotactic radiosurgery (SRS) comes from reports on VS treatment. Hearing preserva-
tion, to the best of the authors’ knowledge, has never been separately addressed in studies involving Gamma Knife 
radiosurgery (GKRS) for CPA meningiomas.
METHODS This study included all patients who underwent a single session of GKRS between 2002 and 2014. The 
patients were divided into two groups. Group A included 66 patients with CPA meningiomas with serviceable hearing 
and tumor extension into the region centered on the internal auditory meatus. Group B included 144 patients with VSs 
with serviceable hearing. All patients had serviceable hearing before treatment (Gardner-Robertson [GR] Grades I and 
II). The median prescription dose was 12 Gy (range 10–12 Gy) in both groups. The median follow-up of groups A and B 
was 42 months (range 6–149 months) and 49 months (range 6–149 months), respectively.
RESULTS At the last follow-up, the tumor control rate was 97% and 94% in groups A and B, respectively. Hearing 
preservation was defined as maintained serviceable hearing according to GR hearing score. The hearing preservation 
rate was 98% and 66% and the 7-year actuarial serviceable hearing preservation rate was 75% and 56%, respectively, 
between both groups. In group A, the median maximum cochlear dose in the patients with stable and worsened hearing 
grade was 6.3 Gy and 5.5 Gy, respectively. In group B, factors affecting hearing preservation were cochlear dose ≤ 7 Gy, 
follow-up duration, and tumor control. The only determinant of hearing preservation between both groups was tumor type.
CONCLUSIONS GKRS for CPA meningiomas provides excellent hearing preservation in addition to high tumor control 
rate. Hearing outcome is better with CPA meningiomas than with VSs. Further long-term prospective studies on determi-
nants of hearing outcome after GKRS for CPA meningiomas should be conducted.
https://thejns.org/doi/abs/10.3171/2018.7.GKS181308
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The primary objective of this study was to assess hear-
ing function after GKRS for CPA meningiomas and as-
sess factors affecting hearing outcome. A secondary ob-
jective was to compare those results to our results using 
GKRS for VSs.

Methods
Patient Population

In this retrospective study, we included patients who 
underwent a single session of GKRS between 2002 and 
2014. The patients were divided into two groups. Group A 
included 66 patients with CPA meningiomas with service-
able hearing and tumor extension into the region centered 
on the internal auditory meatus, with or without extension 
into the internal auditory canal (IAC). Group B included 
144 patients with VSs with serviceable hearing. Patients 
included in this study were only those with serviceable 
hearing before treatment (Gardner-Robertson [GR] Grades 
I and II). We excluded patients with meningiomatosis, neu-
rofibromatosis type 2, tumors invading the petrous bone, 
and histopathologically nonbenign meningiomas (Fig. 1).

For nonoperated meningioma cases, the radiological 
criteria for diagnosis were homogenous contrast enhance-
ment, extraaxial location, and dural tail. As for nonoper-
ated VS cases, the radiological criteria for diagnosis were 
heterogeneous contrast enhancement, widening of the po-
rus, hyperintensity to adjacent brain on T2-weighted im-
ages, and for small tumors, direct location on the vestibu-
locochlear nerve. Hearing assessment was based on pure 
tone average and speech discrimination.

Radiosurgical Technique
The Leksell stereotactic head frame was attached to the 

patient’s head using local anesthesia (model G, Elekta AB). 
Imaging was based on contrast-enhanced T1-weighted se-
quences plus T2-weighted MR sequences with 1.6-mm 
slice thickness using high-resolution 1.5-T MRI (Genesis 
Sigma, General Electric). Stereotactic images were im-
ported into the GammaPlan workstation (Elekta AB). The 
treatment was performed using the Gamma Knife Model 
C (Elekta Instruments, Inc.). The target volume was drawn 
in all the MRI slices.

