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Tumour Shrinkage and Good Facial Nerve Function After 
Planned Partial Resection and Gamma Knife Radiosurgery in 
Koos 4 Vestibular Schwannoma

ABSTRACT

AIM: To evaluate clinical and radiological outcome in surgically treated Koos 4 vestibular schwannomas.   
MATERIAL and METHODS: Volumetric analysis of the tumour volumes before surgery, after surgery (before radiation), and at 
follow-up time-points after radiation was performed. Clinical data on facial nerve function and complications were collected. 
Approximately 6 months after surgery, all patients were treated with a single fraction of stereotactic radiosurgery using the gamma 
knife radiosurgery with a mean marginal dose of 12.9 Gy to the residual tumour volume.     
RESULTS: Mean tumour volume was 11.64 cm3 which was reduced to a mean volume of 4.17 cm3 after partial resection. After a 
mean follow-up of 100 months, residual tumour showed a decrease in volume in 20 patients, stable disease in one patient and two 
patients showed progressive tumour volume requiring a second operation in one patient. Facial nerve function was preserved in all 
patients. One patient suffered from a trigeminal neuralgia after radiation. 
CONCLUSION: Planned partial resection followed by radiation for patients with Koos 4 vestibular schwannoma is an effective 
strategy to preserve facial nerve function and achieve tumour control. Residual tumours after planned partial resection showed a 
mean decrease in volume of 50% at the last follow-up time point.
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(IAC) toward the cerebellopontine angle (CPA). VS accounts 
for 10% of all intracranial tumours and approximately 90% 
of all tumours in the CPA (24,56). In the last two decades, the 
use of magnetic resonance imaging (MRI) has contributed to 
more incidental detection of VS. In up to 0.07% of individuals 
undergoing an MRI of the brain, a VS was detected (24,46). A 

█   INTRODUCTION

Vestibular schwannoma (VS) is a benign skull base tu-
mour resulting from the proliferation of Schwann cells of 
the vestibulocochlear nerve (56). VS is a slow growing 

tumour that usually expands from the internal auditory canal 
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recent study suggested that within the United States alone, 
the incidence rate has increased significantly from 1.5 over 
the past half-century to 4.2 per 100,000 persons in the last 
decade (31). Since the vestibulocochlear nerve is responsible 
for hearing and balance, VS patients usually show symptoms 
related to these functions, such as tinnitus, hearing loss, ver-
tigo, and headache (35,47,50,55). Symptoms vary from one 
patient to another and are mostly dependent on tumour vol-
ume (43). Common treatment strategies are the ‘wait and scan 
policy’, surgical resection, and/or stereotactic radiosurgery 
(SRS) (43). Taking into account differences in patient charac-
teristics, treatment selection is highly dependent on tumour 
volume and unilateral or bilateral (neurofibromatosis type 2 
(NF2)) occurrence (59). VS size is classified into four grades 
using the Koos grading scale: intracanalicular (Koos 1), intra-/
extrameatal (Koos 2), tumour touching the brainstem (Koos 3), 
and tumour compression of the brain-stem (Koos 4) (20). This 
study focuses predominantly on Koos 4 VS.

Large VS compress the brainstem and may cause symptoms 
of cranial nerve disorders, ataxia, hydrocephalus and cerebro-
spinal tract impairment and therefore prompts a surgical de-
compression. Over the past decades, complete tumour resec-
tion has been considered the treatment of first choice (26,30). 
This strategy has shown high rates of VS control, ranging be-
tween 90.9–100% (49). However, as the tumour is often adja-
cent to the facial nerve (FN) in large VS, preserving this critical 
structure combined with the goal of leaving no residual tu-
mour creates a major challenge. In a recent systematic review, 
the pooled overall gross-total resection rate was estimated to 
be 77%, with higher rates associated with surgeon’s experi-
ence (49). Good facial nerve function House-Brackmann (HB) 
Grade 1 or 2 after total resection fluctuated between 27% and 
85% (11,26,30,45,57,60,61). Leaving a residue of VS around 
the FN (partial or subtotal resection) ensures better preserva-
tion of neurological and sensory functions. Yet, partial resec-
tion alone was found to be associated with a higher probabil-
ity of tumour growth in up to 53% of cases (3,10,16,42,51).

