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Summary ( 74 words) : 

The incidence of trigeminal neuropathy after vestibular schwannomas (VS) 
radiosurgery (RS) varies between 0 and 29 % across series probably due to the lack 
of Vth nerve dedicated guidelines. 
Retrospective multivariate analyses on 179 patients showed that the volume of the 
cisternal portion of the Vth nerve receiving at least 11Gy, volume of the cisternal Vth 
nerve and maximal dose to the Vth nerve nucleus and intra-axial portion should be 
precisely restricted when designing dosimetry for VS RS. 
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Abstract  (287 words): 

�

Objectives : 

 

The incidence of trigeminal neuropathy (TN) after vestibular schwannomas (VS) 

radiosurgery (RS) varies between 0 and 29 % across recent series. The lack of 

detailed guidelines regarding dosimetry in order to avoid TN after VS RS may 

account for it. The primary objective of this study is to analyze relationship between 

dosimetrical characteristics and symptoms related to TN observed after RS. 

Secondary objectives are to propose guidelines to optimize planification in VS RS 

regarding trigeminal nerve preservation and to precise the mechanism of trigeminal 

nerve impairment after VS RS. 

 

Methods and Materials :  

 

One hundred and seventy nine patients treated between 2011 and 2013 for VS RS 

and without trigeminal impairment before RS were included in a retrospective study. 

Univariate and multivariate analysis were peformed in order to determine predictors 

of TN among characteristics of the patients, the dosimetry and the VS. 

 

Results : 

 

There were 20 grade I, 99 grade II, 57 grade III and 3 grade IV KOOS. 

Fourteen patients (7.8%) presented a transitory or permanent TN. 

Between the patients with and without TN after VS RS, there was no significant 
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difference regarding dosimetry or VS volume itself. Significant differences (univariate 

analysis p<0.05, Mann-Whitney test) were found for parameters related to cisternal 

portion of the trigeminal nerve: total integrated dose, maximum dose, mean dose, 

volume of the Vth nerve (Volv), volume of the Vth nerve receiving at least 11Gy 

(VolVcist>11Gy) but also for maximal dose to the Vth nerve nucleus and intra-axial 

portion (������	
�	
). After multivariate analysis, the best model predicting TN 

included: VolVcist>11Gy (p=0.0045), ������	
�	
 (p=0,0006) and Volv. (p=0.0058).The 

negative predictive value of this model was 97%. 

 

Conclusions : 

 

VolVcist>11Gy ,������	
�	
 and Volv should be checked when designing dosimetry for 

VS RS. 
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INTRODUCTION 

Radiosurgery (RS) for selected vestibular schwannoma (VS) is a recognized 

alternative to microsurgery (MS) (1-11). For selected VS, RS should be at least as 

efficient and as safe as MS. Studies have focused mainly on facial nerve 

preservation since it may be impaired in up to 27% of cases of MS (12). Yet, any 

adverse radiation event (ARE) should be minimized for the patient’s sake and for 

justifying the use of RS vs MS. 

Trigeminal neuropathy (TN) following MS is estimated to occur in less than 2 % of 

cases (13). This is low compared to facial nerve neuropathy post MS. Yet the 

incidence of TN after VS radiosurgery varies between 0 and 29 % across series (14-

22). The lack of detailed guidelines focusing on dosimetry in order to avoid TN after 

VS radiosurgery may account for this. A recent study proposing a volume and 

dosimetric analysis in order to predict non auditory adverse radiation effects following 

radiosurgery found VS volume and maximum dose to the Vth nerve to be significant 

predictors of TN, with a threshold of 9 Gy (19). But this study did not focus on TN and 

several dosimetric parameters which may be relevant both for predicting occurrence 

of TN and understanding its mechanism were not included. Moreover, an earlier 

study for which higher treatment doses than today were used, concluded that the 

pons-petrous length of the TN was the best predictor of TN. Finally the volumes of 

VS treated by gamma knife radiosurgery tend to increase in the series reported (23-

25). So predictors of TN after VS radiosurgery should be assessed with actual 

treatment doses and sizes of treated VS, and the underlying mechanism should be 

investigated using the more detailed dosimetry planning software that now exist. For 
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instance, the total integrated dose on organs at risk, or volume of tissue receiving 

12Gy or more, have been shown to be critical for complications after radiosurgery for 

various conditions (26, 27). 