Statistical Analysis
The mean and median values were presented for nor-

mal and nonnormal distributions, respectively. Ranges for 
continuous variables were determined and percentages for 
categorical variables were reported. Normality was as-
sessed using the Shapiro-Wilk test. Statistical analysis for 
categorical variables was assessed using the chi-square and 
Fisher exact tests. Statistics of means were conducted using 
the 2-sample independent sample t-test, with and without 
equal variance, as determined by Levene’s test. The Wil-
coxon rank-sum test was used when variables had nonnor-
mal distribution. Univariate and multivariate analyses were 
performed for hearing outcome (stable vs worse), hearing 
function (serviceable vs nonserviceable), and tumor control 
(control vs progression). Kaplan-Meier risk analysis was 
performed for hearing outcome, hearing function, and tu-
mor control, as well as for determining 5- and 7-year hear-

ing preservation rate and progression-free survival. Multi-
variate analysis was performed using multivariate logistic 
regression analysis by entering independent variables that 
were found to be significant (p < 0.05) in univariate analy-
sis. Those p values < 0.05 were considered statistically sig-
nificant and the 95% confidence interval was reported for 
each statistically significant variable.

Covariates tested for significance were age, sex, previ-
ous surgery, tumor extension inside the IAC, tumor type, 
length of tumor inside the IAC, maximum tumor diameter 
in CPA (measured from the most lateral end of the tumor 
in the IAC to the most medial end of the tumor in the 
same plane), pretreatment hearing grade, tumor volume, 
prescription dose, maximum and mean target dose, maxi-
mum and mean dose to cochlea, follow-up duration, tumor 
diameter ≤ 3 cm or > 3 cm, maximum cochlear dose ≤5 
Gy or > 5 Gy, maximum cochlear dose ≤ 6 Gy or > 6 Gy, 
maximum cochlear dose ≤ 7 Gy or > 7 Gy, and mean co-
chlear dose ≤ 4 Gy or > 4 Gy.

Statistical analyses were conducted for the whole co-
hort, then for groups A and B separately. The inferential 
statistical results for group A regarding hearing function 
were excluded because there was only 1 case of loss of 
serviceable hearing in this group after treatment. Also, a 
separate analysis was performed for the group of patients 
with GR Grade I hearing before treatment for the whole 
cohort, then for groups A and B separately. The radiologi-
cal and clinical data reported in the study were those ob-
tained from the latest follow-up.

Follow-Up
Imaging follow-up examinations using contrast-en-

hanced MRI were conducted at 3-month intervals for the 
first year and then at 6-month intervals for the second year, 
and annually thereafter. Additional imaging was obtained 
when a patient developed new symptoms or experienced 
worsening of any preexisting symptoms. Every patient’s 
history and examination findings were recorded and com-

FIG. 1. Flow diagram showing the selection process for patients with 
CPA meningiomas and VSs included in the study for analysis.
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pared with those documented prior to treatment. Radio-
logical follow-up was undertaken by performing contrast-
enhanced MRI, including T2-weighted series. A 20% or 
more change in the tumor diameter measurements in at 
least two of the largest axes was considered significant. In 
addition to imaging, an audiometry test with speech dis-
crimination score was performed before treatment and at 
every follow-up evaluation.

Hearing function after GKRS was determined accord-
ing to the serviceability (i.e., serviceable/nonserviceable) 
as defined earlier. Hearing outcome was determined as 
either stable if no change in grade, or worse if there was 
decrease of the hearing by one grade or more (considered 
hearing deterioration). Written informed consent was ob-
tained from all patients or their guardians.

Results
Patient Demographics and Tumor Attributes

The mean age of patients in group A was 50 years, as 
compared to 44 years in group B (Table 1). The majority 
of patients in both groups were radiologically diagnosed 
(group A, n = 60 [91%], and group B, n = 141 [98%]). Only 
6 patients (9%) and 5 patients (3.5%) in groups A and B, 
respectively, had undergone prior surgery. Females were 
the predominant sex in group A and there was an almost 
equal sex distribution in group B. Regarding hearing 
grade before treatment, most of the group A patients were 
GR Grade I (86%) as opposed to group B patients with 
56% GR Grade I. The main presentations in group A pa-
tients were facial pain and numbness, vertigo, and disequi-
librium. In group B patients, the main presentations were 
tinnitus, hearing loss, and vertigo (Table 1). Intracanalicu-
lar (IC) tumor extension was observed in two-thirds of 
the patients in group A, but in all the patients in group B. 
The mean tumor volume was significantly greater among 
group A patients (10 cm3, range 1.5–41.4 cm3) than among 
group B patients (3.6 cm3, range 0.02–18.6 cm3; Table 2). 
The mean tumor diameter in the CPA was approximately 
equal in both groups. The length of IC tumor extension 
was greater among group B patients than group A patients 
(7.7 mm and 4.1 mm, respectively).

