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Abstract
Microvascular decompression (MVD) is considered an effective treatment for trigeminal neuralgia (TN). However, the ana-
tomical and clinical variables associated with a better outcome are not fully examined. The authors performed a systematic 
review and meta-analysis of the literature investigating the immediate and long-term clinical results of MVD for TN, and the 
impact of the anatomical features of the neurovascular conflict on the outcome. The systematic search of three databases was 
performed for studies published between January 1990 and November 2021. PRISMA guidelines were followed. Random-
effects meta-analysis was used to pool the analyzed outcomes, and random-effect meta-regression was used to examine the 
association between the effect size and potential confounders. A funnel plot followed by Egger’s linear regression was used 
to test publication bias. A total of 9 studies were included in this analysis, including 2102 patients with trigeminal neuralgia. 
The immediate post-operative rate of BNI I was 82.9%, whereas surgical failure (BNI IV-V) was reported in approximately 
2.6% of patients. CSF leak was the most common postoperative complication (2.4%). The rate of BNI I at last follow up 
was 64.7% (p < 0.01), showing a significant negative correlation after multiple meta-regression with the rate of patients 
with isolated venous conflict (p < 0.01). On the other hand, the evidence of an arterial conflict proved is positive association 
with a favorable outcome (p < 0.01). At the last follow-up, BNI IV-V was reported in 19.2% (95% CI 8.9–29.5%, p < 0.01, 
I2 = 97.3%). This meta-analysis confirms the safety and efficacy of MVD for TN. The occurrence of serious postoperative 
complications is very low. The long-term outcome is associated with the type of vascular structure involved, being pure 
venous conflict associated with a higher risk of surgical failure. These findings should be considered when planning surgery 
for patients with TN.
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Introduction

Atreus of Cappadocia first described unilateral facial pain 
causing spams in the second century C.E. [30], and in 1756, 
Nicholas André coined the French term “tic douloureux” 
[4]. Nowadays, the so-called “classic” trigeminal neuralgia 
(TN) has been characterized as agonizing, paroxysmal, per-
ceived in one or more divisions of the trigeminal nerve, with 
repetitive bursts of few seconds, exacerbated by cutaneous 

stimuli [5]. Subsequently, the hypothesis of a causal rela-
tionship between the TN and vascular compression of the 
trigeminal root entry zone was first released by Dandy [10], 
and then Gardner and Miklos [16], and later by Jannetta and 
colleagues [19], standardizing a surgical technique to sepa-
rate and solve the vascular conflict, with surprising clinical 
results. The microvascular decompression (MVD), as stated 
by Burchiel in 2016, still represents a “major bright spot in 
the otherwise difficult world of pain surgery” [6]. Currently, 
although the specific mechanism of pain genesis is unknown 
[6], it is accepted worldwide that, when contact between an 
artery and the trigeminal nerve can be proven, the surgi-
cal treatment is advised and associated with good outcome 
in”classical TN” [6, 8, 19, 40]. Nonetheless, consensus is not 
achieved in relation to the long-term rate of a pain-free/med-
ication-free patient after MVD for TN. The aim of our study 
is to examine the clinical results of this surgical intervention 
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assessing the rates of patients that are pain-free at the last 
follow-up. Furthermore, we will try to differentiate the result 
according to the Barrow Neurological Institute (BNI) pain 
intensity score and analyze the impact on the outcome of the 
anatomical features of the neurovascular conflict.

Methods

Literature search

A comprehensive literature search of PubMed, Embase, 
and Ovid MEDLINE was conducted for studies published 
from January 1990 to November 2021. PRISMA guide-
lines (preferred reporting items for systematic reviews and 
meta-analysis [28]) were followed. Our systematic review 
was registered and accepted in the PROSPERO database 
with the following ID: CRD42021292153. The keywords, 
the detailed search strategy, and the inclusion criteria are 
reported in Table 1. In cases of overlapping patient popula-
tions, only the series with the largest number of patients or 
most detailed data were included. Two independent read-
ers (D.D.C. and N.B.) screened articles in their entirety to 
determine eligibility for inclusion. A third author solved 
discrepancies (P.P.).

