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Abstract

Background To investigate the causes of failure and recurrence after microvascular decompression (MVD) for trigeminal
neuralgia (TGN) and to analyze the results of redo surgery.

Methods Sixty-three cases of redo surgery were retrospectively reviewed. Reasons for re-exploration were categorized into
4 groups based on the operative findings. Patient characteristics, outcomes of re-exploration, and operative complications
were analyzed by Kaplan—Meier and logistic regression analyses.

Results Reasons for redo surgery were divided into arterial compression in 13 patients (21%), venous compression in 11
patients (17%), prosthesis-related in 25 patients (40%), and adhesion or negative exploration in 14 patients (22%). Immediate
pain relief was obtained in 59 patients (94%) postoperatively with newly developed facial numbness in 17 patients (27%). Of
these, 48 patients (76%) maintained pain-free 1 year postoperatively. Overall recurrence was noted in 17 patients (27%) during
the median 49-month follow-up period. Most recurrences occurred within 1 year after redo surgery, but the prosthesis-related
patients showed a continuous recurrence up to 4 years. Patients having vascular compression showed significantly better
pain control than those without vascular contact in Kaplan—-Meier analyses (p=0.0421). No prognostic factor for pain-free
1 year after redo surgery was found.

Conclusions Redo surgery is effective for patients with remaining vascular compression rather than those without vascular
contact. Teflon contact onto the nerve root should be avoided because it is a potential risk for recurrence and causes poor
prognosis after redo surgery.
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Introduction

Microvascular decompression (MVD) is popularized as a
safe and effective surgical procedure for medically intracta-
ble trigeminal neuralgia (TGN) with a high success rate as
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well as limited morbidity and mortality [4]. While appropri-
ate decompression of the nerve root provides a high rate of
pain relief for patients with a distinct neurovascular conflict,
those without vascular contact tend to have less benefit from
MVD [8, 26]. Failure or recurrence after MVD is still prob-
lematic for neurosurgeons. Considering re-exploration for
sustained or recurrent facial pain is unpleasant for patients
who underwent MVD previously. In the literature, there is
approximately a 2% chance of annual recurrence after an
initial MVD, and a high recurrence rate after redo surgery,
as much as 58% at 10 years postoperatively, is reported [4].
Avoiding failure and minimizing recurrence remain an issue
in this field. Reports of redo surgery for TGN are limited,
and individual outcomes from different sources have not yet
been a focus [2-5, 7, 9, 10, 1215, 19-21, 23, 25, 28]. The
aim of this study is to review the surgical findings and out-
comes in redo surgery and make proposals for improving
outcomes in initial MVDs.
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Methods
Patient cohort

Among 625 consecutive MVDs for TGN performed in our
institutes from April 2005 to February 2021, 73 patients
(11.7%) were redo cases. Of these, 63 patients (10.1%) with
a follow-up period longer than 1 year were enrolled in this
study (Fig. 1). Nineteen patients (30%) were from our insti-
tutes, and the remaining 44 patients (70%) were operated
elsewhere for their initial MVDs. Patient characteristics and
information regarding TGN were collected from their medi-
cal records. The pain-free interval from the previous MVD
to recurrence and the duration from recurrence to re-explo-
ration were obtained. Recurrence is defined as any degree
of pain recurring after its disappearance and resuming any
medication and/or any additional surgical procedures. Fail-
ure is defined as no improvement of facial pain postopera-
tively. The number of patients having multiple MVDs and
previous ablative procedures before re-exploration, the num-
ber of patients with atypical pain, and those who underwent
intraoperative neurolysis were investigated.

