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OBJECTIVE Gamma Knife radiosurgery (GKRS) has emerged as a promising treatment modality for patients with 
classical trigeminal neuralgia (TN); however, considering that almost half of the patients experience post-GKRS failure 
or lesion recurrence, a repeat treatment is typically necessary. The existing literature does not offer clear evidence to 
establish which treatment modality, repeat GKRS or microvascular decompression (MVD), is superior. The present study 
aimed to compare the overall outcome of patients who have undergone either repeat GKRS or MVD after failure of their 
primary GKRS; the authors do so by conducting a systematic review and meta-analysis of the literature and analysis of 
data from their own institution.
METHODS The authors conducted a systematic review and meta-analysis of the PubMed, Cochrane Library, Web of 
Science, and CINAHL databases to identify studies describing patients who underwent either repeat GKRS or MVD 
after initial failed GKRS for TN. The primary outcomes were complete pain relief (CPR) and adequate pain relief (APR) 
at 1 year. The secondary outcomes were rate of postoperative facial numbness and the retreatment rate. The pooled 
data were analyzed with R software. Bias and heterogeneity were assessed using funnel plots and I2 tests, respectively. 
A retrospective analysis of a series of patients treated by the authors who underwent repeat GKRS or MVD after post-
GKRS failure or relapse is presented.
RESULTS A total of 22 studies met the selection criteria and were included for final data retrieval and meta-analysis. 
The search did not identify any study that had directly compared outcomes between patients who had undergone repeat 
GKRS versus those who had undergone MVD. Therefore, the authors’ final analysis included two groups: studies de-
scribing outcome after repeat GKRS (n = 17) and studies describing outcome after MVD (n = 5). The authors’ institution-
al study was the only study with direct comparison of the two cohorts. The pooled estimates of primary outcomes were 
APR in 83% of patients who underwent repeat GKRS and 88% of those who underwent MVD (p = 0.49), and CPR in 
46% of patients who underwent repeat GKRS and 72% of those who underwent MVD (p = 0.02). The pooled estimates 
of secondary outcomes were facial numbness in 32% of patients who underwent repeat GKRS and 22% of those who 
underwent MVD (p = 0.11); the retreatment rate was 19% in patients who underwent repeat GKRS and 13% in those who 
underwent MVD (p = 0.74). The authors’ institutional study included 42 patients (repeat GKRS in 15 and MVD in 27), and 
the outcomes 1 year after retreatment were APR in 80% of those who underwent repeat GKRS and 81% in those who 
underwent MVD (p = 1.0); CPR was achieved in 47% of those who underwent repeat GKRS and 44% in those who un-
derwent MVD (p = 1.0). There was no difference in the rate of postoperative facial numbness or retreatment.
CONCLUSIONS The current meta-analysis failed to identify any superiority of one treatment over the other with com-
parable outcomes in terms of APR, postoperative facial numbness, and retreatment rates. However, MVD was shown to 
provide a better chance of CPR compared with repeat GKRS.
https://thejns.org/doi/abs/10.3171/2018.5.JNS18583
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Gamma Knife radiosurgery (GKRS) has emerged 
as a promising treatment modality in classical tri-
geminal neuralgia (TN) because of its minimally 

invasive nature, pain response rates comparable to micro-
vascular decompression (MVD), and low risk of periop-
erative and postoperative morbidity. Although MVD has 
traditionally been shown to be superior to GKRS in terms 
of the degree and duration of pain relief, GKRS is a great 
treatment option in patients who are elderly, poor surgi-
cal candidates, and have no clear vascular compression on 
imaging studies.2,27

GKRS has been shown to be more effective when used 
as a primary treatment rather than a salvage procedure.10,24 
Therefore, in many centers GKRS is still practiced as 
the primary treatment based on both patient and physi-
cian preference. However, considering that almost half of 
the patients have recurrent TN following GKRS, a repeat 
treatment will be necessary in many patients. The existing 
literature does not offer clear evidence on which treatment 
modality, GKRS or MVD, is superior in the treatment of 
recurrent TN in patients first treated with GKRS.