Data collection

From each study, we extracted the following: (1) demo-
graphic data, (2) mean follow-up, (3) trigeminal neuralgia 
characteristics and pain classification system, (4) radio-
logical characteristics, (5) previous treatment, (6) surgical 
technique, (7) intraoperative findings, (8) post-operative 
complications, and (9) clinical outcome (immediately after 
surgery and at the last follow-up). Classical trigeminal neu-
ralgia, as defined by Cruccu and colleagues [8], was divided 
in two groups considering the presence or the absence of 
continuous pain [8, 40]. When reported as typical/atypical 
or TN 1/2 [5], we collected data with the current classifica-
tion. The post-operative outcome was classified according 
to the BNI pain intensity score, as follows: BNI I (no pain, 
no medications), BNI II-III (occasional pain but in control 
with medications, if required), BNI IV-V (no control with 
medication, no pain relief). The early post-operative deficit 
was defined as the onset of new deficit or the worsening of a 
preoperative clinical condition after the surgical treatment. 
Permanent post-operative deficit was defined as the persis-
tence of post-operative acquired deficit at the last follow-up.

Outcomes

The primary objective of this systematic review and meta-
analysis was to determine the long-term outcome of TN after 

MVD, in terms of the rate of BNI I. The secondary objective 
was to examine the impact of potential confounders on the 
analyzed outcome for the following variables: mean age, 
rate of female patients, preoperative mean symptoms dura-
tion, rate of typical trigeminal neuralgia, rate of patients with 
no evidence of neurovascular conflict during surgery, rate 
of patients with only venous conflict, rate of patients with 
superior cerebellar artery (SCA) conflict, and the study pub-
lication year.

Quality scoring

A modified version of the Newcastle–Ottawa Scale [36] was 
used for the quality assessment of the.

included studies. The quality assessment was performed 
by two authors independently (D.D.C and N.B.), and the 
senior author solved discrepancies.

Statistical analysis

Inter-observer agreement was tested with Cohen’s kappa 
coefficient (k). The Wald method was used to calculate con-
fidence intervals (CI) for event rates. In order to assess the 
heterogeneity of the data, the Higgins index (I2) [17] was 
used, in which I2 > 50% suggests substantial heterogeneity. 
DerSimonian and Laird random-effects models were subse-
quently applied [11]. Predictors of outcome were analyzed 
with random meta-regression. The graphical representation 
of the meta-analysis was performed by forest plot. Hetero-
geneity (I2) > 50% was studied and analyzed with a sensi-
tivity analysis (leave-one-out meta-analysis) Funnel plot 
followed by Egger’s linear regression test was used for bias 
assessment [32]. Differences were considered significant at 
p < 0.05. Statistical analyses were performed with SPSS ver-
sion 23 (SPSS Inc. SPSS® Chicago, IL, USA), with ProMeta 
version3 (Internovi, Cesena, Italy) and OpenMeta[Analyst] 
(http:// www. cebm. brown.edu/openmeta/).

Results

Literature review

Studies included in our systematic review are summarized in 
Table 2. Intra-observer agreement was 0.82. The search flow 
diagram is shown in Fig. 1. Nine studies) and 2102 patients 
with trigeminal neuralgia that underwent MVD were ana-
lyzed in this review.

Quality of studies

Three articles presented a prospective design, and six studies 
were retrospective single-center analyses. All studies were 

http://www.cebm
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rated “high quality” (detailed data online resource 1). Intra-
observer agreement was 0.88.

Demographic data and clinical characteristics

Overall, the mean age of the included patients ranged 
between 53 and 65 years old, and the proportion of female 
patients was 61.6% (95% CI 59.5–63.6%). The left side 
was less commonly involved (39.6%, 95% CI 37.4–41.8%) 
and the mean symptoms duration before surgery ranged 
between 5 and 7.5 years. Symptoms were more com-
monly reported together in the second (V2) and the third 

division (V3) of the trigeminal nerve (33.5%, 95% CI 
31.2–35.8%), and the pain was classified as typical in 
92.7% of cases (95% CI 91.5–93.8%). Only three stud-
ies reported the rate of previous treatment before MVD 
(25.4%, 95% CI 23.2–27.6%), although no adequate data 
were provided to differentiate the result for intervention 
type (Table 3).