Operative technique and grouping the redo surgery

Magnetic resonance imaging with fast imaging employing
steady-state acquisition and contrast-enhanced T1-spoiled
gradient recalled was performed for all patients. Three-
dimensional (3D) bone images of the skull were created to
evaluate the previous craniotomy sites. Surgical planning

Fig. 1 Participant flow diagram.
MVD, microvascular decom-
pression; TGN, trigeminal
neuralgia

with 3D reconstruction images of the affected trigeminal
nerve root and the adjacent anatomical structures using com-
puter software, GammaPlan® (ELEKTA, Stockholm, Swe-
den), was evaluated as previously described [16, 18]. Surger-
ies were performed through the retrosigmoid approach in the
lateral position. Auditory brainstem-evoked response was
monitored in all patients. In the cases with an insufficient or
inappropriate craniotomy, these craniotomies were expanded
to expose the transverse-sigmoid junction. Intradurally, the
neo-membrane was commonly found between the arachnoid
membrane and the petrous dural surface in most cases. Great
care was taken not to injure the petrosal vein complex, which
is frequently entrapped with arachnoid adhesion. Based on
the surgical findings, the reasons for re-exploration were
divided into 4 groups (Fig. 1): (1) “the arterial compression
group”, arterial compression is remaining on the nerve root
in 13 patients; (2) “the venous compression group”, a vein is
attached to the nerve root in 11 patients; (3) “the prosthesis-
related group”, a Teflon felt, a Teflon granuloma, or other
foreign materials being a cause in 25 patients; and (4) “the
adhesion or negative exploration group”, adhesion is consid-
ered to be the sole cause and/or no suspicious object caus-
ing pain in 14 patients. The vascular compression group is
composed of (1) the arterial compression group and (2) the
venous compression group. The non-vascular contact group
is composed of (3) the prosthesis-related group and (4) the
adhesion or negative exploration group (Fig. 1). The offend-
ing artery was relocated by thorough dissection of the nerve
root from the proximal to distal side. Small veins were coag-
ulated and divided. Large veins, such as the petrosal vein
and its direct tributaries, were dissected and relocated. The
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contacting prosthesis was carefully detached from the nerve
root and the brainstem. The arachnoid membrane attached
to the nerve root is thoroughly dissected. At the final step of
the procedure, the entire cisternal segment of the trigeminal
nerve root was freed from any contacting objects.

Assessment outcomes

All patients were followed up and evaluated for pain relief,
neurological status, and recurrence at our clinic, by mailed
questionnaires, or by telephone interviews for remote
patients. The period of pain-free without medication is
assessed by Kaplan—Meier analyses in the four groups, and
further analyses are conducted in the two groups with or
without vascular contact. Logistic regression univariate
analyses of the following variables were performed in regard
to pain-free 1 year after redo surgery: age, sex, affected side,
affected division, duration from the last MVD, pain-free
interval after the previous MVD, failure at the initial MVD,
number of multiple MVDs, previous ablative procedures,
preoperative numbness, pain type (typical or atypical), nerve
combing in redo surgery, and immediate pain relief after
redo surgery. In describing demographic characteristics,
p-values were obtained by linear regression for continuous
variables and the Mantel-Haenszel test for categorical vari-
ables. Each statistical test was set to be significant at p <0.05
(two-sided p-value). SAS software (version 9.4; SAS Insti-
tute, Inc., Cary, North Carolina) was used for all statistical
analyses.

Results

Patient characteristics, surgical outcomes, and follow-up are
summarized in Table 1.

Patient characteristics

The mean age of the patients at re-exploration was 60 years,
varying from 28 to 96 years. Female sex and the right side
were predominantly affected except that the left side was
more affected in the adhesion or negative exploration group.
No statistical difference was found in these factors. The sec-
ond division was significantly affected among the trigemi-
nal nerve divisions (p=0.0182). The pain-free interval after
the previous MVD varied from 0 (failure of initial MVD)
to 156 months with a median of 9 months and a mean of
20 months. The prosthesis-related group exhibited longer
pain-free intervals after their initial MVDs. Failure at the
initial MVD was observed in 19 patients (30%) among the
redo cases. They represent 38%, 27%, 32%, and 21% in the
arterial compression group, the venous compression group,
the prosthesis-related group, and the adhesion or negative

exploration group, respectively. The median and mean dura-
tion between the previous surgery and the re-exploration
were 36 and 62 months, respectively. Multiple MVDs of
two or more were predominantly performed in the adhesion
or negative exploration group (6 patients, 43%). Preopera-
tive ablative procedures, such as radiofrequency thermoco-
agulation and radiosurgery, were performed in 10 patients
(16%) in total. There were no statistical differences in the
four groups. Atypical pain was not recognized in the arterial
compression group, which was noted more in the venous
compression group (27%) and the adhesion or negative
exploration group (21%). Intraoperative neurolysis (nerve
combing) during redo surgery was predominantly performed
in the adhesion or negative exploration group (7 patients,
50%).