The mean prescription dose was 11.7 Gy and 11.9 Gy 
in groups A and B, respectively. The mean maximum co-
chlear dose was higher in group B patients than in group A 
patients (7.7 Gy vs 6.2 Gy). The mean follow-up duration 
for groups A and B was 42 months (range 6–149 months) 
and 49 months (range 6–149 months), respectively (Table 
3). For the entire cohort, in patients with pretreatment GR 
hearing Grades I and II, the mean length of IC tumor ex-
tension was 5.9 mm and 7.9 mm, respectively. Also, the 
mean distance between lateral tumor margin and cochlea 
was 4.7 mm and 2.8 mm, respectively. For group A, in 
patients with GR Grade I and Grade II hearing, the mean 
length of IC tumor extension was 4 mm and 5.3 mm, re-
spectively. Also, the mean distance between lateral tumor 
margin and cochlea was 6.7 mm and 5.3 mm, respectively. 
For group B, in patients with GR Grade I and Grade II 
hearing, the mean length of IC tumor extension was 7.2 
mm and 8.3 mm, respectively. The mean distance between 
lateral tumor margin and cochlea was 3.2 mm and 2.5 

mm, respectively. There was a significant correlation be-
tween the length of IC tumor extension and hearing grade 
before treatment (p < 0.0001) for the whole cohort. The 
same correlation applied to the distance between lateral 
tumor margin and cochlea (p < 0.0001). The same correla-
tion was found for group B patients only (p = 0.02).

Radiological Outcome
In group A patients the tumor shrank in 26 (39.4%), re-

mained stable in 38 (57.6%), and progressed in 2 (3%). The 
overall tumor control rate was 97% (Table 3). In group B 
patients the tumor shrank in 63 (43.8%), remained stable 
in 72 (50%), and progressed in 9 (6.3%). The overall tumor 
control rate was 94%. There were no significant predictive 
factors for tumor control in either group. Shorter follow-
up duration was a predictive factor in tumor shrinkage in 
group B (p < 0.0001). Symptomatic edema was observed 
in 2 patients in group A. In one of them it was an adverse 
radiation event (ARE) and in the other it was associated 
with tumor progression. AREs occurred in 6 patients in 
group B and all were temporary.

Audiological Outcome
In group A after treatment, 51 patients (77%) were GR 

TABLE 1. Patient demographics

Variable
CPA Meningioma 

(Group A)
VS  

(Group B)
p  

Value

No. of patients 66 144 —
Mean age (range), yrs 50 (30–75) 44 (16–71) <0.0001
Previous surgery, n (%) 6 (9) 5 (4) 0.1
Sex, n (%) <0.0001
 Male 17 (26) 82 (57)
 Female 49 (74) 62 (43)
Hearing grade before 

GKRS, n (%)
<0.0001

  Grade I 57 (86) 80 (56)
  Grade II 9 (14) 64 (44)
IC extension, n (%) 44 (67) 144 (100) NA
Presenting symptom, n
 Facial pain 18 8
 Facial numbness 16 12
 Facial spasm — 1
 Facial weakness — 3
 Vertigo 16 32
 Disequilibrium 18 14
 Tinnitus 13 101
 Diplopia 4 —
 Hearing loss 4 75
 Bulbar symptoms 1 1
 Headache 13 21
 Hydrocephalus 9 4

NA = not applicable (p value could not be calculated because all patients in the 
VS group had IC extension).
Boldface type indicates statistical significance.
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Grade I and 14 (21%) were GR Grade II (Table 3). In 1 pa-
tient (2%) hearing became nonserviceable after treatment, 
deteriorating to GR Grade III. The hearing preservation 
rate was 98%. Regarding hearing outcome, the hearing 
grade remained unchanged in 59 patients (89%) but there 
was deterioration in the hearing grade in 7 patients (11%). 
The 5- and 7-year actuarial preservation rates were 82% 

and 75%, respectively. The mean time to hearing deterio-
ration was 15 months (range 6–22 months). The patients 
with GR Grade I hearing before treatment in group A had 
unchanged hearing in 51/57 (89.5%). All patients had pre-
served hearing after treatment with a hearing preservation 
rate of 100%. For the patients with GR Grade II hearing 
before treatment in group A, the hearing was unchanged 
in 8/9 (89%) and hearing was preserved in 8/9 (89%). The 
actuarial preservation rate could not be calculated because 
all patients in this subgroup had preserved hearing.