Surgical technique and intraoperative findings

The retrosigmoid approach was the surgical route in all 
cases. The superior cerebellar artery (SCA) was found 
to be the offending vessel in 74.7% of patients (95% CI 
72.4–76.4%). Furthermore, only venous contact and no vas-
cular conflict were observed in 11.1% (95% CI 9.6–12.5%) 
and 6.1% (95% CI 4.1–8%), respectively. Only two studies 
described in detail the degree of compression [14, 29]. The 
most common post-operative complications were CSF leak 
and facial numbness (2.4%, 95% CI 1.7–3.1% and 2.1%, 95% 
CI 1.5–2.8%, respectively). Moreover, hearing impairment 
was reported in approximately 1% of patients (detailed data 
are shown in Table 4).

Clinical outcome

Overall, immediately after surgery, 82.9% (95% CI 
74.9–88.9%, p < 0.01, I2 = 93.4%) of patients reported a 
complete resolution of preoperative symptoms (BNI I), 
whereas 2.6% (95% 1–4.1%, p < 0.01, I2 = 68.6%) were clas-
sified as “surgical failures” (BNI IV-V). Clinical follow-up 
ranged between 3 and 10 years, and the long-term outcome 
analysis demonstrated that 64.7% of patients were classified 
as BNI I (95% CI 56.9–72.4%, p < 0.01, I2 = 88.1%) (forest 
plot is provided in Fig. 2). Furthermore, BNI III-IV and BNI 
IV-V were reported in 17% (95% CI 11.2–22.8%, p < 0.01. 

Table 2  Summary of the studies 
included in the systematic 
review

JNS Journal of Neurosurgery, NEJM New England Journal of Medicine, R retrospective study, P prospec-
tive study, a median

Year Design Journal N patients Female (%) Age 
(mean), 
years

Follow-up 
(mean), 
years

Barker et al 1996 P NEJM 1185 706 (60) 57 10
Miller et al 2009 R JNS 95 62 (65) 53.3 -
Zhang et al 2012 R World Neurosurg 154 98 (64) 48a 5.6a
Masuoka et al 2015 R Neurosurg Rev 50 35 (70) 65 5.2
Duan et al 2015 R JNS 26 18 (69) 65.3 1.8
Wang et al 2017 P JNS 164 98 (60) 63 4.9
Nunta-aree et al 2018 R World Neurosurg 110 70 (64) 53.54 -
Amaya Pascasio et al 2021 R Neurologia (Bar-

celona, Spain)
152 101 (66) 60 3.55

Mizobuchi et al 2021 P Neurosurgery 166 106 (64) 62.7 3

Fig. 1  PRISMA diagram detailing the specifics of the systematic lit-
erature review
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I2 = 89.6%) and 19.2% (95% CI 8.9–29.5%, p < 0.01, 
I2 = 97.3%) (forest plots in online resource 2). A summary of 
the long-term post-operative outcome is provided in Table 5.

Heterogeneity, confounder analysis, 
and publication bias

Higgins’ index was above 50% for all analyses, showing sub-
stantial heterogeneity. Accordingly, a sensitivity analysis was 
performed demonstrating that no individual study significantly 
influenced the analyzed outcomes (Fig. 2, online resource 
2). Furthermore, the funnel plots followed by Egger’s linear 
regression excluded publication bias for all analyses (Fig. 3, 
Table 5, online resource 2). Nonetheless, the rate of BNI IV-V 
at the last follow-up demonstrated asymmetry on the funnel 
plot. Accordingly, we decided to perform a meta-regression 
for follow-up length that showed a significant negative asso-
ciation between the mean age and the final rate of BNI IV-V. 
Nevertheless, multiple meta-regression was not significant for 
any of the confounders (online resource 3). The rate of long-
term BNI I was investigated with meta-regression to assess the 
impact of covariates for the analyzed outcome. Accordingly, 
simple meta-regression demonstrated that the outcome sig-
nificantly varied in relation to the vascular structure involved 
(arterial, venous or no conflict) (Table 6). The multiple meta-
regression confirmed the result, showing that the presence of 
an isolated venous conflict independently decreased the rate 
of BNI I patients at last follow-up (p < 0.01) (Table 6) (scatter 
plot in Fig. 4).