Surgical outcomes, follow-up, and data analyses

The follow-up period ranged from 13 to 150 months
(median 49 months, mean 57 months). Immediate pain
relief was obtained in 59 patients (94%) in total. All 13
patients in the arterial compression group showed post-
operative immediate pain relief and maintained pain-free
during the entire follow-up period except for one patient
(12 patients, 92%). Nine patients (82%) in the venous com-
pression group showed immediate pain relief postopera-
tively. All of them maintained pain-free for at least 1 year
after redo surgery, but one patient had recurrence after
1 year postoperatively. Patients in the prosthesis-related
and adhesion or negative exploration groups tended to
have more recurrences. Despite 24 patients (96%) in the
prosthesis-related group and 13 patients (93%) in the adhe-
sion or negative exploration group showing immediate
pain relief, 10 patients (40%) and 5 patients (36%) had a
recurrence, respectively, in the entire follow-up period. No
significant prognostic factors for pain-free 1 year after redo
surgery are found in logistic regression analyses except the
affected division of the trigeminal nerve (Table 2). This is
due to underlying significant differences in patient charac-
teristics and has no statistical value. Failure at the initial
MVD or immediate pain relief after redo surgery is not a
significant predictor in this study. Kaplan—Meier analyses
of the four groups demonstrated that recurrence mostly
occurs within 1 year, except in the prosthesis-related
group, which showed a continuous decline of pain-free
probability up to 4 years postoperatively (Fig. 2). The com-
parison between the vascular compression group and the
non-vascular contact group showed a significant difference
in Kaplan—Meier analyses (p=0.0421) (Fig. 3). The most
common complication of redo surgery is facial numbness,
which was noted in 17 patients (27%) in total. The patients
in the non-vascular contact group tended to develop more
facial numbness (28% in the prosthesis-related group, 43%
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Table 1 Summary of patient characteristics, surgical outcomes, and follow-up

Vascular compression group

——- Non-vascular contact group

Patient characteristics All Arterial compression Venous compression Prosthesis-related ~ Adhesion or p value
negative explo-
ration
No. of patients 63 13 21%) 11 (17%) 25 (40%) 14 (22%)
Mean age at redo surgery, 60 (28-96) 50 (28-85) 67 (41-83) 59 (33-96) 69 (52-80) 0.064
years (range)
Sex (male/female) 26 (41%)/137 (59%) 6 (46%)/7 (54%) 3 (27%)/8 (718%) 12 (48%)/13 (52%) 5 (36%)/9 (64%) 0.6512
Affected side (right/left) 37 (59%)126 (41%) 8 (61%)/5 (39%) 9 (82%)/2 (18%) 14 (56%)/11 (44%) 6 (43%)/8 (57%) 0.2691
Affected division
V1/V2/V3/V1,2/V2,3/ 1/16/16/5/19/6 0/7/3/2/0/1 0/3/3/1/4/0 1/3/3/2/12/4 0/3/7/0/3/1 0.0182*
V1,23
Median/mean pain-free 9/20 (0-156) 6/16 (0-122) 6/22 (0-72) 12/27 (0-156) 8/13 (0-56) 0.6106
interval after previous
MVD, months (range)
Number of failure cases at 19 (30%) 5 (38%) 3(27%) 8 (32%) 3(21%) 0.8013
the initial MVD (no pain
relief after initial MVD)
Median/mean interval 36/62 (2-240) 30/67 (9-180) 48/47 (17-108) 54/80 (11-240) 17/37 (2-240)  0.1604
between redo and previous
MVD, months (range)
Number of multiple MVDs 15 (24%) 1(7.7%) 2 (18%) 6 (24%) 6 (43%) 0.1889
(two or more)
Previous ablative procedures 10 (16%) 3 (23%) 2 (18%) 3 (12%) 1(7.1%) 0.6547
Preoperative numbness 8 (13%) 1(7.7%) 19.1%) 5 (20%) 1(7.1%) 0.5759
Atypical pain 7 (11%) 0 (0%) 3 (27%) 1 (4%) 3(21%) 0.0656
Neurolysis performed at 11 (18%) 2 (15%) 19.1%) 1 (4%) 7 (50%) 0.0032%*
redo surgery
Surgical outcomes and follow-up
Median/mean follow-up, 49/57 (13-150) 19/39 (13-149) 62/66 (18-150) 61/66 (16-136) 29/50 (13-134)  0.1887
months (range)
Immediate Pain relief 59 (94%) 13 (100%) 9 (82%) 24 (96%) 13 (93%) 0.3007
after redo MVD
Pain free at 1 year after 48 (76%) 12 (92%) 9 (82%) 18 (72%) 9 (64%) 0.3427
redo MVD
Recurrent pain during 17 27%) 1(7.7%) 1(9.1%) 10 (40%) 5 (36%) 0.0777
follow-up period
Median/mean pain-free ~ 21/34 (0-150) 18/28 (10-101) 29/47 (0-150) 24/34 (0-107) 13/28 (0-127)  0.5029
period after redo MVD,
months (range)
Complications
Facial numbness (new 17 (27%) 2 (15%) 2 (18%) 7 (28%) 6 (43%) 0.3803
or worsened)
Trigeminal trophic 1(1.6%) 0 (0%) 0 (0%) 1 (4%) 0 (0%) 0.6777
syndrome
Diplopia 2 (3.2%) 0 (0%) 0 (0%) 2 (8%) 0 (0%) 0.378
Hearing impairment 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0(0%) NC
Facial weakness 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0(0%) NC
Ataxia 1(1.6%) 0 (0%) 0 (0%) 1 (4%) 0 (0%) 0.6777