In group B after treatment, 34 patients (24%) were 
GR Grade I, 61 (42%) were GR Grade II, 39 (27%) were 
GR Grade III, and 10 (7%) were GR Grade V. Hearing 
in 49 patients (34%) became nonserviceable after treat-
ment. The hearing preservation rate was 66% (Table 3). 
Regarding hearing outcome, the hearing grade remained 
unchanged in 69 patients (48%) but there was deteriora-
tion in the hearing grade in 75 patients (52%). The 5- and 
7-year actuarial preservation rates were 72% and 56%, 
respectively. The mean time to hearing deterioration was 
18 months (range 5–69 months; Table 3). The patients 
with GR Grade I hearing before treatment in group B 
had unchanged hearing in 34/80 (42.5%). Preserved hear-
ing was found in 60/80 (75%). For the patients with GR 
Grade II hearing before treatment in group B, hearing was 
unchanged in 35/64 (55%) and hearing was preserved in 
35/64 (55%). The 5- and 7-year actuarial preservation rates 
were 77% and 62%, respectively.

Hearing outcome in GR Grade II patients for the whole 
cohort was unchanged in 85/137 (62%) while hearing was 
preserved in 117/137 (85%). For GR Grade II patients, un-
changed hearing was observed in 43/73 (59%) and hearing 
preservation occurred in 43/73 (59%).

The determinants of better hearing outcome for the 
whole cohort were tumor type (CPA meningioma; p < 
0.0001) and shorter follow-up duration (p = 0.04) in mul-
tivariate analysis (Table 4). The determinants of preser-
vation of hearing function were CPA meningioma (p = 
0.007), shorter follow-up duration (p = 0.002), and tumor 
control (p = 0.006) for the whole cohort in multivariate 
analysis (Table 5).

The determinant of better hearing outcome according 
to tumor type was shorter follow-up duration (p = 0.03) in 
a multivariate analysis for group B only (Table 6). Regard-

TABLE 2. Treatment parameters and tumor attributes

Variable
CPA Meningioma 

(Group A)
VS  

(Group B)
p  

Value

Tumor volume (cm3) <0.0001
 Mean ± SD 10 ± 8.7 3.6 ± 4.5
 Range 1.5–41.4 0.02–18.6
 Median 7.1 1.7
Dose (Gy) 0.001
 Mean ± SD 11.7 ± 0.6 11.9 ± 0.3
 Range 10–12 10–12
 Median 12 12
Isodose (%) 0.003
 Mean ± SD 49.9 ± 2.1 51 ± 3.9
 Range 40–60 45–70
 Median 50 50
Coverage (%) 0.3
 Mean ± SD 95.2 ± 2.2 95.6 ± 2.5
 Range 91–99 90–100
 Median 95 96
Max dose (Gy) 0.91
 Mean ± SD 23.6 ± 1.6 23.6 ± 1.6
 Range 20–30.2 17.2–26.7
 Median 24 24.1
CPA tumor diameter (mm) 0.95
 Mean ± SD 19.3 ± 5.6 19.4 ± 7.9
 Range 6–35 4–42
 Median 19 18
Length of IC tumor (mm) <0.0001
 Mean ± SD 4.1 ± 3.7 7.7 ± 2.7
 Range 0–13 2–14
 Median 4 8
Distance from lat tumor to 

cochlea (mm)
<0.0001

  Mean ± SD 6.5 ± 3 3 ± 2
  Range 0–13 2–14
  Median 7.5 2
Max cochlear dose (Gy) <0.0001
 Mean ± SD 6.2 ± 2 7.7 ± 2.2
 Range 1.5–11.1 2.8–13.9
 Median 6 7.5
Mean cochlear dose (Gy) 0.89
 Mean ± SD 4.9 ± 1.7 4.9 ± 1.4
 Range 0.9–9.6 1.9–10
 Median  4.6  4.9

Boldface type indicates statistical significance.

TABLE 3. Treatment outcome

Outcome Variable
CPA Meningioma 

(Group A)
VS  

(Group B)

Hearing preservation rate 98% 66%
5- & 7-yr actuarial hearing preser-

vation rates
82%, 75% 72%, 56%

Hearing grade after GKRS, n (%)
 Grade I 51 (77%) 34 (24%)
 Grade II 14 (21%) 61 (42%)
Mean time to hearing deterioration 

(range), mos
15 (6–22) 18 (5–69)

Tumor control rate 97% 94%
Mean follow-up duration, mos 42 49

Unauthenticated | Downloaded 05/23/23 11:18 PM UTC



El-Shehaby et al.