Table 3  Demographic data and 
clinical characteristics

Trigeminal branches were labeled as V1, V2, and V3
NVC neurovascular conflict

Raw data Rate (95% CI) N of articles

Demographic data
N patients included in the analysis 2102 9
Female patients 1294/2102 61.6% (59.5–63.6%) 9
Mean age (range) 5–88 - 8
Trigeminal neuralgia characteristics
Left side involvement 751/1898 39.6% (37.4–41.8%) 7
Mean symptom’s duration before surgery 

(years, range)
0–7.5 7

V1a only 53/1579 3.4% (2.5–4.2%) 5
V2a only 291/1579 18.4% (16.5–20.3%) 5
V3a only 262/1579 16.6% (14.8–18.4%) 5
V1 and V2 282/1579 17.9% (16–19.7%) 5
V2 and V3 529/1579 33.5% (31.2–35.8%) 5
Typical pain 1794/1936 92.7% (91.5–93.8%) 8
Previous treatment
Any 382/1503 25.4% (23.2–27.6%) 3

Table 4  Intraoperative findings, and post-operative complications

AICA anterior inferior cerebellar artery, SCA superior cerebellar 
artery, VBA vertebrobasilar artery

Raw data Rate (95% CI) N of articles

Intraoperative findings
Offending vessel(s)
 SCA 1360/1829 74.7% (72.4–76.4%) 6

AICA 176/1829 9.6% (8.3–11%) 6
VBA 38/1615 2.4% (1.6–3.1%) 4
Vein only 200/1805 11.1% (9.6–12.5%) 6
Vein and artery 728/1613 45.1% (42.7–47.6%) 4
No vascular conflict 36/594 6.1% (4.1–8%) 4
Post-operative complications
Death 2/1817 0.1% (0–0.3%) 6
Hematoma 6/1815 0.3% (0.1–0.6%) 6
CSF leak 43/1815 2.4% (1.7–3.1%) 6
Pseudomeningocele 9/1815 0.5% (0.2–0.8%) 6
 Infections 22/1815 1.2% (0.7–1.7%) 6

Facial deficit (per-
manent)

1/1981 0.1% (0–0.1%) 7

Facial numbness 39/1817 2.1% (1.5–2.8%) 6
Hearing impairment 20/1817 1.1% (0.6–1.6%) 6
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Discussion

Our systematic review and meta-analysis of approximately 
2700 MVDs for TN demonstrated several interesting 

findings. Overall, the immediate post-operative rate of 
BNI I was 82.9% (p < 0.01), whereas surgical failure (BNI 
IV-V) was reported in approximately 2.6% of patients. Our 
most important result is that the rate of BNI I at last fol-
low up is 64.7% (p < 0.01), showing a significant negative 

Fig. 2   Forest plot detailing the pooled rate and 95% confidence 
intervals for the rate of long-term BNI I after MVD for TN. The 
overall rate of BNI I (no pain, no medication) was 64.7% (95% CI 

56.9–72.4%, p < 0,01, I2 = 88.1%). b The leave-one-out meta-analysis 
showed that no individual study independently influenced the ana-
lyzed outcome

Table 5  Summary of long-term 
post-operative outcome

BNI Barrow Neurological Institute pain intensity score

Raw data Rate (95% CI), p-value Heterogeneity Publication 
bias, p-value

N of articles

Long-term outcome
BNI I 836/1314 64.7% (56.9–72.4%), < 0.01 88.1% 0.33 9
BNI II-III 197/1314 17% (11.2–22.8%), < 0.01 89.6% 0.77 9
BNI IV-V 288/1314 19.2% (8.9–29.5%), < 0.01 97.3% 0.051 9
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Fig. 3  Funnel plot detailing 
the risk of publication bias 
among the included studies 
for the long-term rate of BNI 
after MVD. The funnel plot did 
not show asymmetry. Further-
more, Egger’s linear regression 
test excluded publication bias 
(p = 0.33)

Table 6  Impact of potential 
confounders on the rate of 
post-operative BNI I following 
MVD in random-effects meta-
regression

Give information regarding the negative or positive association with the analyzed outcome
NVC neurovascular conflict, SCA superior cerebellar artery, TN trigeminal neuralgia
statistically significant (p<0.05)

Variable N of articles Slopea Univariate 
(p-value)

Multi-
variate 
(p-value)