V1, the first division of the trigeminal nerve; V2, the second division of the trigeminal nerve; V3, the third division of the trigeminal nerve;
MVD, microvascular decompression; *significant difference; NC, not calculable
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Table 2 Logistic regression

s . Factor OR 95% CI p value
univariate analyses of pain-free
1 year after redo surgery Age at redo surgery 1.024 0.985-1.064 0.2285
Sex 0.643 0.191-2.168 0.4763
Affected side 1.336 0.415-4.293 0.6272
Affected division 0.639 0.410-0.995 0.0475%*
Duration from the last MVD 1.008 0.996-1.020 0.2101
Pain-free interval after the previous MVD 1.012 0.987-1.039 0.3414
Failure at the initial MVD 0.824 0.238-2.848 0.7591
Number of multiple MVDs 1.223 0.324-4.614 0.7662
Previous ablative procedures 2.8 0.321-24.424 0.3516
Preoperative numbness 2.15 0.448-10.312 0.3386
Pain type (typical or atypical) 2.75 0.540-13.99 0.2231
Nerve combing in redo surgery 0.272 0.032-2.319 0.2335
Immediate pain relief after redo MVD <0.001 NC 0.9669

MVD, microvascular decompression; OR, odds ratio; CI, confidence interval; *significant difference; NC,

not calculable

Fig.2 Kaplan—Meier analy-
sis of the outcomes of redo

Proportion of pain-free without medication

surgery. The curves represent
Y,
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in the adhesion or negative exploration group) than the
patients in the vascular compression group (15% in the
arterial compression group, 18% in the venous compres-
sion group). Other neurological complications, such as
trigeminal dysfunction, diplopia, and ataxia, were noted
only in the prosthesis-related group. Hearing impairment
and facial weakness were not noted in this series.