This combined systematic review and meta-analysis is 
the first in the neurosurgical literature to evaluate which 
treatment modality, GKRS or MVD, is superior in the 
treatment of recurrent TN in patients first treated with 
GKRS. In addition, the authors have analyzed and pre-
sented their own series of patients with a direct compari-
son of outcomes.

Methods
Systematic Review and Meta-Analysis

We performed a systematic review of the literature to 
identify studies describing outcome in patients with ini-
tial failure or recurrence after GKRS who were treated 
with either MVD or repeat GKRS. A detailed protocol 
about the inclusion and exclusion criteria, search strat-
egy, and statistical methods was prepared. The PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis) guidelines were implemented.

Literature Search Strategy
Electronic searches were performed using PubMed, 

Cochrane Library, Web of Science, and CINAHL databas-
es. All the published articles and abstracts were searched 
from their dates of inception to January 2018 for both 
English and non–English language literature. A detailed 
independent search was made with the search manager 
using a combination of the following key terms or MeSH 
terms: “trigeminal neuralgia,” “gamma knife,” “radio-
surgery,” “stereotactic,” “microvascular decompression,” 
“surgery,” “failure,” “repeat,” “refractory,” “retreatment,” 
“recurrence,” and their synonyms. Two investigators 
(D.P.P., A.R.S.) performed the literature search. A com-
puterized web search was carried out for any unpublished 
article or abstract using the same keywords. All the titles 
and abstracts were reviewed after removing the duplicates. 
Relevant articles were identified and the full texts were 
reviewed independently by two reviewers (R.H.D., V.N.). 
A mismatch was clarified by mutual consensus.

Inclusion and Exclusion Criteria
Studies describing patients who underwent either 

GKRS or MVD after initial failed GKRS for idiopathic 
TN were included. Studies describing patients with TN or 
atypical facial pain arising from tumor or other intracrani-
al lesions were excluded. Individual case reports or small 
case series describing fewer than 5 patients were excluded. 
Abstract-only articles and conference proceedings with-
out full-text publications were excluded. Studies describ-
ing the same cohort of patients in different publications 
were identified, and data from the most recent published 
article were collected. Age, country of origin, and racial 
factors were not factors for exclusion.

Outcome Measures and Definitions
The primary outcomes evaluated were complete pain 

relief (CPR) at 1 year and adequate pain relief (APR) at 1 
year. The secondary outcomes were rate of postoperative/
post-GKRS numbness (of any grade) and the retreatment 
rate. Other information regarding mean follow-up time, 
median time interval between subsequent treatments, and 
median dose of GKRS at first and second treatment was 
collected. CPR was defined as complete pain relief with-
out any medication. APR was defined as adequate control 
of pain (more than 50%) with or without medications. The 
definitions of CPR and APR using different scales as de-
scribed by different studies have been outlined in Table 
1. The time of assessment of pain relief varied among 
studies. In several studies that described pain outcomes 
at different time intervals, the pain responses at 1 year 
were used in the analysis. In other studies, we referred 
to the mean follow-up time, and since all of the studies 
have mean follow-up times exceeding 1 year, we assumed 
the described pain outcome to be nearly consistent with 
an outcome of at least 1 year. Postoperative numbness 
was defined as any new or increased numbness after re-
peat GKRS or MVD. Bothersome numbness was defined 
as Barrow Neurological Institute (BNI) numbness scale 
score of 2 or the equivalent on another scale. A need of 
further treatment (of any form) after the repeat GKRS or 
MVD was considered to be retreatment. Corresponding 
authors of the studies were contacted by email communi-
cations for any missing outcome values.

Assessment of Bias and Study Heterogeneity
All the abstracts and full-text articles, after removing 

duplicates, were reviewed independently by two reviewers 
to eliminate selection bias. We did not find any random-
ized controlled trials on the topic of interest. As all the 
studies were either retrospective or prospective observa-
tional studies, the quality scoring of the included studies 
was done by two independent reviewers (D.P.P., A.R.S.) 
according to the review checklist of the Dutch Cochrane 
Center proposed by MOOSE. Inclusion criteria in all stud-
ies were carefully reviewed to identify any treatment bias. 
The final results were reviewed by the senior reviewer 
(A.N.). Funnel plots for primary outcomes for both GKRS 
and MVD were created, and the significance of plot asym-
metry was calculated with Eggers test using a mixed-ef-
fects meta-regression model. Study heterogeneity for each 
analysis was calculated using the Cochran Q and I2 test.
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Statistical Analysis
We did not identify any study (excluding our own 

