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of RFR cases. Long-term outcomes of these same procedures 
were favorable in 70%, 70%, 46%, 43.5%, and 27.1% of cases, re-
spectively. In other words, aside from MVD and SRS, none of 
the known treatment modalities showed good long-term clini-
cal results12,18,28). Due the effects of neurovascular conflict, MVD 
has become the first choice for patients with TN refractory to 
medication treatment35-37).

Unfortunately, despite surgical intervention, some patients 
still have recurrent symptoms, with an annual recurrence risk 
of 1–4%2,9,14,30). Although neurodestructive procedures such as 
glycerol injection provide short-term relief, their long-term re-
sults are unsatisfactory; only 40–50% are successful17,38). There-
fore, it is difficult to determine an appropriate treatment strate-

INTRODUCTION

Trigeminal neuralgia (TN) is characterized by sudden attacks 
of severe facial pain41,42). Various surgical procedures are recom-
mended for patients who are refractory to medical treatment. 
These procedures include microvascular decompression (MVD) 
and percutaneous procedures such as glycerol rhizotomy (GR), 
balloon microcompression of the trigeminal ganglion (BC), ra-
dio frequency rhizotomy (RFR), and stereotactic radiosurgery 
(SRS)34,40,43). One study analyzed the surgical outcomes for each 
of these treatment modalities. In the short term, good outcomes 
(i.e., BNI scores of I-III) were observed in 75% of MVD cases, 
92% of SRS, 86% of GR, 86% of balloon compression, and 80% 
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gy for patients continuing to have facial pain after prior treatments. 
In addition, if ablative procedures are performed repeatedly, pa-
tients are at risk for facial numbness. Several authors have com-
piled there currence rates for each of the surgical and non-sur-
gical procedures currently available (MVD, 30%; SRS, 43%, GR, 
68–78%; BC, 45%; and RFR, 42%)4,7,22,26,32). Repeat surgical treat-
ments (including MVD) have been reported to be reasonable 
options for recurrent TN, even after neurodestructive proce-
dures; however, this approach has lower success rates and high-
er complication rates than primary surgery3,14,32). We reviewed 
our experiences in the surgical treatment of TN patients with 
persistent or recurrent pain despite prior treatment.

MATERIALS AND METHODS

Patient population
We retrospectively analyzed 37 patients with primary TN 

who underwent surgical treatment at our hospital between Jan-
uary 2010 and December 2014. Only patients with postopera-
tive follow-up data for at least one year were included. Patients 
were selected if they had persistent facial pain or recurrent facial 
pain after prior treatment. If there was definitive evidence of 
neurovascular compression, surgery was performed. However, 
in cases where the offending vessel could not be clearly identi-
fied, the symptoms were believed to be the result of venous 
compression with an adequate duration of symptoms; when 
sufficient decompression could not be achieved, a partial senso-
ry rhizotomy (PSR) was performed. Recurrent TN was defined 
as a resurgence of pain on the same side after a previously suc-
cessful treatment. A successful previous treatment was defined 
as complete pain relief without the need for medication. A total 
of 37 patients underwent surgery as a re-treatment modality for 
persistent or recurrent TN. The group comprised 7 males and 
30 females with a mean age of 63.9 years at the time of treat-
ment (range : 40–80 years). These patients received their prima-
ry treatments at other centers, which were either unsuccessful 
at relieving their symptoms or were followed by recurrent symp-
toms. Prior to surgery, 26 patients underwent percutaneous 
procedures for TN : radiofrequency rhizotomy in 12 patients, 
GR in 8, and balloon compression in 6 patients. In addition, 8 
patients were treated with gamma knife radiosurgery (GKRS) 
and 3 underwent MVD (Table 1). All of the patients were fol-
lowed postoperatively for a minimum of 1 year.