Months after redo surgery

Discussion

Redo surgery is frequently challenging due to adhesion
and a complex surgical field as compared to initial MVDs.
The previous literature regarding outcomes of redo surgery
with a number of cases is summarized in Table 3 [2-5, 7,
9,10, 12-15, 20, 21, 23, 25, 28]. The incidence of redo
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Fig.3 Comparison between
the vascular compression and
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cases among the total number of MVDs ranges from 3.6
to 16%. In most literature, the intraoperative findings of
redo surgery are divided into the following categories:
missed arterial compression, remaining venous compres-
sion, prosthesis-related, and adhesion or negative explora-
tion. Some authors perform their redo surgery following a
short period of observation (few days to few months) when
the initial MVD is recognized to be a failure [3, 4, 14,
21, 28]. In such instances, the surgeon may find a missed
vessel during re-exploration, advocating that a thorough
survey along with the nerve root is crucial to avoid fail-
ure [14]. However, the timing of redo surgery should be
carefully considered because delayed improvement or cure
may occur in some cases. Missing a culprit vessel in an
initial MVD should be strictly avoided as patients may
need to undergo additional surgery, which is unnecessary
if the initial MVD is successful. Careful observation using
multi-sequence MRI, including 3D T2 high-resolution in
combination with 3D time of flight MRA, T1-gadolinium-
enhanced spoiled gradient recalled, and further evalua-
tion with 3D reconstruction images, can reduce the risk
of missing offending vessels [17, 18, 22].

There are some sites where the missed offenders are
frequently found. In the cases with the superior cerebellar
artery, causative neurovascular compression is not always
located at the root entry zone. The neurovascular compres-
sion may be located distally near the porous trigeminus
or frequently obscured by the suprameatal tubercle [17].
Among the patients with the anterior inferior cerebellar
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artery missed, the caudal area of the root entry zone was
frequently not inspected in their initial surgeries. This area
requires extensive dissection of the petrosal fissure. In the
cases with multiple offenders, vessels located at one of these
areas might be ignored and not manipulated in the initial
surgery. The necessity of exploring offenders in these fre-
quently missed sites can be precisely predicted if careful
preoperative evaluation is performed [17, 22].

Venous involvement as a cause of TGN is not rare. MVD
with complete liberation of the entire nerve root from venous
compression gives a good probability of long-term pain
relief [11]. Veins that are not properly managed can be a
cause of failure or later recurrence. Small veins attaching to
the trigeminal nerve root can be safely divided [16]. Larger
veins, such as the main stem of the petrosal vein and its
large tributaries, should be relocated from the nerve root
by maintaining venous flow to avoid venous complications
[18]. Venous involvement can be detected preoperatively
by T1-gadolinium MRI [16, 22]. Precise surgical planning,
including venous involvement, is crucial in avoiding failure.
Our study revealed that failed patients with remaining vascu-
lar compression, by either arteries or veins, can be success-
fully treated by relocating the vessels in the redo surgery.
Avoiding failure, however, by extensive preoperative evalu-
ation prior to the initial MVD, is more crucial rather than
undergoing re-exploration for patients suffering from TGN.

Inserting a Teflon pledget between the offending ves-
sels and the nerve root is a widely accepted decompres-
sion method. However, Teflon adhesion and relevant



2413

Acta Neurochirurgica (2021) 163:2407-2416

Sjerp
SN SN -ouwwt %¢8 SN SN SN BLO LT (%EL) 9 9¢ skepg-z  (%9°€) 9y vLTI TI0T  [9] Suoyz
s1eak ¢
e %SL
) ‘Teak | (s1eak 67—shep ¥)
sso[ Sutreoq %TS e %08 (%86 11 SN (%P L (%¥1) ¥ (%SP) €1 ye  syuowr gL UBdN (%91) 6T 981 800T [8]Iopeury
s1eak 7 e
%001 e
(1) Sutreay -Ipauut (8% [zel
pasealdeq %08 %001 SN (%00 (%0009 (%0) 0 (%0) 0 9¢  syuowr 6] UBIN (%€L)9 ¢8 000C ewlysnsieN
Q)erpauul
SN %0 %001 SN (%0D1 (%09 ¢ (%01) 1 (%0¢) € SN syuow zH—1 (%' 11) 01 68 000C (L] usyD
@
ssouyeom
[e1oe] “(€) nd
§0[ SuLreoq SN Ise[Ie %G9 %€8 (%0L) 9T (%TD S (%0) 0 %¥) 1 LT smeakg[-skep ] (%6'9) €T I€€ 8661 [81] Msarmnyy
m
eIxeie (g)
sso[ Sutreay nAg (29-)
‘(1) HOI %Yy ISeLIR %69 %98  (%¥Y) L (%0) 0 (%0) 0 (%99) 6 06  syuowr L] UBdN (%TD 91 Sel 9661 [LT] wey
(1) sso
Suureay *(9)
ssouyeom
Teroey (1) s1eak O Je
uonorejut %Th 1P
wajsurerq %0€'8  -ouwl %96 SN SN SN (%TL) S6 (%09) 6L (oz1-2D steok z—skep ¢ (%11) €l S8IT 9661  [c] 1ovteg
BIL
‘reak | (s1eak p—29m 1)
SN SN e %ee %TS (BT (BED ¥ (%D v (%20 L SN SN (%80 1€ 00 ¥661 [c1]oud
)
SSoUEOM
Teroey (1)
BIsayjsoue N4 [€]
[eaulo) %01 Ise[Ie %GL %06 (%91 SN SN SN 8y SN (%6'L)0C ST 6861 uosIopag
(1) ssau
-Yeom Teroej N s8] 1
‘(1) Asred %16 "eIp (%L9-€€)  (%15-00) lor]
suaonpqy %0 -eWWI %19 SN »D1  (%86)¢ Ye-L1 9¢-01 €S SN IS SN 6861 epouuef
(pauasiom
suoneordwod IO MU) sjuaned
[ed1Sojomou  ssouquinu der o (sypuour) QAN snotaaxd  sased opal [e10) JO
Y0 [e1oRq donj-ured  /INI/SNd UOISQUPY  SISQUIsoId UIoA K01y dn-moqjog woljJ [BAIIU]  JO JOqUINN oquinN Jeax oyny
103[qo SurpuayyO