study) that offered a head-to-head comparative analysis 
of both the treatment arms. Therefore, our meta-analysis 
concentrated on combining the outcome measures from 
individual studies to provide a pooled estimate. A meta-
analysis of proportions was conducted with R software 
version 3.4.3 with RStudio using the “metaphor,” “meta,” 
and “ggpubr” packages. For the outcome groups that con-
tained proportions that were not symmetrically distrib-
uted (values containing less than 0.2 or more than 0.8), a 
logit transformation was applied. A double arcsine trans-
formation was applied for proportions containing 1.0 or 
0.0. As significant heterogeneity was expected among the 
included studies, the transformed proportions were com-
bined using DerSimonian-Laird random-effects models 
and subsequently back transformed to get the pooled es-
timates. To identify the outlier studies that might have in-
fluence on effect size, Baujat plots were created for each 
outcome measure. Screening for externally studentized 
residuals was done, and studies with absolute values more 
than 2 were excluded to get an estimate of the effect with-
out outliers. Forest plots were created to get the summary 
of proportions with both fixed-effect and random-effects 
models. An independent-sample t-test was conducted to 
compare the means between the two treatment arms; p < 
0.05 was considered significant.

Retrospective Review of Our Own Series
We retrospectively analyzed data obtained in our pa-

tients who underwent repeat GKRS or MVD after failure 
or relapse from previous GKRS at our institute between 
January 2000 and June 2016. We excluded patients who 
received any other modality of treatment between the 
two treatments. We also excluded patients with multiple 
sclerosis, neuropsychiatric disorders, and other causes of 
secondary facial pain. The median prescription doses for 
the primary and repeat GKRS were 80 Gy and 40 Gy, re-
spectively, using a 4-mm collimator. Although there were 
no strict selection criteria for repeat treatment options, pa-
tients who had no initial response to primary GKRS were 
preferably managed with MVD; however, equal weightage 
for both treatment arms was given in patients with prior 
response to primary GKRS. Data on the presence of vas-
cular conflict were obtained from preoperative MRI in 
GKRS-treated patients and from the operative notes in the 
MVD-treated patients. Of note, the presence or absence of 
vascular conflict was not an absolute criterion in patient 
selection in our institute. Pain outcome was assessed using 

the 5-point modified Marseille scale at 3-month, 6-month, 
1-year, and 2-year intervals when available.

Results
Systematic Review and Meta-Analysis

A total of 381 articles and abstracts were identified 
through electronic database and web search after remov-
ing the duplicates. After removing the nonrelevant articles 
based on the titles and abstracts, a total of 40 articles were 
reviewed in full text. After careful evaluation, a total of 
22 articles were selected for data retrieval and final analy-
sis.3,5–8,11–16,18–23,25,26,28–30 Our search failed to identify any 
study that had directly compared the outcome between 
repeat GKRS and MVD in patients with prior GKRS fail-
ure. Therefore, for purposes of analysis, we grouped the 
studies into two groups: the first group included studies 
describing outcome after repeat GKRS (n = 17) and the 
second group included studies describing outcome after 
MVD (n = 5). We also included the findings of our study, 
which was the only one containing a direct comparison 
between the two patient cohorts. The PRISMA protocol 
followed is depicted in Fig. 1.