Year of publication 9 0 0.96
Mean age 8 0.01 0.10
Rate of female patients 9 1.32 0.22
Preoperative symptoms duration 6 0.04 0.40
Rate of classical TN without continu-

ous pain
8 0.09 0.76

No neurovascular conflict 4  − 0.7  < 0.01
Vein conflict 6  − 1.9  < 0.01  < 0.01
SCA conflict 6 0.8  < 0.01
Follow-up duration 7  − 0.004 0.83

Fig. 4  Scatter plot of the 
association between the rates 
of isolated venous compres-
sion and the long-term rate 
of BNI I among MVD for 
trigeminal neuralgia population 
(p < 0.01). Meta-regression was 
performed using random effect 
meta regression model, and the 
covariate was proven to influ-
ence the outcome in both uni- 
and multiple meta-regression
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correlation with the rate of patients with evidence of pure 
venous conflict during surgery (Fig. 4, p < 0.01). Further-
more, although the mean follow up ranged between 1.8 and 
10 years among studies (Table 2), multiple meta-regres-
sion did not prove any significant impact on the analyzed 
outcome (p = 0.83).

Demographic data and clinical characteristics

The incidence of TN is 3 to 5 per 100 thousand persons 
per year [20, 23]. Since the seminal work of Jannetta [19], 
MVD for TN has been increasingly accepted as an effective 
treatment for pain control in patients with vascular conflict 
with the trigeminal nerve within the cerebellopontine angle 
[9, 33, 37]. In current literature, MVD for TN is associated 
with an overall rate of post-operative pain relief of 90% that 
decreases to approximately 80% 1 year after surgery [38]. 
Moreover, the average TN recurrence rate is 4% per year, 
and a successful outcome at 15 years is reported in 73.3%, 
confirming the long-term good outcome of this population 
[7, 38]. Our study showed that, immediately after surgery, 
82.9% of patients were classified as BNI I, and 2.6% as BNI 
IV-V. Since the first reports, it has been suggested that the 
female population is often associated with a lower rate of 
success among MVD for TN [2]. Nonetheless, although we 
reported a higher rate of women (61.6%) patients, we did not 
find a significant association between gender and long-term 
outcome (p = 0.22) [31]. Similarly, as previously reported 
by several studies, the duration of symptoms before the sur-
gery seems not to predict the outcome (p = 0.40) [31]. In 
the last decade, it has been largely debated if there is any 
significant association between the clinical features of TN 
and the surgical outcome of MVD [22, 34]. Accordingly, 
the distinction between the so-called “typical” TN and its 
counterpart, the “atypical” TN, has been extensively inves-
tigated. Burchiel and colleagues underlined that the major 
difference between the two clinical presentations is the pro-
portional presence of episodic (TN 1) versus constant pain 
(TN 2) [5]. Accordingly, they suggested that the two entities 
should be more duly considered as two different clinical rep-
resentation of the same continuous spectrum of trigeminal 
nerve neuropathy. The terms typical an atypical should not 
be used to subgroup TN, as suggested by the latest classifica-
tion and guidelines [8, 40]. Nonetheless, in surgical practice, 
the presence of continuous pain was frequently associated 
with a long-term unfavorable outcome [26]. Interestingly, 
our results did not show any significant association between 
the rate of classical TN without continuous pain and the 
long-term outcome (Table 6, online resource 3). It is worth 
noting that the definition of classical TN is not homogeneous 
among studies. Furthermore, it has been reported by Sin-
dou and colleagues that, when patients with “atypical facial 
pain” are excluded from the analysis, the long-term outcome 

is similar between the previously defined TN 1 and 2 [31]. 
Accordingly, due to selection bias and the reduced predictive 
value, TN classification in “typical” or “atypical” should not 
be considered as a reliable prognostic factor among MVD 
for TN population.