 

The primary objective of this study was to identify predictors of TN after radiosurgery 

for VS. Secondary objectives were to propose guidelines regarding dosimetry in 

order to avoid TN, and to specify the mechanisms by which TN may occur after 

radiosurgery for VS. 

 

 

 

MATERIAL & METHODS 

 

1. Patients 

 

Between 2011 and 2013, 179 patients presenting without TN before radiosurgery 

were treated by GK for vestibular schwannoma and were included in this 

retrospective study. They all completed at least 20 months of clinical and radiological 

follow-up, scheduled at 1, 6 and 12 months post radiosurgery, and then annually.  

 

 

2.  Analysis variables 
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The patient variables included: age, gender, body mass index, diabetes, 

hypertension, thrombosis, hypercholesterolemia, chronic inflammatory disease, 

cancer, migraine, antiagregant or anticoagulant treatment.    

 

The dosimetric variables regarding the cisternal portion of the trigeminal nerve 

included: pons-petrous length and volume of the trigeminal nerve, integrated, 

maximum, minimum, mean doses received by the trigeminal nerve. Several 

parameters were expressing volume of a given organ-at-risk receiving specific doses 

(6, 8, 10, 11, 12 Gy) as determined by dose-volume histogram. 

 

 

The dosimetric variables regarding the estimated intra-axial portion of the trigeminal 

nerve included: volume, maximum, minimum, mean doses received, volumes 

receiving at least 10, 11, 12, 13 Gy.  

The estimated intra-axial portion of the trigeminal nerve was 1) thought to be smaller 

than the volume of the cerebral trunk, which is usually used in studies as a gross 

estimation of the intra-axial portion of the trigeminal nerve, in order to increase 

sensitivity and specificity of this parameter, 2) drawn large enough in order to include 

the intra-axial portion of the Vth nerve and its somatosensory nucleus. 

The region of interest (ROI) was defined by using a combination of anatomical 

landmarks (28, 29, 30) and individual anatomical analysis in magnetic resonance 

imaging studies. In the absence of registration between the anatomical and imaging 

data, these limits were large enough to ensure the reliability of the method. The ROI 

was centered on intra-axial path of the trigeminal nerve visible on an axial plane of 

the pons.  
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• The medial boundary was traced by a straight line connecting a ventral point, 

medial to the emergence of the trigeminal nerve and a dorsal point medial to the 

abducens nucleus in the floor of the fourth ventricle. 

• The lateral boundary, parallel to the previous one, was traced rostrally from the  

cerebellopontine junction. 

Among the internal structures, it included rostrocaudally the following structures: the 

pontocerebellar fibers (Pcb), the lateral Lemniscus (ll), the spinothalamic tract of the 

pons (stp), the motor nucleus of the trigeminal nerve (Mo5),  the mesencephalic 

nucleus (Me5) and caudally the principal sensory nucleus of the of the trigeminal 

nerve, the tegmental central tract (ctg ), the dorsal trigeminal tract (d5), the medial 

longitudinal tract (MLF) and the dorsal longitudinal fasciculus (dlf) and caudally the 

abducens nucleus. 

All the contours were drawn by SS, resident, and CAV, senior neurosurgeon. 

Dosimetric variables regarding the VS included: volume, maximum diameter parallel 

to the petrous bone, integrated, maximum, minimum, mean doses received, number 

of shots, gradient PIV25/PIV50, conformity, selectivity and Paddick indexes. 

 

3.  Dosimetry 

 

Dosimetry was designed with Gammaplan software. RS was performed using a 

Leksell frame and an Elekta Gamma-knife. The prescribed dose at the 50% isodose 

was 12 Gy except for cases with useful hearing when a slighly lower dose (min 11 

Gy) could achieve hearing preservation. 

Treatments were co-defined on both stereotactic CT and stereotactic contrast 

enhanced MRI. Sequences were1.5-mm section T1 co-registered with FIESTA  
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(Figure 1). After delineation of the tumor and organs at risk (OAR), dosimetry was 

carried out, taking into account selectivity, coverage, gradient index, maximum doses 

to OAR. 