Study Characteristics
All the studies were retrospective observational stud-

ies except 2, which were prospective. The majority of the 
studies had patients with idiopathic TN (including patients 
with typical and atypical pain). Three studies had a small 
proportion of patients with associated multiple sclerosis. 
The BNI pain score was the preferred pain outcome mea-
sure scale and was described in 11 studies. Other meth-
ods of pain outcome assessments were the excellent/good/
fair/poor (EGFP) scale (5 studies) and Marseille scale (3 
studies). A comparison of the different scales is shown in 
Table 1. The total number of patients in the first group (re-
peat GKRS) was 640 and that in the second group (MVD) 
was 147. The median follow-up in the first group was 25.8 
months (range 10–64.5 months), and that in the second 
group was 28.5 months (range 21–46 months). The median 
prescription doses in the first and second GKRS proce-
dures were 77.8 Gy (range 73.4–90 Gy) and 70 Gy (range 
40–90 Gy). Most of the studies used nearly the same or a 
slightly reduced dose in the second GKRS procedure, ex-
cept in 6 studies (including our study), where the dose was 
reduced nearly up to half.3,4,7,14,22,29 The median intervals 
between the first and second treatment in the repeat GKRS 
group and the MVD group were 18 months (range 8–72 
months) and 20 months (range 7–45 months), respectively.

TABLE 1. Comparison of pain outcome scales used across studies

Current Analysis BNI Pain Score (modified) Marseille Score (modified) EGFP Score

CPR I: no pain, no meds I: no pain, no meds Excellent: no pain, no meds

APR
II: occasional pain, no meds II: no pain w/ meds Good: no pain, reduced meds
IIIa: no pain w/ meds III: ≥90% pain relief

Fair: significantly less pain requiring fewer meds
IIIb: some pain controlled w/ meds IV: ≥50% pain relief

Failure IV/V: pain not controlled w/ meds V: <50% pain relief Poor: no significant change in pain relief

meds = medications.
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Outcome Analysis
Pain Response. The overall estimates of APR 1 year 

after repeat GKRS and MVD were 83% (I2 = 66%, p < 
0.01) and 88% (I2 = 70%, p < 0.01), respectively (Fig. 2). 
The overall estimates of CPR 1 year after repeat GKRS 
and MVD were 46% (I2 = 84%, p < 0.01) and 72% (I2 = 
85%, p < 0.01), respectively. Revised estimates after re-
moving the outlier studies identified by the Baujot plots 
were not significantly different (Table 2, Supplementary 
Figs. 1 and 2). A pooled analysis using an independent-
sample t-test comparing outcomes in both treatment arms 
showed no significant difference in APR rates (p = 0.49, 
95% CI -0.16 to -0.08). However, the difference in the 
CPR rates was statistically significant (p = 0.02, 95% CI 
-0.46 to -0.04) (Table 2).

Postoperative Numbness and Retreatment Rates. The 
overall estimates of postoperative facial numbness (of any 
degree) after repeat GKRS and MVD are 32% (I2 = 82%, 
p < 0.01) and 22% (I2 = 46%, p = 0.10), respectively (Fig. 
3). The rate of bothersome numbness (BNI score III or 
more) after repeat GKRS was 3% and that after MVD was 

4%. The retreatment rate was estimated to be 19% (I2 = 
61%, p < 0.01) after repeat GKRS, and that after MVD was 
13% (I2 = 73%, p = 0.01). Revised estimates after removing 
the outlier studies identified by the Baujot plots were not 
significantly different (Table 2, Supplementary Figs. 1 and 
2). The comparative analysis did not find any significant 
difference between repeat GKRS and MVD in the overall 
rates of postoperative numbness (p = 0.11, 95% CI = -0.02 
to 0.24), bothersome numbness (p = 0.31, 95% CI -0.07 to 
0.02), and retreatment rates (p = 0.74, 95% CI = -0.21 to 
0.27) (Table 2).

Quality of Studies and Publication Bias
The reporting rate of the APR in the included studies 

was 100% for both groups. The CPR reporting rate was 
100% for the MVD group, whereas it was 94% for the 
GKRS group. Similarly, the reporting rate of facial numb-
ness was 100% for both groups, whereas the reporting rate 
of retreatment was only 67% in both groups. Thus, over-
all, the reporting rate of all the outcomes was consistent 
among the studies except for retreatment rates. Heteroge-

FIG. 1. PRISMA protocol for the included studies.
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neity was an expected concern among the studies, which 
led us to include slight variations in the statistical meth-
ods. From the quality scoring using the MOOSE check-
list, it was evident that the included studies satisfy all the 
quality criteria except for one (identification of prognostic 
factors and important confounders). The funnel plots with 
Egger’s test did not identify any significant publication 
bias for reporting of primary outcomes, except for APR in 
the MVD group (Fig. 4).