Surgery
Patients were placed in a lateral position for surgery, as previ-

ously described25). All patients underwent intraoperative brain 
stem monitoring to measure their auditory evoked responses. 
In patients with a history of prior surgery, meticulous muscular 
dissections were performed to avoid dural injury due to adhe-
sions. After the dura was opened, if an offending vessel could be 
clearly confirmed, MVD was performed. However, in certain 
cases (as listed below), PSR was performed by dividing the cau-

dal two-thirds to one-half portion of the trigeminal nerve sen-
sory root. This procedure was performed under the following 
circumstances : older age (>65 years); patients in poor medical 
condition; cases where no distinct compressive lesions could be 
identified; scenarios in which a venous offending vessel was 
found to be the culprit; and in cases of multiple prior percuta-
neous procedures. Additionally, if the offending vessels could 
be visualized intraoperatively without any radiological evidence 
of compression lesions, then both MVD and PSR were performed, 
even if only partial rhizotomy was planned preoperatively. In-
traoperatively, arterial offending vessels were definitively identi-
fied in 20 patients, venous offending vessels were present in 9 
patients, and no offenders were found in 5 patients. Teflon gran-
uloma formation was evident in 1 patient, and the remaining 2 
patients demonstrated inadequate decompression.

Pain assessment and analysis
Pre- and post-operative pain measurements were obtained 

Table 2. BNI pain intensity score

BNI pain 
intensity score Definition

I No trigeminal pain, no medication required
II Occasional pain not requiring medication
III Some pain adequately controlled with medication
IV Some pain not adequately controlled with medication
V Severe pain, no pain relief

BNI : barrow neurological institute 

Table 1. Patient demographics

Patient demographis n* %
Age, years (mean±SD) 63.9±7.2*
Sex (male/female) 7/30
Follow-up period, months (mean±SD) 69.9±19.2*
Interval time between initial and second 
treatments, months (mean±SD)

026±21.6*

Pain distribution 
V2 8 21.6
V3 9 24.3
V1–2 2 05.4
V2–3 13 35.2
V1–2–3 5 13.5

Prior treatments
MVD 3 08.1
GKRS 8 21.6
RFR 12 32.4
PN 1 02.7
Balloon compression 6 16.3

GR 7 18.9
Total 37
*Other value. MVD : microvascular decompression, PSR : partial sensory rhizoto-
my, PN : peripheral neurectomy, GKRS : gamma knife radiosurgery, RFR : radio-
frequency rhizotomy, GR : glycerol rhizotomy, SD : standard deviation, n : number
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from the medical records or telephone inquiries based on the 
Barrow Neurological Institute (BNI) pain intensity scale (Table 
2). The categories of pain relief evaluated by this scale included 
excellent (BNI pain score I-II), good (BNI pain score III), and 
poor (BNI pain score IV-V). These outcomes were assessed im-
mediately after surgery and during the last follow-up visit in the 
outpatient department. In order to analyze the relationships be-
tween the patients’ clinical features and long-term outcomes, we 
collected various descriptive statistical variables, including pa-
tient age, sex, interval time before re-treatment, pain distribu-
tion, prior treatment modalities, type of offending vessels, and 
whether rhizotomy was implemented. In order to investigate 
the factors effectively, the offending vessels were categorized as 
either arterial or venous vessels. Statistical analyses were per-
formed using the chi-square test, Fisher’s exact test, and Spear-
man correlation test. The Statistical Package for the Social Scienc-
es (SPSS; ver. 21.0; Chicago, IL, USA) was used for all calculations. 
p-values <0.05 were considered to be statistically significant.

RESULTS

Prior to surgery, all patients had facial pain BNI scores great-
er than IV despite initial TN treatment. A total of 22 patients 
underwent a combination of MVD with PSR. Postoperatively, 
12 of these patients (54.6%) had improved facial pain, with a 
BNI score better than II. However, 5 patients (23%) complained 
of facial dysesthesia, 2 of whom had previously experienced fa-
cial sensory changes following the first treatment. One patient 
had cerebrospinal fluid leakage, and another patient had a sub-
dural hematoma. Of the 8 patients who only underwent MVD, 
6 (75%) experienced excellent pain relief, and none complained 
of facial dysesthesia. In contrast, of the 7 patients who were 
treated with PSR, 3 (42.9%) showed improvement with a BNI 
score of II, while 3 (42%) had facial dysesthesia. Of these three 
patients, one had facial sensory changes prior to re-treatment.

Immediately after repeat surgery, 12 patients had facial pain 
relief with a BNI score of I, 14 had a BNI score of II, and 8 patients 
increased to a BNI score of III. Three patients experienced per-
sistent facial pain with a BNI score greater than IV. The mean fol-
low-up period was 69.9 months (range : 16–173). The mean in-
terval between the initial and second treatments was 26 months 
(range : 7–123). As of the end of the follow-up period, 21 (56.7%) 
patients had excellent pain relief (BNI score of I in 8 and II in 
13 patients), 13 (35.1%) had good pain relief (BNI score of I-III 
in 34), and 3 (8.2%) had poor pain relief (Table 3). Overall, 56.7% 
of patients experienced excellent surgical outcomes. 