 

4.  Trigeminal neuropathy post radiosurgery  

 

At each out-patient clinic, patients were asked for subjective signs of TN that were 

transitory or still present. Objective signs that were looked for were facial 

hypoesthesia, paresthesia or pain. Dates of beginning, end and evolution of these 

clinical signs were recorded. BNI facial numbness scale was used (31).  

 

5.  Statistical analysis 

 

Descriptive statistics used means and ranges, or medians and ranges, for 

quantitative variables, and numbers and percentages for qualitative variables. 

Predictors of post radiosurgery TN were assessed by a univariate analysis with 

Mann-Whitney tests for quantitative variables and with chi2 tests or Fisher’s exact 

tests for qualitative variables. Multiple comparaisons were addressed by a Bonferoni 

protection. 

A predictive risk of post radiosurgery trigeminal neuropathy was determined using a 

multivariate logistic model. Variable selection was based upon a cross-validation 

controlled lasso logistic regression, in order to take into account correlations between 

potential predictors. The final multidimensional logistic predictive model was based 

on the selected variables which were entered in a stepwise forward model-building 
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procedure. The volume and the size of the lesion, two variables described elsewhere 

as predictive, were added to all tested models. 

The model discrimination power was described by a ROC curve and the model 

calibration was assessed by Hosmer and Lemeshow method, that is a plot of 

predicted and observed proportions of neuropathy in each estimated decile of risk. 

Point estimate and 95% confidence interval of the area under the ROC curve were 

based on Unrestricted Random Sampling bootstrap. All computations were carried 

out using macros R and the SAS V9.3 statistical package. 

 

 

RESULTS 

 

1.  Sample characteristics (Supplementary Table 1) 

 

89 (49.8%) women and 90 (50.2%) men were included. Mean age at treatment was  

62 years (range, 17-87).  

There were 20 (11.2%) grade I, 99 (55.3%) grade II, 57 (31.8%) grade III, 3 (1.7%) 

grade IV Koos. 

There were 19 (11.4%) grade I, 65 (38.9%) grade II, 47 (28.1%) grade III, 22 (13.2%) 

grade IV and 14 (8.4%) grade V GR. 

Mean and median tumor diameters were respectively 12 and 12.3  mm (range 3.7-

25.2 mm). Mean and median tumor volumes were respectively 1092 and 922 mm^3 

(range, 63.2-6460 mm^3). 

Median follow-up was 31.9 months (range 20-48 months). 
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Control rate was 93.3 % (41.3 % VS size decrease on last MRI, 52% VS size stability 

on last MRI, 6.7% VS size increase on last MRI). T2 signal changes were seen in the 

brainstem in two cases, but none of them developed TN. 

2. Trigeminal neuropathy post radiosurgery (Table 1)

TN developed in 14 patients (7.8 %) after radiosurgery for VS. 

It was transitory in 7 (50%) cases, and permanent in 7 (50%) cases. 

For transitory cases, it started 6.3 months (range, 1-13) and ended 13.8 months 

(range, 12-17) after RS. Median duration of symptoms was 7 months. There were 

respectively 1 (14.3%), 4 (57.1%), 2 (28.6%) cases of hypoesthesia, paresthesia or 

pain. 

For permanent cases, it started 4.5 months (range, 1-6) after RS. There were 

respectively 5 (71.4%), 1 (14.3%), 1 (14.3%) cases of hypoesthesia, paresthesia or 

pain respectively. The median of last check-up time and duration of symptoms were 

respectively 38 months after radiosurgery, and 34 months. The patients with 

hypoesthesia did not receive any treatment. The patients with paresthesia and pain 

were treated respectively by laroxyl and rivotril, with a mild efficacy for the first one, 

and a fair efficacy for the latest one. 

Using BNI facial numbness scale, among transitory cases, there were 5 cases with 

score 2 (71.4%), 2 cases with score 3 (28.6%), and among permanent cases, there 

were 5 cases with score 2 (71.4%) and 2 cases with score 3 (28.6%). 
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There were 151 patients for whom VS was not impinging on the root entry zone : 

they developed 10 TN, so 6.6% of these cases. Among the 28 patients for whom VS 

was impinging on the root entry zone, 4 TN occured, i.e. in 14.2% of these cases. 