e13[eIndu [eunudg L J0J A1931ns opar Surpresal ainjerd)I| Jo Arewwns € ajqel

pringer

a's



Acta Neurochirurgica (2021) 163:2407-2416

2414

a3eyrio

-WY JB[[9qRI0RIUT ‘F7 )] ‘P3RS Jou ‘SN ‘dn-mo[[oJ ‘)7 ‘uorssarduiod JOOI SAISU [eUTWASLY ‘)Y SISA[oInau aanieradoenur “7/7 ‘Uonoas aAIdU [enaed ‘N UOTSSaIdWO0ap IB[NOSBAOIOTW ‘(JA A

m
eIxere (g)
erdordip (1) 1Rk 1 1®
uondunysAp %9L “OrRIp () ad] Apmys
[eurweS Iy, %BLT  -PWUWI %16 8D 11 (%TD ¥1  (%0p) ST (BLD 11 (%10 €1 LS syuoul g9 uesj (%01) €9 §29 1coc juasald
Ik T 1®
%001 ‘A1
-fpatuwt
SUON 3! %001 (%0) 0 (%0) 0 (%0) 0 (%€D) 1 (%88) L LT sypuour ¢—s£ep 9 (%6'6) 8 S0 020t  [61] Sueny
NAse[ e
@ %SL “¥eIp (rr1-81)
$S0[ SULIEOH %CE -l %88 (%60 Tl (%60 T1 (%00 8 (%51 9 (%L8) ST b syuowr GG UBIN 84 SN 610C [01] Sueyd
syIuow 9¢
Qaxj-ured
ueIpow
QeIp [oz]
QUON %0 -eWWI %Ly v 11 (%619 (%1'6) € (%61) 9 (%ED ¥ (8%-9) SN (%8) T€ 00¥ 810¢ utessny
Ndse[e
%08 “¥eIp
QUON %0 -ouwl %08 %019 (%619 (%TE) V1 (%S9 ¢ (%67) 6 9¢ SN SI SN 810¢T [+1] Suaq
M
stsoyoAsd
jJuaIsuer) N Ise[ e
(1) Asred %L9 “TeIp (rr1-01)
[eloeq %0€'8 oWl %¢8 SN (%E€)1 (%D ¥ (%€9) 1 (%09) 9 ¢S squow JGUBIN  (%L'E) CT Ice v10¢ [cT1nD
m ek |
$0[ SULIEOH LT 18 %LY ®9NT BTDY (%8191 (%81) 9 %10 L Cl sieok 7—Aep 0 (%8'8) €€ 9LE ¥10T [92] oPeg
(pauasiom
suorjeordwod IO MaU) sjuaned
[eo1Sojomou  ssouquinu qer o) (syjuour) QAN snotaaxd  sosed opar [e103 Jo
Y0 [e1oR] oolj-ured  /INI/SNd UOISQUPY  SISayIsoid UIOA A1y dn-mofjoq WOl [BAIQU]  JO JoqUINN oquinN Jeax oyny
103[qo Surpusgyo