There were no intraoperative complications or increased mor-
tality, although there were several postoperative complications. 
These included one case of cerebrospinal fluid leakage, one sub-
dural hematoma, and facial dysesthesia in 8 (21.1%) patients. No 
postoperative hearing loss was noted.

There were no significant relationships between clinical fac-
tors and surgical outcomes. A Spearman’s correlation revealed a 

p-value of 0.853 upon analysis of age and 0.541 with respect to 
the interval time. Sex, pain distribution, prior treatment modal-
ities, types of offending vessels, and rhizotomy implementation 
were not significant factors, according to the results of the Fish-
er’s exact test (p-value=0.771, 0.785, 0.984, 0.635, and 0.542, re-
spectively). 

DISCUSSION

Since the pioneering work of Jannetta in the 1970s, MVD has 
become one of the most common treatments for TN19). Howev-
er, the recurrence of TN symptoms remains a challenge for neu-
rosurgeons. The likelihood of recurrence is variable. Many au-
thors have sought to explain the recurrence of TN after treatment. 
Kabatas et al.21) cited multiple factors, such as Teflon granuloma 
formation, excessive Teflon insertion, improper and inadequate 
operative techniques, Teflon dislocation, and venous compres-
sion after the MVD procedure, in the redevelopment of symp-
toms. In regard to the GR procedure, Blomstedt et al.8) reported 
that the needle should enter the trigeminal cistern via the fora-
men ovale. If the needle is improperly placed, it can enter the 
subtemporal region or pass through the foramen spinosum and 
cause venous or arterial bleeding, resulting in the recurrence of 
symptoms. Several factors may contribute to TN recurrence in 
patients after a balloon compression procedure. These include 
the formation of a cheek hematoma, inappropriate localization, 
or inadequate balloon inflation1,10). Gusmão et al.15) explained 
other situations in which TN symptoms may reoccur after a ra-
diofrequency rhizotomy. For instance, if there was any difficulty 
in visualizing the foramen ovale, an inappropriate passage may 
be formed through the carotid canal, jugular foramen, or fora-
men Vesalius; these situations complicate the overall treatment 
process and may contribute to symptom recurrence. Contro-
versy exists surrounding the most appropriate and tolerable cu-
mulative dose that should be used during GKRS in the treat-
ment of TN. Therefore, discrepancies in drug dosing may 
potentially contribute to the redevelopment of symptoms fol-
lowing GKRS13,24). Symptoms may also return after a peripheral 
neurectomy. Murali et al.27) hypothesized that this recurrence is 
due to the regeneration of peripheral nerves that occurs any-
where from18 months to 3 years postoperatively. 

For several reasons, most neurosurgeons recommend that 
patients with persistent or recurrent TN undergo less invasive 
procedures to achieve pain relief. First, the success rate of repeat 

Table 3. Postoperative BNI pain intensity scores

BNI pain
intensity score

Immediate 
post-operative (n=37)

Last follow-up 
(n=37)

I 12 08
II 14 13
III 08 13
IV 03 03

BNI : barrow neurological institute 
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MVD is significantly lower than that of primary operations. Ac-
cording to previous studies, the success rate of secondary sur-
geries ranges from 51% to 93.3% (Table 4). Barker et al.5) report-
ed complete pain relief in 42% of patients 10 years after undergoing 
a second operation, compared to 64% of patients after the initial 
MVD. In addition, when recurrent pain is treated with radio-
surgery or GR, between 50% and 59% of patients continued to 
be pain-free without the use of medications 3 years later13,29). 
Secondly, the risk of facial numbness is greater with repeated 
operations. Barker et al.4) reported that 11 of 1204 patients (0.9%) 
had severe facial numbness after their initial MVD, in contrast 
to 11 (8%) of 132 patients after a second MVD.