 

 

3.  Predictors of trigeminal neuropathy post radiosurgery according to 

univariate analysis 

  

On univariate analyses, several variables were predictors of TN after radiosurgery for 

vestibular schwannoma, including inflammatory diseases, and cancers (Table 2).  

No variable related to the treated schwannoma itself was a predictor of TN. Vascular 

accidents or common cardiovascular risk factors were not predictors either. 

After Bonferoni correction for multiple comparisons, only volume of the cisternal 

portion of the Vth nerve receiving at least 12 Gy remained a significative predictor of 

TN after radiosurgery for vestibular schwannoma. 

 

4.  Predictors of trigeminal neuropathy post radiosurgery according to 

multivariate analysis 

 

Multivariate analysis  provided a model including three variables, in addition to 

volume and size of the lesion : volume of the cisternal portion of the Vth nerve 

receiving at least 11 Gy (VolVcist>11Gy) (p= 0.0045), maximum dose on the Vth nerve 

nucleus and Vth nerve-intraxial portion (Dose maxVax) (p=0.0006) and volume of the 

cisternal portion of the nerve (Volv) (p=0.0058) (Table 3). 
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The p-value of the Hosmer and Lemeshow test is 0.78, which corresponds to good 

model fit. 

According to the results showed on Table 3, we can compute the probability of 

occurrence of TN by the logistic model. 

The ROC curve is displayed in figure 2. Its AUC is 0.89. We obtained 0.89 (0.80 

0.97) as bootstrap point and 95% confidence interval estimates for this AUC. An 

optimal threshold was computed by maximization of the (Sensitivity + Specificity) 

criterion. The optimal threshold score value is -2.3. With this threshold, the diagnostic 

parameters values are: Sensitivity = 0.714, specificity = 0.867, positive predictive 

value = 0.313, negative predictive value = 0.973. 

DISCUSSION 

After multivariate analysis on a series of 179 patients, we were able to determine the 

three most relevant predictors of TN after radiosurgery for VS: volume of the cisternal 

portion of the Vth nerve receiving at least 11 Gy,  maximum dose on a “region at risk” 

including both the Vth nerve nucleus and the intra-axial portion of the Vth nerve and 

volume of the cisternal portion of the Vth nerve. 

Our model offers a negative predictive value as high as 0.97. Dose the cisternal 

portion of the Vth nerve should receive on a limited volume is 11 Gy. This dose is in 

the range of doses usually considered to be deleterious for cranial nerves in general 

(19, 21, 2, 16). 

TN after radiosurgery for VS was rather low (7.4%) in our series including 1.7% 

grade IV Koos schwannomas. More precisely, the rate of permanent neuropathy was 



ACCEPTED MANUSCRIPT

� ��

3.9 %. Moreover, there is a current trend to treat larger VS with radiosurgery. So 

these new guidelines with high negative predictive value may be helpful for clinicians. 

 

To our knowledge no study has ever focused on studying predictors of TN alone after 

radiosurgery for VS. Other non-auditory complications of radiosurgery have been 

reported in previous papers. But these studies did not consider the analysed 

variables we included, focusing on potential mechanisms of TN after radiosurgery. In 

addition, some of the previous studies were carried out at a time when prescribed 

doses were higher, dosimetry planning software did not enable all the computations 

we could perform in this study, and neuroimaging did not enable proper visualisation 

of the Vth nerve (32, 16). The Vth nerve is thicker than the VIIth or VIIIth nerve: for 

this reason, considering only maximal dose on the Vth nerve may not have been as 

relevant as for the other nerves. That is why we decided to study not only the length 

of the nerve, but also the volume of the Vth nerve, as suggested by Linskey (32). 

What is more, the Integrated dose represents the whole dose delivered to a certain 

amount of tissue. Measurement of this parameter is available on dosimetric software 

and has been successfully linked to hearing outcome after radiosurgery for VS (26). 

For a thick nerve such as the Vth, a moderate dose delivered to huge amount of 

tissue may be as deleterious as a high dose to a limited portion of a thin nerve.  

As a matter of fact, we delineated the cisternal portion of the Vth nerve on FIESTA 

sequences, and we found this volume and a parameter linked to both integrated dose 

and to volume of an organ at risk receiving this dose, i.e. the volume of the cisternal 

Vth nerve receiving at least 11 Gy, to be significantly linked to occurrence of TN in 

multivariate analysis. On the contrary, maximum dose was not correlated with TN. 
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The Vth nerve, because of its structure, may therefore behave as an organ at risk 

organized in a parallel structure and not in a serial structure. 