J Neurosurg Volume 129 • December 201842

ing hearing functionality, calculations were only made 
for group B because only 1 patient lost functionality after 
treatment in group A. The determinants of preserved hear-
ing function after separation by tumor type were shorter 
follow-up duration (p = 0.003), maximum cochlear dose 
of ≤ 7 Gy (p = 0.04), and tumor control (p = 0.007) in a 
multivariate analysis (Table 7).

In group A, the maximum cochlear dose among patients 
with unchanged and worse hearing was 6.3 Gy and 5.5 Gy, 
respectively, which was statistically insignificant (p = 0.29). 
In group B, the maximum cochlear dose among patients 
with unchanged and worse hearing was 7.6 Gy and 7.8 Gy, 
respectively, which was statistically insignificant (p = 0.67).

Discussion
Tumor Control After Radiosurgery

SRS for skull base meningiomas has been extensive-
ly reported, with tumor control rates between 82% and 
98%.14,19,23,26,34,42,47 SRS for posterior fossa meningiomas 
was also reported, with tumor control rates of 87%–
100%.32,37,40 There have only been a few reports specifi-
cally on SRS for CPA meningiomas, with tumor control 
rates between 92% and 100%.14,23,34,35 The current study 
tumor control rate for CPA meningiomas was 98%.

Excellent tumor control rates have also been reported 
with SRS for sporadic VSs, ranging between 87% and 
100%.8,11,18,29,38 Our results for sporadic VSs in the current 
series were comparable at a 94% tumor control rate.

Surgery and Hearing
The hearing preservation rate after surgery for CPA 

meningiomas is reported to be 60%–100%.1,2,12,46 Some 

studies reported on the hearing preservation rate after 
surgery for meningiomas extending into the IAC, which 
was not as good, ranging from 15% to 71%.4,7,15,24,27,28,31, 35, 

41,48 The location of the meningiomas within the CPA was 
found to influence hearing outcome. Meningiomas located 
superior to the IAC or between the IAC and the sigmoid 
sinus had better hearing outcome.12 More favorable hear-
ing outcome was also found in retromeatal compared to 
premeatal CPA meningiomas at increased risk of surgical 
damage to the neurovascular bundle in anteriorly located 
tumors, because of the obstacle it presents during tumor 
removal.39 It was also reported that the risk of hearing loss 
was substantially greater with VS than with CPA menin-
gioma surgery.1 This is probably attributable to the fact 
that there is a more intimate relationship between VSs 
and the vestibulocochlear complex, which usually invade 
the IAC and cause significant nerve compression.3,6 Also, 
surgically VSs tend to be more intimately involved with 
the vestibulocochlear complex as they originate along the 
axon of the nerve, whereas meningiomas do not arise from 
the nerve and therefore can be more easily peeled away 
with less risk of nerve injury.1 Hearing preservation after 
GKRS in the current study compares favorably in both 
tumor types compared to surgery.

TABLE 4. Significant covariates in better hearing outcome 
(stable/worse) tested for the entire cohort

Covariate

Univariate 
Analysis 
(p value)

Multivariate Analysis

OR 95% CI p Value

Tumor type (CPA menin-
gioma)

<0.0001 6.38 2.53–18.09 <0.0001

Length of IC tumor 
(shorter)

<0.0001 NS NS NS

Distance from lat tumor to 
cochlea (mm)

<0.0001 NS NS NS

Max cochlear dose (lower) 0.03 NS NS NS
Follow-up duration 

(shorter)
0.001 0.99 0.98–100 0.04

Max cochlear dose (Gy) NS NS NS
 ≤7 0.02
 >7
Max tumor diameter (cm) NS NS NS
 ≤3 0.003
 >3
Tumor control 0.02 NS NS NS

CI = confidence interval; NS = nonsignificant; OR = odds ratio.
Boldface type indicates statistical significance.