In large VS, SRS alone may cause transient swelling, adding 
more compression to the brainstem and is therefore not 
the preferred first treatment (54); however, it has shown 
to better control small to medium VS (on a scale ranging 
from 87% to 97%) with favourable FN function outcomes 
(5,6,29). Therefore, a combined approach of partial resection 
with irradiation of the residual tumour seems to be a logical 
treatment for large VS. Throughout the last two decades, 
Gamma Knife (GK) radiosurgery after partial resection, with 
a marginal dose between 12–13 Gy to the residual tumour, 
has shown beneficial FN function outcomes, ranging between 
86% and 100%, with tumour control rates of 79% and higher 
(7,15,22,23,39,40,41,53,58). This slightly more conservative 
approach has gained gradual attention among the skull base 
surgical community. Nine studies (7,15,22,23,39,40,41,53,58) 
have reported on using this combined approach. 

The aim of our retrospective study is to illustrate local control, 
FN outcomes, surgical complications, and radiotherapy side 
effects in managing Koos 4 VS using this combined approach.

█   MATERIAL and METHODS
Inclusion and Exclusion Criteria

After obtaining permission from the medical ethical committee 
(METC 2018-0843), data were collected retrospectively. All 
patients harbouring histopathologically confirmed Koos 4 VS 
treated via a partial resection followed by GK radiosurgery, 
with preoperative and postoperative MRI scans, were included 
in the study. This study included patients from 2007 until 2018 
with all required treatment data available.

Imaging Protocol and Clinical Workflow

All patients received a 1 mm T1-weighted contrast-enhanced 
brain MRI and a T2-weighted 0.6 mm (cochlea sequence) 
axial imaging of the cerebellopontine area. This protocol was 
performed preoperatively and during follow-up. All surgically 
treated patients with VS were discussed in the multidisciplinary 
skull base team. According to the local protocol, patients 
with Koos 4 and occasionally Koos 3 VS (if the patient 
had a strong preference for surgery) were treated with the 
combined approach. All patients presented with severe 
hearing loss. Therefore, tumour resection was conducted 
via the translabyrinthine route with the aim of achieving 
tumour volume reduction and FN preservation. This approach 
included dissection of the internal auditory meatus, besides 
mastoidectomy and labyrinthectomy, with secure exposition 
of the FN. To avoid any damage to FN, electromyography 
based two-channel facial monitoring was used during 
surgery. Surgeries were performed in a joint effort involving 
experienced surgeons from both otorhinolaryngology (ENT) 
and the neurosurgery departments. The ENT surgeon started 
with the labyrinthectomy, and the neurosurgeon resected 
the tumour. After surgery, the patient was discharged within 
3–5 days and a follow up appointment was scheduled after 
approximately three months.

GK Radiosurgery

Within six months after surgery the residual VS was treated 
with GK radiosurgery, a dose between 12.0 and 13.0 Gy 
(mean: 12.9 Gy) was prescribed, covering 99% of the residual 
tumour. All radiosurgery treatments were performed using the 
Leksell Gamma Knife 4C and, from 2008 onwards, the Leksell 
Gamma Knife Perfection, and from 2015 the Gamma Knife 
Icon. To ensure the exact delivery of the prescribed dose, the 
GK centre used a volumetric 1 mm (without slice gap) T1-
weighted contrast-enhanced MRI and 0.8 mm T2 weighted 
MRI for planning purposes.

Definition of Radiological and Clinical Control

In order to assess tumour volumes, four MRI scans were 
retrieved from the database system for each patient. These 
scans represented a chronological sequence of when the 
tumour was initially diagnosed (VT1), after surgery ((VT2) tumour 
volume at the time of GK), first MRI scan after GK (VT3), and 
at the last available follow-up (VT4). Based on the literature, VS 
patients might have an increase in tumour volume following GK 
(pseudo-progression or transient swelling), which will resolve 
in time (19). The first and second authors (radiologist with 
neuro imaging expertise) performed all volume measurements 
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manually using 3DSlicer (https://www.slicer.org/), (Figure 1) 
(12).

Radiological control refers to the status of the tumour volume 
at VT4 in relation to VT2 by calculating the change. A difference 
of 20% between scans was considered the measurement 
error (38,52). Therefore, the tumour status at VT4 was classified 
into three categories: regression when VT4 is less than 80% of 
VT2; stable when the VT4 is within a margin of ± 20% from VT2; 
progression when VT4 is larger than 120% of the VT2. Clinical 

control refers to the absence of the need for further treatment 
(GK or surgery) after completing the initial treatment approach.