 

In addition, central myelin of the intra-axial portion of the trigeminal nerve is followed 

by peripheral myelin surrounding the cisternal portion of the trigeminal nerve. 

Respective radiosensitivity of these structures may differ significantly.  

With current MRI sequences, an exact segmentation of the Vth nucleus and its intra-

axial portion is impossible. Previous studies (19, 2) have therefore considered dose 

delivery on the whole brainstem. With current prescription doses, it has not been 

possible to highlight a possible relationship between occurrence of TN and dose to 

the brainstem. One possible explanation may be that using a too large volume, 

including the Vth nerve nucleus and the Vth nerve intra-axial portion, may decrease 

sensitivity. We successfully decided to restrict our computations to a smaller volume 

of interest still including the Vth nerve nucleus and the Vth nerve intra-axial portion 

according to histological atlases in order to better illustrate the deleterious effect of 

radiation on these structures. 

Unlike other studies (17-19), we did not find a significant relationship between size or 

volume of the lesion and risk of Vth nerve neuropathy. This discrepancy may have 

been due to anatomical considerations such as cisternal size, distance between 

schwannomas and Vth nerve or brainstem and the fact that our study is the one with 

the smallest average and median tumor volumes published in the literature dealing 

with TN. The dose delivered to the cisternal Vth nerve is probably not only correlated 

to the prescribed dose to the tumor and to the tumoral volume : the surface of the 

« contact » nerve-tumor may also be an important factor, as suggested by Linskey et 
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al (32). No study ever proposed a parameter quantifying distance between 

schwannomas and a given organ at risk.  

 

Our results may provide clues about structures and mechanisms involved in the TN 

after radiosurgery for VS. Acute interruption of neuronal fibers per se may not be the 

most important mechanism, since the median delay between treatment and 

occurrence of neuropathy was relatively short. On the other hand, a vascular 

mechanism may be involved. That is why our study considered the possible role of 

the general medical history of patients in the occurrence of TN after gamma knife 

radiosurgery for VS. Classic cardiovascular risk factors were not found to be 

significant predictors of TN according to univariate analysis, but patients with such 

factors were treated with antiagregants or anticoagulants. Nevertheless, histories of 

cancer or inflammatory vascularitis were shown to be significant predictors of TN 

according to univariate analysis. This may indicate a vascular component in the 

mechanism of occurrence of TN after radiosurgery for VS. This is in agreement with 

the hypotheses formulated by Linskey et al. in 1993 and animal experimentations 

(33-35): segmental demyelination and ischemic neuropathy may be crucial. The 

influence of individual genetic radiosensitivity on occurrence of TN could not be 

assessed in our study. What is more, another mechanism for TN to occur post VS 

radiosurgery could be decompensation of physical compression of the trigeminal 

nerve by the VS. But only 14.2% of cases where VS was impinging on the root entry 

zone developed trigeminal neuropathy.  

 

Limitations of the study are low number of patients with TN after radiosurgery for VS, 

poor visualization of the intra-cisternal portion of the Vth nerve in grade III-IV VS 
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where it is compressed along the brainstem by the tumor and impossible precise 

segmentation of the Vth nerve nucleus and the Vth nerve intra-axial portion. 

Development of very high field MRI sequences for anatomical imaging and diffusion 

weighted imaging with tractography reconstruction might be of interest to study the 

role of radiations on the intra-axial portions and nuclei of various cranial nerves. 

Moreover, model discrimination power could not be validated by splitting the sample 

into a training and testing set because of the limited number of cases. 

 

 

 

CONCLUSION  

 

The volume of the cisternal portion of the Vth nerve receiving at least 11 Gy, the 

volume of the cisternal portion of the Vth, and the maximum dose on the Vth nerve 

nucleus and the intra-axial portion of the Vth nerve, as defined in our study, are good 

predictors and indicators of possible mechanisms of TN after radiosurgery for VS. 