TABLE 5. Significant covariates in preserved hearing function 
(serviceable/nonserviceable) tested for the entire cohort

Covariate

Univariate 
Analysis 
(p value)

Multivariate Analysis

OR 95% CI
p 

Value

Tumor type (CPA menin-
gioma)

<0.0001 20.37 2.29–181.52 0.007

Pretreatment hearing 
grade (Grade I)

<0.0001 NS NS NS

CPA tumor diameter 
(smaller)

0.002 NS NS NS

Length of IC tumor 
(shorter)

<0.0001 NS NS NS

Distance from lat tumor to 
cochlea (mm)

<0.0001 NS NS NS

Max cochlear dose (lower) <0.0001 NS NS NS
Mean cochlear dose 

(lower)
0.02 NS NS NS

Follow-up duration 
(shorter)

<0.0001 0.98 0.97–0.099 0.002

Max cochlear dose (Gy) NS NS NS
 ≤7 <0.0001
 >7
Mean cochlear dose (Gy) NS NS NS
 ≤4 0.01
 >4
Max tumor diameter (cm) NS NS NS
 ≤3 0.002
 >3
Tumor control 0.004 10.88 1.96–60.31 0.006
Boldface type indicates statistical significance.
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Radiotherapy and Hearing
CPA meningiomas have rarely been mentioned specifi-

cally in series reporting on different forms of radiotherapy 
for meningiomas. This is due to the rare occurrence of 
these tumors. Moreover, auditory function is also not com-
monly reported on in radiotherapy series, with more focus 
on tumor control and adverse radiation effects. Di Franco 
et al.13 reported on the use of the Cyberknife for the treat-
ment of meningiomas with a mix of SRS and fractionated 
stereotactic radiotherapy (FSRT) cases. A single fraction 
was used to treat lesions less than 2 cm, while FSRT was 
used to treat lesions greater than 2 cm or less than 3 cm, 
but too close to a critical site, such as the optical chiasm 

or CPA. The study included 7 patients with CPA menin-
giomas. There were 6 patients with pretreatment hearing 
disorders. After treatment, hearing remained unchanged 
or improved in 5 and worsened in 1 patient. There was a 
new hearing deficit in 3 patients but in an unspecified lo-
cation. Minniti et al.30 treated 52 patients with large skull 
base meningiomas using FSRT, 5 of which were located 
in the CPA. Four patients initially had a hearing deficit 
before treatment. Progressive hearing loss was reported in 
2 cases after treatment. The hearing preservation rates in 
the current study are the same if not better than the results 
reported in the previous two studies.

Radiosurgery for CPA Meningiomas and Hearing
The incidence of CPA meningiomas with serviceable 

hearing on presentation is reported to be 39%–88%.23,34, 

35,46 In the current study the incidence was 27%. The wide 
incidence variability is probably related to the location cri-
teria, as the CPA location is a wide space located between 
the lateral cerebellum and pons. It extends anteriorly from 
the clivus to the posterior edge of the cerebellum posteri-
orly and from the trigeminal nerve above the jugular fo-
ramen below. In this study we applied stringent location 
criteria in order to include meningiomas, which mimicked 
VSs in location and morphology. The aim was to compare 
the hearing outcome in both and to determine if predictive 
factors of hearing outcome applied to both tumor types 
equally. This may explain the lower number of CPA me-
ningiomas with serviceable hearing at presentation in the 
current study.

The hearing preservation rate reported in previous stud-
ies of SRS for CPA meningiomas or meningiomas around 
the IAC was 79%–98%14,23,34,35 (Table 8). Regarding the 
predictors of hearing preservation, none of the studies that 
specifically analyzed the correlation with cochlear dose 
found any significant relationship.23,34 Similarly, the cur-
rent study did not find such correlation; in fact, the co-
chlear doses in patients with unchanged and worse hearing 
were not much different. Park et al.34 suggested that the 
greater distance between the lateral tumor margin and the 
cochlea may explain the high rate of hearing preservation. 
We did find a relationship between IC tumor extension 
and hearing outcome. This may be the result of the shorter 
length of the nerve exposed to radiation rather than the 
dose to the cochlea. Pretreatment hearing status was found 
to have an effect on auditory function after treatment.14,34 
The current study, which unlike previous studies included 

TABLE 6. Significant covariates in better hearing outcome (stable/worse) tested for each tumor type separately

Covariate

CPA Meningioma (Group A) VS (Group B)

Univariate Analysis 
(p value)

Multivariate Analysis 
(p value)

Univariate Analysis 
(p value)

Multivariate Analysis
OR 95% CI p Value

Follow-up (shorter) NS NS 0.003 0.99 0.98–0.099 0.03
Max tumor diameter NS NS 0.01 NS NS NS
 ≤3 cm
 >3 cm
Tumor control NS NS 0.02 NS NS NS

Boldface type indicates statistical significance. 