Assessment of Treatment Bias
We systematically evaluated the presence of bias in se-

lecting patients for a particular treatment arm. It is plau-
sible that patients who are old or unfit for surgery are natu-
rally selected for GKRS, and similarly patients who did 
not have a response after initial GKRS are selected for 
MVD. However, the patient cohorts in the included studies 
were quite heterogeneous, and the majority did not report 

any specific selection criteria. All the studies in the MVD 
group included patients irrespective of prior response to 
GKRS. In the repeat GKRS group, half the studies had 
no clear mention of their selection criteria, two included 
patients who were not surgical candidates, and only three 
studies had categorically included patients who had a prior 
response. Therefore, it is evident that a treatment bias ex-
isted in a few studies, but the bias was not applicable to all.

Our Institutional Study
A total of 198 patients with idiopathic TN were treated 

with primary GKRS in the study period. Of these, 42 pa-
tients required repeat treatment (repeat GKRS 15; MVD 
27) due to failure or relapse and were included in our 
analysis. The mean age of the patients was 59 years, and 
the male to female ratio was 1:2. Data on the presence of 
vascular conflict could be obtained in 9 of the GKRS and 

TABLE 2. Summary of overall estimates of outcome rates

Outcome Repeat GKRS (95% CI of proportions) MVD (95% CI of proportions) p Value (95% CI)

Primary
 APR 83% (0.77; 0.88) 88% (0.79; 0.98) [87.5%] 0.49 (-0.16; 0.08)
 CPR 46% (0.36; 0.56) [45.8%] 72% (0.55; 0.90) 0.02 (-0.46; -0.04)
Secondary
 Numbness 32% (0.24; 0.40) [31.7%] 22% (0.12; 0.31) [21.8] 0.25 (-8.1; 29.5)
 Bothersome numbness 3% (0.01; 0.05) 4% (0.00; 0.11) 0.31 (-0.07; 0.02)
 Retreatment 19% (0.13; 0.25) [19%] 22% (0.12; 0.31) [21.5] 0.74 (-0.21; 0.27)

Values within brackets are pooled estimates without outlier studies.

FIG. 2. Forest plots of overall estimates of APR and CPR after repeat GKRS and MVD.
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FIG. 4. Funnel plot for publication bias in APR and CPR outcome reporting after repeat GKRS and MVD.

FIG. 3. Forest plots of overall estimates of facial numbness and retreatment rate after repeat GKRS and MVD.
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21 of the MVD patients. Vascular compression was evi-
dent in 3 and 16 patients in the GKRS and MVD groups, 
respectively. A treatment and outcome tree is depicted in 
Fig. 5. The APR rates after retreatment were as follows: at 
3 months for GKRS and MVD, 93% and 96% (p = 1.0); at 
6 months for GKRS and MVD, 87% and 89% (p = 1.0); at 
1 year for GKRS and MVD, 80% and 81% (p = 1.0); and 
at 2 years for GKRS and MVD, 67% and 74% (p = 0.6), 
respectively. The CPR rates after retreatment were as fol-
lows: at 3 months for GKRS and MVD, 33% and 67% (p = 
0.055); at 6 months for GKRS and MVD, 33% and 44% (p 
= 0.53); at 1 year for GKRS and MVD, 47% and 44% (p = 
1.0); and at 2 years for GKRS and MVD, 47% and 44% (p = 
1.0). Among the patients who had a prior response to initial 
GKRS (n = 29), 78.5% from the GKRS group and 86.6% 
from the MVD group achieved APR (p = 0.65), and 50% 
from the GKRS group and 46.6% from the MVD group 
achieved CPR (p = 1.0). In the group of patients who did 
not have a prior response to initial GKRS (n = 13), only one 
patient underwent repeat GKRS, and this patient achieved 
APR but not CPR at 1 year. Among the other patients who 
underwent MVD, APR and CPR were achieved in 75% and 
42% of patients, respectively. There was no difference in 
the rate of postoperative facial numbness at 1 year (GKRS 
group, 46.6%; MVD group, 44.4% [p = 1.0]). Eight patients 
required subsequent treatment (3 from the repeat GKRS 
group and 5 from the MVD group [p = 1.0]). The probabili-
ty of APR and CPR at different time intervals was depicted 
using Kaplan-Meier estimates (Fig. 6).