(ponunuoo) ¢ 3jqey

pringer

Qs



Acta Neurochirurgica (2021) 163:2407-2416

2415

granulomas are reported to be a cause of recurrent TGN in
the long term [3, 7, 12, 13, 23, 27]. Sindou et al. reported
the importance of a non-compressive technique without
Teflon contact to the nerve root. It provides a higher cure
rate than Teflon prosthesis implantation with contact to
the nerve root [27]. Further, even though the contacting
Teflon is removed in redo surgery, our study demonstrated
that there is a continuous risk of recurrence up to 4 years
postoperatively, suggesting that Teflon contact may have
a negative impact on trigeminal pain in the long term,
even after re-exploration. Two hypotheses to explain this
continuous risk of recurrence are considered. One is the
persisting inflammatory reaction that remains in the nerve
root even after removing the Teflon felt. Chen et al. dem-
onstrated an inflammatory response by a Teflon felt placed
on the dura mater and the cerebellar tentorium [7]. The
photomicrographs of the sections showed numerous frag-
ments of Teflon in the foreign body giant cell granuloma-
tous tissue. Similarly, Teflon contact on the nerve root
may provoke inflammatory changes that may cause persis-
tent TGN. Arachnoiditis is reported to be associated with
poorer outcomes than typical vascular compression [24].
Teflon contact may provoke arachnoiditis of the nerve root,
which may persist in the long term. The other speculation
is that some patients in whom vascular compression is not
a true pathogenesis might be treated with Teflon insertion
in their initial surgeries. Vascular conflict is not always
a cause of TGN because vascular conflict is commonly
found on MRI of those without TGN [1, 19]. An individual
anatomical variation of the root, such as angulation of the
trigeminal nerve, may be involved in the pathogenesis of
trigeminal neuralgia [6]. In such cases, unnecessary Teflon
insertion may be carried out to ensure nerve decompres-
sion in the initial surgery. Our observation revealed that
Teflon felt in contact with the nerve root may be harm-
ful because it may cause poor prognosis, even after redo
surgery.

Limitations of this study include the nature of the retro-
spective design with a small number of patients. Another
limitation includes the reliability of grouping based on
the surgeon’s observation during surgery. A larger number
of patients with a longer follow-up period are needed to
confirm our conclusions.

Conclusion

Redo surgery is effective for those who have remaining
vascular compression. An extensive preoperative evalu-
ation is more crucial so as not to miss the responsible
vessels as in the initial MVD. Teflon contact on the nerve

root should be avoided because it may cause recurrence
and have poor outcomes, even if removed.

Acknowledgements We thank Ms. Satomi Fujimura and Ms. Yasuko
Noda for assistance with data collection.

Declarations

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Conflict of interest All authors declare no competing interests..

References

1. Adamczyk M, Bulski T, Sowiriska J, Furmanek A, Bekiesiniska-
Figatowska M (2007) Trigeminal nerve - artery contact in peo-
ple without trigeminal neuralgia — MR study. Med Sci Monit
13:38-43

2. Amador N, Pollock BE (2008) Repeat posterior fossa explora-
tion for patients with persistent or recurrent idiopathic trigeminal
neuralgia. ] Neurosurg 108:916-920

3. Bakker NA, Van Dijk JM, Immenga S, Wagemakers M, Metzem-
aekers JD (2014) Repeat microvascular decompression for recur-
rent idiopathic trigeminal neuralgia. J Neurosurg 121:936-939

4. Barker FG 2nd, Jannetta PJ, Bissonette DJ, Larkins MV, Jho HD
(1996) The long-term outcome of microvascular decompression
for trigeminal neuralgia. N Engl J Med 334:1077-1083

5. Bederson JB, Wilson CB (1989) Evaluation of microvascular
decompression and partial sensory rhizotomy in 252 cases of
trigeminal neuralgia. J Neurosurg 71:359-367