They should be taken into account in dosimetry guidelines for radiosurgery when 

treating VS. 
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Supplementary Table 1: Sample characteristics 

 

 

FIGURES DESCRIPTION 

 

Figure1: 

     MRI FIESTA axial (a) and sagittal (c) slices of brainstem showing the cisternal 

protion of the Vth nerve (orange), the vestibular schwannoma (red), the 50% isodose 

with 11 Gy prescription dose (yellow), the region at risk including the Vth nerve 

nucleus and the Vth nerve intra-axial portion (green) and the VIIth nerve (pink). 
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     Atlas axial slice of the brainstem (b), centered on the motor of the Vth nerve. In 

black is drawn the region at risk including the Vth nerve nucleus and the Vth nerve 

intra-axial portion. csp : corticospinal tract, ctg : tegmental central tract, d5 : dorsal 

trigeminal tract, dlf : dorsal longitudinal fasciculus, ll : lateral Lemniscus, m5 : motor 

root of the trigeminal nerve, mcp : middle cerebellar peduncle, Me5 : mesencephalic 

nucleus of the trigeminal nerve, me5 : mesencephalic tract of the trigeminal nerve, ml 

: médial lemniscus, MLF : medial longitudinal tract, Mo5 : motor nucleus of the 

trigeminal nerve, Pcb : pontocerebellar fibers, Pn : pontine nuclei, Pr5 : principal 

sensory nucleus of the trigeminal nerve, PRF : pontine reticular formation, rs : 

rubrospinal tract, s5 : sensory root of the trigeminal nerve, scp : superior cerebellar 

peduncle, sctv : ventral spinocerebellar tract, sp5 : spinal trigeminal tract, stp : 

spinothalamic tract of the pons, SUV : superior vestibular nucleus,  v5 : ventral 

trigeminal tract.  

Figure 2: 

ROC curve for the model of prediction of Trigeminal Neuropathy after radiosurgery 

for Vestibular Schwannomas 
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Table 1 : Characteristics of patients with trigeminal neuropathy post gamma-
knife radiosurgery for vestibular schwannoma 
 
 
 

Analysis Variable Value 

Number of patients with Trigeminal Neuropathy (TN)  14 

Number of patients Koos II with TN 6 

Number of patients Koos III with TN 8 

Number of transitory TN (TTN) 7 

 Number of  permanent TN (PTN) 7 

Mean onset of TTN (months) 6.3 

Mean end of TTN (months) 13.8 

Number of patients with TTN having Hypoesthesia 1 

Number of patients with TTN having Paresthesia 4 

Number of patients with TTN having Pain 2 

Mean onset of PTN (months) 4.5 

Number of patients with PTN having Hypoesthesia 5 

Number of patients with PTN having Paresthesia 1 

Number of patients with PTN having Pain 1 

  

Number of patients with TTN having BNI score = 2          5 

Number of patients with TTN having BNI score = 3          2 

Number of patients with PTN having BNI score = 2          5 

Number of patients with PTN having BNI score = 3          2 
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Table 2 : Predictors of trigeminal neuropathy post gamma-knife radiosurgery 
for vestibular schwannomas- univariate analysis  
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Table 3. Predictive model of risk* of trigeminal neuropathy post radiosurgery 
for vestibular schwannomas. 

Variable Estimate Std.err OR [95% CI] p-value 

(Intercept) -7.87 2.4184 0.001 

Maximum dose in 

the intra-axial 

portion (Gy), Dose 

maxVax 0.42 0.12 1.525 [1.200 - 1.939] 0.0006 

Volume of the 

nerve receiving at 

least 11 Gy in the 

cirsternal portion 

(mm
3
), Volvcis>11Gy 1.16 0.41 3.186 [1.433 - 7.080] 0.0045 

Volume of the 

cisternal portion 

(mm
3
), Volv 0.06 0.022 1.062 [1.018 - 1.109] 0.0058 

Volume of 

schwannoma 

(mm
3
) -0.00025 0.000682 0.9998 [0.998 - 1.001] 0.72 

Antero-posterior 

diameter (mm) -0.2223 0.1844 0.801 [0.558 - 1.149] 0.23 
67�	�8����9��)�3	$���
:�;�!(����+�����2� +�	�����	��) �$�!�
<�
4$���83'.�9���%�	����2��9���Volvcis>11Gy�9����Volv�3�������2� +������	$(;�������=����������!���
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