Statistical Analyses

Forward stepwise ANOVA regression was applied to find any 
predictive variable in relation to the tumour volume at the last 
follow-up (VT4). The tumour volume VT4 was the dependent 
variable and included the following variables in the candidate 
pool of predictors: age, sex, tumour location, tumour volume 

Figure 1: Transverse T1 3D MRI scans with gadolinium contrast in three patients (A, B, C) with left sided VS, representing tumour 
shrinkage (A), transient swelling followed by shrinkage (B), and progression (C). 1 = pre-operative tumour, 2 = tumour before Gamma 
Knife, 3 = tumour 15 months after Gamma Knife, 4 = last follow-up.

A

B

C
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patient developed communicating hydrocephalus three years 
after the combined therapy and required a ventriculoperitoneal 
shunt. One patient underwent a second surgery due to tumour 
progression. Concerning early radiation-induced toxicities, 
only one patient suffered from a temporary paraesthesia in the 
trigeminal area. This developed six years later into a trigeminal 
neuralgia, which was treated with carbamazepine.  No other 
late toxicities were seen in any of the patients.

█   DISCUSSION
The present study assessed the feasibility of managing Koos 4 
VS more conservatively by utilizing the combined approach. All 
patients had a Koos 4 VS, and suffered from complete hearing 
loss on the side of the tumour and had normal FN function. 
Therefore, the goal of surgery was to reduce the mass effect 
and preserve FN functionality by leaving some rest tumour 
around the FN. After surgery, the mean tumour volume was 
reduced from 11.64 cm3 to 4.17 cm3. GK radiosurgery within 
6 months after surgery resulted in tumour control in 91% 
of the patients with a mean follow-up of 100 months. This 
control is within the range of rates that have been published 
in studies reporting on the combined approach (79-100%) 
(7,15,22,23,39,40,41,53,58). These rates were pooled by a 
recent systematic review aiming at a better assessment of the 
efficacy of the combined approach in large VS. Two hundred 
and thirty patients with a tumour volume ranging from 1.16 to 
9.35 cm3 (at the time of the SRS) were included in the analysis, 
and the estimated overall tumour control rate was 93.9% after 
46 months (48).

To evaluate the tumour’s response after treatment, all tumours 
were delineated manually to estimate a three-dimensional 
volume. Although this method takes more time than the 
traditional two-dimensional method, it is more accurate and 
has been found to be associated with a lower inter-observer 
error (27,52). At the last follow-up after GK irradiation, tumour 
stability was reported in one patient (4%), shrinkage in 20 
patients (87%), and increase in volume in two patients (8%). 
Reducing the tumour volume allowed the GK radiosurgery to 
control residues in a comparable way to small-to-medium-
sized VS (<3 cm) when treated primarily by SRS, 92.7% 
after a mean follow-up of 51.24 months, reported by a meta-
analysis study (44). Interestingly, in our cohort five tumours 
demonstrated post-radiation growth followed by shrinkage. 
Okunaga et al. stated that a true VS progression is only 
assured if the tumour growth continues for more than two 
years (37), and more recently, Fouard et al. indicated that a 
minimum five years of follow-up is required (14). 

The challenge in VS management is that there is no specific 
method for identifying the growth rate or tumour behaviour. 
For example, a study that aimed to characterize the growth 
rate in 381 patients with small-to-medium-sized VS following 
a wait-and-scan policy reported that 32.5% had growth 
progression, 59.3% of the tumours remained stable, and 
8.1% shrank after a mean interval of 4.2 years between the 
first and last scans (34). Although no interventions were done, 
some tumours shrank. It is also known that VS may grow 
again, even after being macroscopically completely resected 

before and after surgery, tumour volume directly after GK, time 
interval between surgery and GK, and time interval between 
GK and the last follow-up. The level of significance was set 
at p-value ≤0.05, and all statistical tests were performed 
using the IBM Statistical Package for Social Science (SPSS) 
software, version 26.0.

█   RESULTS
Demographic and Treatment Data

A total of 23 patients with complete datasets were included 
in the analysis. This group consisted of 13 (57%) females and 
10 (43%) males, with a mean age of 49 (range 22-73 years). 
Prior to surgery, all patients presented with hearing loss. Other 
symptoms included ataxia, vertigo, and tinnitus. Most of the 
VS tumours (74%) were located on the left side of the brain (17 
left versus 6 on the right), and the mean tumour volume before 
surgery was 11.64 cm3 (range 4.59 – 31.02 cm3). All patients 
underwent planned partial resection, and the mean residual 
volume was 4.17 cm3 (range 1.29 – 10.99 cm3). Following 
surgery by a mean (SD) time of 6 (± 2) months, all patients 
received a marginal dose of 12- 13 Gy covering 99% of the 
tumour volume.