TN characteristics and vascular conflict

The presence of a NVC that involved the SCA was signifi-
cantly associated with a better outcome in our univariate 
analysis, and the absence of any vascular conflict, or the 
presence of only a venous contact, showed a negative corre-
lation with the outcome (Table 6, Fig. 4). These findings sus-
tain the theory advanced by Jannetta et al. that the TN should 
be considered as an “entrapment syndrome” in which the 
mechanical separation between the vessel and the nerve can 
lead to symptom control [2] (Fig. 5A). On the other hand, 
since the first observation made by Dandy, it was observed 
that TN could occur without NVC [10]. Indeed, our study 

Fig. 5  Illustration depicting an arterial compression of the trigemi-
nal nerve caused by SCA common trunk (A), and an isolated venous 
conflict (B). Our work showed a significant association with a worse 
long-term clinical outcome when a “pure” venous compression can 
be demonstrated
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demonstrated that approximately 5% of patients had no 
NVC. It has been proposed that, due to demographic and 
histological differences, patients with TN and no evidence of 
NVC should be considered as a separate entity [21]. Classic 
demyelination of the trigeminal nerve close to the compres-
sion cannot be observed in these patients, and an aberrant 
activity within the trigeminal ganglion or an abnormal effer-
ent reflex activity within the brainstem has been proposed as 
the pathological mechanism behind the symptoms [12, 13].

Accordingly, it is conceivable that this subgroup of 
patients has a separate clinical history and a higher chance 
of symptoms recurrency that need repeated ablative proce-
dures [21].

TN due to venous conflict is widely accepted at the cur-
rent state of knowledge [3, 15, 25] (Fig. 5B). Our study dem-
onstrated that the presence of a pure venous conflict inde-
pendently affects the outcome with a negative correlation in 
multiple meta-regression (p < 0.01). Sindou and colleagues 
analyzed a series of 55 patients with TN and venous con-
flict demonstrating that at 10 years, 70.6% of patients were 
reported as BNI I [15], showing no correlation between the 
degree of compression and the clinical presentation. Further-
more, they did not find a significant difference in long-term 
outcomes between arterial and venous conflicts [31]. On the 
other hand, Barker and colleagues identified the presence 
of a venous conflict as one of the predictors of pain recur-
rency [2]. Even if beyond the aim of our study, nowadays 
there is no consensus on the surgical management of venous 
conflicts. Sacrificing or preserving the venous structures is 
constantly debated in the current literature [15, 18]. Further-
more, it is worth noting that a pure venous conflict is a rare 
entity (11% in our review), and, as underlined by Dumot 
et al., it is not always possible to differentiate other ana-
tomical features that can affect the outcome, such as nerve 
root atrophy and arachnoiditis [15]. Nonetheless, our study 
showed that the long-term outcome is independently affected 
by the presence of an isolated venous conflict (p < 0.01).

Strength and limitations

Our study has limitations. All series but three have a retro-
spective design. The main limitation of our work is that, due 
to the quality of the data itself, we could not compare out-
comes with the Kaplan–Meier estimator or hazard ratios, and 
we decided to analyze the outcome at the “last follow-up”. 
Furthermore, many series did not report data on previous 
and additional treatments. Similarly, we could not perform 
a distinct pooled analysis according to the type of conflict 
(arterial, venous, no vascular contact), and the degree of 
arterial conflict. Furthermore, the definition of typical and 
atypical trigeminal neuralgia is not standardized among the 
included studies, increasing the risk of selection bias for 
the analyzed outcomes. Furthermore, the meta-regression to 

assess the impact of confounders on the long-term outcome 
was performed on less than ten studies. Nonetheless, the 
analysis showed significant results in both simple and mul-
tiple meta-regression, increasing the weight of the associa-
tion. Accordingly, although the risk of bias is non-negligible 
due to the quality of the data, the sensitivity analysis and the 
funnel plot followed by Egger’s linear regression excluded 
publication bias, strengthening our findings. In addition, 
to be consistent with our inclusion criteria, we decided to 
exclude some important papers dealing with TN from the 
analysis, decreasing the selection bias.

Conclusions

This systematic review and meta-analysis of more than 
2000 patients demonstrated that at the last follow-up 64.7% 
(p < 0.01) is classified as BNI I, confirming the long-term 
efficacy of MVD for TN, in particular when an arterial con-
flict can be demonstrated (p < 0.01). Neurosurgeons should 
be aware that the effectiveness of surgery decreases when 
a vascular conflict cannot be found during posterior fossa 
exploration (p < 0.01), strengthening the idea that this sub-
group of patients should be considered as a separate popu-
lation. Furthermore, the presence of an isolated venous 
conflict independently affected the long-term outcome 
(p < 0.01), suggesting a higher risk of TN recurrency for 
this subgroup of patients.
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