TABLE 7. Significant covariates in preserved hearing function 
(serviceable/nonserviceable) tested for each tumor type 
separately

VS (Group B)

Univariate 
Analysis 
(p value)

Multivariate Analysis

OR 95% CI
p 

Value

CPA tumor diameter 
(smaller)

0.001 NS NS NS

Length of IC tumor (lesser) 0.03 NS NS NS
Max cochlear dose (lower) 0.03 NS NS NS
Mean cochlear dose (lower) 0.02 NS NS NS
Follow-up (shorter) 0.001 0.98 0.97–0.99 0.003
Pretreatment hearing grade 

(Grade I)
0.009 NS NS NS

Max cochlear dose 0.003 3.81 1.01–14.53 0.04
 ≤7 Gy
 >7 Gy
Mean cochlear dose 0.03 NS NS NS
 ≤4 Gy
 >4 Gy
Max tumor diameter 0.01 NS NS NS
 ≤3 cm
 >3 cm
Tumor control 0.008 12.61 1.98–80.21 0.007
CPA meningiomas were excluded from the test because it was invalid as there 
was only 1 case that had nonserviceable hearing after treatment. Boldface 
type indicates statistical significance. 
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only patients with serviceable hearing, found that pretreat-
ment Grade I hearing was a positive predictor of hearing 
function after treatment.

Radiosurgery for VS and Hearing
The hearing preservation rate after SRS for VSs has 

been reported to be 50%–78%.10,17,18,25,26,33,37,43 Several fac-
tors have been suggested to affect hearing preservation, 
including tumor volume, pretreatment hearing status, age, 
cochlear dose, brainstem cochlear nucleus dose, and mar-
ginal dose ≤ 13 Gy.8,9,11,21,26,33,38,43,46 Similarly, we found 
that patients with Grade I hearing fared better regarding 
hearing preservation. This was clearly evident when we 
compared these patients with those with Grade II hearing. 
Although tumor volume was not significantly related to 
hearing preservation, by univariate analysis we found that 
CPA tumor diameter and IC tumor length significantly 
correlated with hearing outcome and function. We believe 
that they relate partly to the length of cochlear nerve ex-
posed to radiation. The significant correlation found be-
tween the length of IC tumor extension and pretreatment 
hearing grade suggests that it is possible that the length of 
the nerve in the IAC, and consequently the degree of pri-
mary nerve affection by tumor, may also contribute to the 
final hearing outcome and function.

Several studies advocated that the mean cochlear dose 
was a major determinant in hearing preservation.20,22,29 
Some have gone as far as indicating a cutoff value for the 
mean cochlear dose of 4 Gy.25,43,46 Others have reported 
on the maximum cochlear dose as a significant prognostic 
factor for hearing preservation.44 Kano et al.22 indicated 
that a 4.2-Gy central cochlear dose was the critical cutoff 
value for hearing preservation. In the current study, a low 
marginal dose (mean 12 Gy) was used that would minimize 
complications without compromising tumor control. Also, 
we were able to establish a cutoff value for the maximum 
cochlear dose of 7 Gy or less for hearing preservation, and 
although mean cochlear dose was a significant factor for 
hearing preservation in univariate analysis, we could not 
find that correlation in multivariate analysis or establish a 
significant relationship with the 4-Gy cutoff value. Follow-
up duration was a significant factor common among all 
forms of analysis we performed, which would be expected, 
as with longer follow-up duration more patients who are 
predisposed by other factors to develop hearing loss will 
eventually lose hearing. It was observed that there is an 

accelerated rate of hearing decline in the first 2–3 years 
followed by slower hearing deterioration.8,25 Also, it has 
been suggested that hearing deterioration in longer follow-
up may be age-related rather than treatment-related.10

Comparison Between Hearing Results for CPA 
Meningiomas and VSs

There are several proposed theories to explain hearing 
deterioration after SRS. They include damage to the co-
chlear sensory cells, injury to the cochlear nerve by the tu-
mor compression, injury to the cochlear nerve by radiation 
exposure, injury to the cochlear nucleus in the brainstem 
by radiation exposure, and compression or thrombosis of 
the internal auditory artery, leading to ischemic injury of 
the cochlea.12,22,33 These theories, however, were based on 
studies of SRS for VSs. The current study was aimed at 
investigating the applicability of these theories to CPA 
meningiomas.