Tumour Control

After a mean follow-up time of 100 months (range 42–170) 
after GK, tumour control was achieved in 21 patients (91% 
control rate), and two patients showed tumour volume 
increase requiring re-operation in one (4%). Interval between 
GK radiosurgery and the progression manifestation in this 
patient was 16 months. The tumour control group showed 
two patterns of response: shrinkage in 20 patients (87%) and 
stable in one patient (4%). Five patients experienced transient 
progression after GK followed by shrinkage (Table I), (Figure 
1).

Forward Stepwise Regression

Tumour volume at the last follow-up (dependent variable) 
showed no linear relationship with any of the predictor 
variables (age, sex, tumour location, volumes before and 
after surgery, interval between surgery and GK, and interval 
between GK and the last follow-up), except with the volume 
after GK. Volume after GK accounted for 41% of the variation 
in volume at the last follow-up, and the ANOVA test indicated 
that the model was significant (p<0.001). This implies that 
overall, patients responded well to the surgical approach in 
combination with GK treatment.

Functional Preservation

Prior to surgery, all patients had a normal functioning FN (H-B 
Grade 1). These functions were maintained after surgery in all 
except one patient who had a temporary H-B Grade 3 that 
was resolved after four weeks. At the time of the last follow-
up, normal FN function was achieved in all patients.

Surgical Complications and Radiation-Induced Effects

In this cohort, no patient developed an infection, bleeding, or 
any surgical-related complication after surgery. However, one 
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reported in many articles (49). However, the FN preservation 
after total resection is highly dependent on the surgeon’s 
experience (4,33). With an increase in VS volume, the FN will 
be stretched around the tumour and become thinner, making 
it more susceptible to injury during surgery (17). A dysfunction 
in the FN may significantly influence the patient’s quality of life 
(39,43). Hence, a more conservative resection combined with 
GK radiosurgery may be considered beneficial for both the 
patient and the treating surgeon as it may ease the procedure 
for the surgeon and assure a high chance of functional 
preservation for the patient. 

The absence of post-surgical and GK complications observed 
in the current study was in accordance with previous studies on 
the combined approach. Table II indicates that complications 

(36). Moreover, it is possible for patients undergoing radiation 
therapy to develop a late transient tumour enlargement (within 
four years after being irradiated) followed by shrinkage (14,32). 
Important to note is that many factors such as inflammation, 
and angiogenesis can influence the biological behaviour and 
volumetric growth of sporadic VS (8,9). 

A key finding in the current study was the successful 
preservation of FN function in all patients (100%). This finding 
is in line with most of the previously published rates after 
the combined approach, which range from 85.7% to 100% 
(48). In literature, total resection of large VS as a treatment 
method takes up the largest number of previous publications 
and normally includes large sample sizes (49). This treatment 
preference is, mainly due to the excellent tumour control rates, 

Table I: Vestibular Schwannoma Volume Measurements in cm3 for All Patients at Four Time Points: (VT1) Before Surgery, (VT2) Before 
GK, (VT3) After GK, and (VT4) at the Last Follow-Up. Furthermore, the Disease Status and Follow-Up Duration are Displayed. *Case 2 
underwent a second operation, the pre- and post-op volumes are presented. 

Case VT1 VT2
Amount of 
resection VT3 VT4

Volume 
difference 
[VT2-VT4]

% of 
volume 

difference

Tumour 
control

Follow-
up time 

(months)