Discussion
Role of Repeat GKRS in TN

GKRS is an attractive option as a repeat treatment be-
cause of its noninvasive nature and its feasibility in older 
patients and in patients with multiple comorbidities that 
preclude surgical treatment. However, the effect of GKRS 
is often delayed, and most of the series have reported the 
optimal effect to occur from 1 to 11 weeks after the pro-
cedure.7,11,13,16,20,22 Several studies report a comparable or 
even better pain response with repeat GKRS compared to 
primary GKRS. However, the major concern about repeat 
GKRS treatment is its radiotoxicity added to an already 
irradiated nerve.25 There have been multiple conflicting 
reports on the ideal and effective cumulative dose that is 
safe and effective. It has been shown that there is a dose-
response relationship between the cumulative radiation 
dose and the pain response rate along with incidence of 
trigeminal dysfunction.7 A few studies recommend a high 
cumulative dose (> 150 Gy), which is tolerable and effec-
tive,20,26 but a low-dose strategy (< 130 Gy) has also been 
shown equally effective.3,7,29 Hasegawa et al. compared the 
results of low-dose and high-dose radiation and found no 
difference in the overall outcome in their patients.11 In con-
trast, a recent meta-analysis has shown poor pain control 
with a low cumulative dose (< 140–150 Gy).19 Because in-
dividual variation in radiation sensitivity might have a role 
in the final outcome, a superselective strategy to identify 
suitable patients for repeat treatment has been recently put 

FIG. 5. Summary of treatment protocol followed in our institute.
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forth. In this regard, Tuleasca et al. reviewed 20 studies 
with 626 patients with recurrent TN who received repeat 
radiosurgery.25 The review identified some of the impor-
tant positive predictors for initial pain relief, including 1) 
initial CPR after a prior GKRS, 2) longer period of pain 
relief after first GKRS, and 3) new trigeminal deficits. The 
negative predictors included 1) no pain relief after prior 
GKRS and 2) a prior surgical procedure. This fact has 
been further validated by other authors who emphasized 
a higher probability of pain response in patients with prior 
history of a positive response to GKRS.13,28

Role of MVD After Failure of GKRS in TN
MVD has been regarded as the gold-standard treatment 

for TN. Two recently published meta-analyses have estab-
lished the superiority of MVD as a primary treatment over 
GKRS due to higher initial pain-free rates and long-term 
pain-free rates.9,17 However, the role of MVD after failure 
of other procedures has been less clearly established than 
its role as a primary procedure. The primary mechanism 
by which MVD produces pain relief in patients with vas-
cular compression (reversal of physiological changes pro-
duced by demyelination) is altered with prior ablative pro-
cedures, including GKRS. Although not directly proven, 
such lesioning procedures produce a change in the electro-
physiological properties of the nerve, making the effect of 
subsequent surgical decompression unreliable. Barba and 
Alksne, in an early report, demonstrated an inferior out-
come in MVD-treated patients who had undergone prior 
ablative procedures compared to those who underwent 
MVD as the primary surgery.1 However, recently, Chen 
has argued that prior therapy does not adversely affect 
pain outcome after MVD.5 Still, most clinicians would 

agree that the response of MVD as a salvage procedure is 
not as good as it is for a primary procedure. The primary 
concern for MVD in a previously irradiated patient is the 
possible alteration of the nerve-vessel anatomy with high 
incidence of adhesions, scarring, etc., which may make 
the surgical decompression more challenging. However, 
multiple reports have documented successful attempts of 
MVD in patients who have undergone prior GKRS, with 
no difficulty with vascular dissection.15,23 Sekula et al. have 
provided a more comprehensive and detailed report on op-
erative findings in this group of patients.21 In their 29 pa-
tients, they found trigeminal nerve atrophy in 14 (48.2%), 
adhesion of the trigeminal nerve in 6 (20.6%), and thick-
ened arachnoid in 1 (3.4%). Although they have reported 
no difficulty during dissection in most of their cases, they 
had to abandon one procedure due to gross adhesion of 
the nerve to the vessel. In our series, we did not encounter 
any difficulty in dissection during the surgery. The current 
perspective is that MVD is a feasible and effective modal-
ity of treatment without any added morbidity due to the 
prior radiation procedure.