The CPA meningioma tumor type was a major predic-
tor of better hearing outcome and hearing function (Fig. 
2). The hearing results for CPA meningiomas were much 
better than for VSs. The reasons for this were, firstly, a 
greater number of patients had Grade I hearing in menin-
giomas, which was significantly related to better hearing 

TABLE 8. Comparison of studies involving treatment of CPA meningiomas and meningiomas in and around the IAC

Authors & Year

No. of Patients 
w/ Serviceable 

Hearing
Prescription 
Dose (Gy)

Tumor 
Volume (cm3)

IC Tumor 
Extension (mm)

Max Cochlear 
Dose (Gy)

Follow-Up 
Duration (Mos)

Tumor 
Control (%)

Hearing 
Preservation 

Rate (%)

Pollock et al., 2004 14 Median 15 Median 5.1 Median 7 NA Median 36 100 79
Kim et al., 2012 31 Mean 13.1 Mean 6.1 Mean 6.9 Mean 6.3 Mean 46 94 98
Park et al., 2014 29 Median 13 Median 3 NA 3.2/2.5/5.2* Median 40 97 97
Ding et al., 2014 NA Median 13 Median 3.6 NA NA Mean 46 92 97†
Current study 66 Mean 11.7 Mean 10 Mean 4.1 Mean 6.2 Mean 42 97 98

* Median cochlear dose in unchanged hearing, improved hearing, and worse hearing was 3.2, 2.5, and 5.2 Gy, respectively.
† Calculated from total number of patients, including those with and without serviceable hearing.

FIG. 2. Kaplan-Meier curve of hearing preservation rates for CPA me-
ningiomas and VSs.
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function. Secondly, there was lesser IC tumor extension 
in meningiomas, which was also significantly related to 
better hearing function. Thirdly, lesser IC tumor extension 
would mean lower dose to the cochlea. Yet cochlear dose 
was not found to be significantly correlated with hearing 
preservation in meningiomas, so cochlear nerve radia-
tion exposure would be a more plausible cause, especially 
in the narrower IAC where the cochlear nerve would be 
closer to the maximum target dose and hot spots inside the 
target. This would be especially true with VSs, which have 
greater IC tumor extension, so there would be greater ex-
posure of the cochlear nerve to radiation in the narrow IAC 
in which the nerve is probably more compressed. It has 
been suggested that cochlear nerve compression by VSs 
may exacerbate hearing toxicity after radiosurgery.22,29,43 
Finally, the higher cochlear doses in VS radiosurgery may 
be associated with the greater IC tumor extension in these 
tumors compared to CPA meningiomas; consequently, co-
chlear dose association with hearing may be an incidental 
finding rather than a major causative factor.

Study Limitations
There were some limitations to the current study, which 

included the retrospective design and selection biases. In 
addition, the majority of tumors treated were radiological-
ly diagnosed without histopathological confirmation. First, 
WHO Grade I meningiomas could not be differentiated 
from higher tumor grades due to the lack of histopatholog-
ical specimen. Yet Ding et al.14 reported that 4% of the pa-
tients underwent further surgery after primary GKRS and 
all of them were histopathologically confirmed to be WHO 
Grade I. Secondly, there could have been some crossover 
between the two pathologies treated based on radiological 
characteristics alone. However, the difference in hearing 
preservation between the treated CPA meningiomas and 
VSs (98% and 66%, respectively) in the current study was 
so large that the probability of this occurring would be 
unlikely to significantly affect the results. Flickinger et 
al. in their study16 on GKRS for imaging-diagnosed me-
ningiomas reported that the incidence of nonmeningioma 
diagnosis was 2.3%.

Conclusions
GKRS for CPA meningiomas provides excellent hear-

ing preservation in addition to high tumor control rate. 
Hearing outcome is better with CPA meningiomas than 
VSs. The cochlear dose critical threshold may be higher 
than previously reported. Further long-term prospective 
studies on determinants of hearing outcome after GKS for 
CPA meningiomas should be conducted.
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