1 7.12 2.14 70% 2.05 2.36 -0.22 + 10% Stable 79

2 4.59 1.74 62% 1.87 4.51/1.24* -2.77 + 159% Progression 80

3 31.02 9.93 68% 6.35 3.06 6.87 - 69% Shrinkage 106

4 17.66 8.23 53% 7.56 6.06 2.17 - 26% Shrinkage 76

5 5.00 1.49 70% 1.30 0.15 1.34 - 90% Shrinkage 72

6 10.9 2.28 79% 1.60 0.17 2.11 - 92% Shrinkage 99

7 7.00 4.42 37% 3.55 1.88 2.54 - 57% Shrinkage 72

8 4.91 2.92 40% 4.08 3.66 -0.74 + 25% Progression 75

9 11.00 4.88 56% 5.18 2.34 2.54 - 52% Shrinkage 93

10 7.00 2.08 70% 1.44 0.44 1.64 - 79% Shrinkage 42

11 8.62 4.24 51% 3.52 2.45 1.79 - 42% Shrinkage 101

12 12.28 5.57 55% 5.88 2.28 3.29 - 59% Shrinkage 66

13 9.35 3.27 65% 1.80 1.04 2.23 - 68% Shrinkage 57

14 5.47 1.29 76% 1.00 0.34 0.95 - 74% Shrinkage 119

15 10.57 5.60 47% 5.39 2.92 2.68 - 48% Shrinkage 74

16 7.66 3.35 56% 2.74 1.92 1.43 - 43% Shrinkage 139

17 20.00 3.86 81% 1.65 0.93 2.93 - 76% Shrinkage 116

18 20.20 6.64 67% 3.76 1.13 5.51 - 83% Shrinkage 125

19 5.40 1.76 67% 1.33 0.27 1.49 - 85% Shrinkage 147

20 17.93 10.99 39% 9.40 2.62 8.37 - 76% Shrinkage 141

21 22.02 3.45 84% 2.96 1.74 1.71 - 50% Shrinkage 141

22 15.45 2.52 84% 2.69 1.01 1.51 - 60% Shrinkage 104

23 6.54 3.17 51% 6.23 0.18 2.99 - 94% Shrinkage 170
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reduce tumour volume to accommodate the radiosurgery, 
even though complete removal of the tumour would technically 
be feasible. The combined treatment reduces operation time 
as well as the degree of invasiveness, which is a plausible 
explanation for the decrease in complications. In 2011, 
Van de Langenberg et al. noted a lower number of surgical 

after partially resecting large VS are few, and may resolve with 
time or medication. Major complications (non-neurological), 
such as wound infection, cerebral spinal fluid leakage, and 
meningitis, were more frequently reported after complete 
resection (2). A main objective of surgery in this combined 
approach is to achieve brain stem decompression and to 

Table II: Data Related to Surgical Complications and Radiation-Induced Effects Following the Subtotal Resection of Large VS and 
Subsequent GK Radiosurgery, Respectively. These Data were Extracted from the 10 Studies That Followed the Combined Approach, 
Including the Current Study

Reference
Number 

of 
Patients

Surgical 
Approach Surgical Complications

Mean 
Prescribed
(marginal) 

dose, in Gy. 
(range)

Radiation-Induced Effects

Iwai et al., (23) 14 13 Retrosigmoid 
& 1 Transtentorial No complications 12.1 (10–14.1) No complications

Park et al., (40) 8 NR - 12 No complications

Yang et al., (58) 61 Retrosigmoid NR 11.8 (11-13) No complications

Fuentes et al., 
(15) 8 NR NR 12.5 (9-14) No complications

Van de 
Langenberg et 
al., (53)

50
25 Retrosigmoid 

& 25 
Translabyrinthine

 Minor complications 
include: hematoma in 2 patient, 
hydrocephalus in 2 patients, VP 

drainage in 1 patient, lumbar 
drainage in 1 patient, CN IX & X 

temporary dysfunction in 3 patients, 
CN IX & X persistent dysfunction 1 

patient, temporary abducens paresis 
in 1 patient.

 1 major complication (hemiparesis).

11 (9.4-11.9)

 H-B Grade II transient 
facial paresis in 2 patients.
 Transient trigeminal 

hypaesthesia in 1 patient.
 Persisting facial nerve 

spasms in 1 patient 
(improved with a botulinum 

toxin injections every 3 
months).

Pan et al., (39) 18 Retrosigmoid Delayed hydrocephalus in 1 patient 
required a placement of a VP shunt. 12 No complications

Iwai et al., (22) 40 Retrosigmoid

Only minor complications:
 Lung abscess due to aspiration 

pneumonia in 1 patient.
 Aseptic meningitis in 1 patient 

(treated with steroids).
 Pulmonary embolism in 1 patient.

12 (10-12)

 Transient facial spasms in 
2 patients.

 Transient trigeminal 
neuropathy in 2 patients.

All symptoms were resolved 
spontaneously.

Radwan et al., 
(41) 22 NR

 Facial numbness in 4 patients (3 
improved before radiosurgery).
 Temporary dysphagia and 

dysarthria

12.5 (12-14)
 Mild trigeminal neuropathy 

in 1 patient (last for 3 
months).

Daniel et al., (7) 32 Retrosigmoid

 Transient facial hypoesthesia 
(resolved with time)

 Transient vagus nerve deficit 
(resolved after 6 months)

12 (11-12) No complications

Present study 23 Translabyrinthine No complications 12.9 (12-13) Trigeminal paraesthesia/
neuralgia in one patient.

NR: Not reported, and the symbol “-“ indicates that there is no clear data.
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