Repeat GKRS Versus MVD in the Setting of Prior GKRS 
Failure

Multiple studies have reported the effectiveness of 
repeat GKRS or MVD in patients with prior failure of 
GKRS, but we did not encounter any study that has direct-
ly compared the two interventions. Therefore, the current 
meta-analysis focused on the pooled estimates of outcome 
measures in the two mutually exclusive groups of patients. 
In addition, we have compared the two interventions in our 
own patient series to get a preliminary estimate on a direct 
head-to-head comparison. Indirect comparison from our 

FIG. 6. Kaplan-Meier curves showing the probability of APR and CPR over time after repeat GKRS and MVD in our institutional 
study.
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meta-analysis shows that MVD provides a significantly 
better rate of CPR compared with repeat GKRS (73% vs 
45%); however, both treatment modalities provide a rea-
sonable rate of APR (87% and 80% in MVD and repeat 
GKRS, respectively). Similarly, the only statistically sig-
nificant difference in our series among the two groups was 
the CPR rates at 3 months, with almost double the rate of 
complete relief with MVD compared to GKRS; however, 
the difference was nullified over time. The possible expla-
nation for this difference would be the almost immediate 
and complete response with surgical decompression of the 
nerve compared with GKRS, which usually has a long la-
tency period for optimal response. Both the meta-analysis 
of studies from literature and our own institutional study 
did not identify any significant difference in the rates of 
postoperative facial numbness or retreatment between 
these two treatment arms. Although repeat GKRS has a 
higher incidence of new facial numbness than MVD, most 
cases of numbness are not bothersome and therefore are 
less likely to affect the quality of life.

MVD has been regarded as the gold-standard treatment 
for TN, especially in the setting of prior failure with GKRS. 
Similarly, repeat GKRS, being noninvasive, has a definite 
role in patients with a prior good response to GKRS. Al-
though a treatment bias cannot be excluded, the majority 
of the included studies did not report any treatment prefer-
ence for patients with or without prior response. As evi-
dent from the analysis, MVD is an attractive option as it 
provides a better rate of CPR. However, considering that it 
has a similar overall APR and is a noninvasive therapeutic 
modality, repeat GKRS is still a comparable option. Al-
though solid evidence is lacking, a general guideline that is 
helpful in selecting patients would be to use repeat GKRS 
in patients with prior response to GKRS, in the elderly, and 
in patients with comorbidities and to use MVD in all other 
patients, especially those who are young.

Study Limitations
The most important limitation of the current meta-

analysis is the absence of direct comparison groups, ex-
cept our own series. Although our series provides a pre-
liminary comparison between the two interventions, the 
lack of randomization and the retrospective nature of the 
study limit the validity of the results. Pertaining to the 
included studies, heterogeneity and publication bias were 
important issues, but they were largely unavoidable. Al-
though most of the studies have nearly comparable and 
objective criteria for outcome measures, minor errors in 
reporting and data extraction cannot be ruled out. A mi-
nority of the patients in the included studies had failure/
recurrence but did not undergo a retreatment for various 
reasons. This attrition might have had a minor influence on 
the analysis of retreatment rate. In addition, our analysis 
did not extend to subgroups (e.g., patients with partial vs 
no response to initial GKRS) to identify certain groups of 
patients who might benefit from select treatment methods. 
Of note, 20%–40% of the patients in the included studies 
had one or more other treatment modalities prior to the ini-
tial GKRS, which might have some influence on the pain 
response after repeat GKRS or MVD.

Conclusions
Repeat GKRS and MVD are both valid treatment op-

tions for patients after failure of prior GKRS. The current 
meta-analysis failed to identify any superiority of one 
treatment over the other, showing comparable outcomes in 
terms of APR, postoperative facial numbness, and retreat-
ment rates. However, MVD provided a better chance of 
CPR than repeat GKRS. A large-scale randomization of 
patients with subgroup analysis may help to identify select 
patients who may benefit from any particular modality of 
retreatment.
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