Because decompression is a viable option in cases of neuro-
vascular compression, several authors have suggested that re-
exploration of the posterior fossa should be performed for re-
current or persistent TN, because appropriate decompression 
can be performed in cases of neurovascular compression. PSR 
can be employed in non-neurovascular cases or in those involv-
ing Teflon granulomas. In these instances, recurrence can be 
prevented. Although the success rate of re-operation was lower 
than that of the initial operation, performing a second surgery 
showed a higher long-term success rate than did other treat-
ment modalities16,30). There was a higher risk of facial dysesthe-
sia after a second surgery than after the first surgery. This was 
due to surgeons frequently performing a PSR at the time of re-
peat surgery in the absence of a compelling compressive le-
sion11,20,23). Therefore, the risk of trigeminal nerve injury was 
higher during the second MVD than during the first surgery, 
increasing the rate of facial dysesthesia. In the current study, 
eight patients (21%) complained of facial numbness after the 
second surgery. All of them underwent a PSR. With the excep-
tion of a single patient who had a postoperative BNI score of IV, 
the remaining 7 patients continue to be followed in our neuro-
surgical outpatient clinic and are satisfied with their postopera-
tive results. Their symptoms have also been well controlled with 
the aid of medical treatment.

Although the success rate of re-operation falls between 51% 
and 93.3% (Table 4)2,3,6,11,20,23,30,31,39), the success rate of percutane-
ous procedures is up to 57%12). The performance of a PSR proce-

dure with or without MVD can be considered as an option for 
repeat operative intervention. Despite the variety of treatments 
available in the management of recurrent TN, the patients in 
our study had failed these treatments at other centers and were 
receiving ineffective medical treatment for a prolonged period 
of time. Our center has an extensive history of treating TN pa-
tients, with a success rate matching that of multiple studies. Hence, 
these factors led us to perform repeat surgeries in these patients. 
In this study, we were able to obtain good surgical outcomes 
comparable to primary treatment due to the addition of PSR to 
conventional MVD procedures. Also, in the cases where definite 
MVD could not be achieved due to absence of neurovascular 
conflict, PSR along with additional techniques such as mechan-
ical manipulation (squeezing of trigeminal nerve, thermal injury 
of trigeminal nerve) and teflon insertion in Meckel’s cave (Rhee’s 
method) were performed. We believe that our results are par-
ticularly noteworthy given that our analysis is based on long-
term follow-up data (69.9 months). Although the rate of excel-
lent outcomes was only 56.7%, the rate of good outcomes 
approached 91.9%. Together, these numbers illustrate excellent 
surgical results. Based on five years of data, we deduced that re-
currence rates can be substantially reduced by complementing 
the conventional MVD procedure with PSR. Regardless, there 
is a need for further studies targeted at exploring the effects of 
PSR on the recurrence rate. The factors that have historically 
been associated with poor outcomes after an initial MVD in-
cluded female sex, pain duration, atypical features, and venous 
compression4,33). In the current study, there was no statistical as-
sociation between various factors and surgical outcomes. How-
ever, this discrepancy may indicate a difference in our study 
population, as Bakker et al.3) only investigated patients who un-
derwent MVD alone. 

This study has several limitations. First, it is a retrospective 
study. Second, being less than 10 years in duration, the follow-up 
period was relatively short. Third, the sample of patients includ-
ed was fairly small. Therefore, further, larger studies conducted 
over longer than10 years are needed to substantiate our findings. 

Table 4. Summary of literature regarding the success rate of repeat surgical treatment

Authors, year No. of patients Success rate (BNI I-III) Follow-up period (months)
Jannetta & Bissonette, 198520) 51 51% 53
Bederson & Wilson, 19896) 20 85% 48
Cho et al., 199411) 31 71% NS
Rath et al., 199631) 16 69% 90
Kureshi & Wilkens, 199823) 23 65% 17
Amador et al., 20082) 29 75% 34
Pollock  & Stein, 201030) 14 70% 36
Bakker et al., 20143) 33 67% 12
Yang et al., 201539) 15 93.3% 38
Present study 38 91.8% 69.9

No : number, NS : not stated, BNI : barrow neurological institute 
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CONCLUSION

The present study confirms that revision surgery, an inter-
vention that demonstrates a good success rate and a low com-
plication rate, is a feasible therapeutic option for patients with 
recurrent TN. Although PSR caused mild to moderate facial dys-
esthesia, this symptom was tolerable in most patients. There-
fore, MVD performed concurrently with PSR is a highly effective 
treatment strategy for patients with a history of failed pain man-
agement. For patients with recurrent TN despite various treat-
ments, aggressive surgical treatment should be considered.
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