6. Brinzeu A, Dumot C, Sindou M (2018) Role of the petrous ridge
and angulation of the trigeminal nerve in the pathogenesis of
trigeminal neuralgia, with implications for microvascular decom-
pression. Acta Neurochir (Wien) 160:971-976

7. ChenlJ, Lee S, Lui T, Yeh Y, Chen T, Tzaan W (2000) Teflon
granuloma after microvascular decompression for trigeminal neu-
ralgia. Surg Neurol 53:281-287

8. Chengl, Lei D, Zhang H, Mao K (2015) Trigeminal root compres-
sion for trigeminal neuralgia in patients with no vascular compres-
sion. Acta Neurochir (Wien) 157:323-327

9. Cheng J, Meng J, Lei D, Hui X (2019) Repeat microvascular
decompression for patients with persistent or recurrent trigeminal
neuralgia: prognostic factors and long-term outcomes. Medicine
(Baltimore) 98:¢15167

10. Cho DY, Chang CG, Wang YC, Wang FH, Shen CC, Yang DY
(1994) Repeat operations in failed microvascular decompression
for trigeminal neuralgia. Neurosurgery 35:665-669

11. Dumot C, Brinzeu A, Berthiller J, Sindou M (2017) Trigemi-
nal neuralgia due to venous neurovascular conflicts: outcome
after microvascular decompression in a series of 55 consecutive
patients. Acta Neurochir (Wien) 159:237-249

12. Feng BH, Wang XH, Li ST (2018) Posterior fossa re-exploration
for recurrent trigeminal neuralgia: operative findings and surgical
techniques. J Craniofac Surg 29:1284-1286

13. Gu W, Zhao W (2014) Microvascular decompression for recurrent
trigeminal neuralgia. J Clin Neurosci 21:1549-1553

@ Springer



2416

Acta Neurochirurgica (2021) 163:2407-2416

14.

15.

16.

17.

18.

19.

20.

21.

22.

Huang Z, Pu B, Li F, Liu K, Hua C, Li C, Zhao C, Li J, Li X
(2020) Analysis of Failed Microvascular Decompression in
Patients with Trigeminal Neuralgia. J Neurol Surg B Skull Base
81:567-571

Hussain MA, Konteas A, Sunderland G, Franceschini P, Byrne P,
Osman-Farah J, Eldridge P (2018) Re-exploration of microvas-
cular decompression in recurrent trigeminal neuralgia and intra-
operative management options. World Neurosurg 117:e67-e74
Inoue T, Hirai H, Shima A, Suzuki F, Fukushima T, Matsuda
M (2017) Diagnosis and management for trigeminal neuralgia
caused solely by venous compression. Acta Neurochir (Wien)
159:681-688

Inoue T, Goto Y, Prasetya M, Fukushima T (2020) Resection
of the suprameatal tubercle in microvascular decompression for
trigeminal neuralgia. Acta Neurochir (Wien) 162:1089-1094
Inoue T, Shitara S, Goto Y, Prasetya M, Fukushima T (2021)
Petrosal vein involvement in neurovascular conflict in trigeminal
neuralgia: surgical technique and clinical outcomes. Oper Neuro-
surg (Hagerstown) 20:E264-E271

Jani RH, Hughes MA, Gold MS, Branstetter BF, Ligus ZE, Sekula
RF Jr (2019) Trigeminal nerve compression without trigeminal
neuralgia: intraoperative vs imaging evidence. Neurosurgery
84:60-65

Jannetta PJ, Bissonette DJ (1985) Management of the failed
patient with trigeminal neuralgia. Clin Neurosurg 32:334-347
Kureshi SA, Wilkins RH (1998) Posterior fossa reexploration for
persistent or recurrent trigeminal neuralgia or hemifacial spasm:
surgical findings and therapeutic implications. Neurosurgery
43:1111-1117

Leal PR, Hermier M, Froment JC, Souza MA, Cristino-Filho G,
Sindou M (2010) Preoperative demonstration of the neurovas-
cular compression characteristics with special emphasis on the
degree of compression, using high-resolution magnetic resonance

@ Springer

23.

24.

25.

26.

217.

28.

imaging: a prospective study, with comparison to surgical find-
ings, in 100 consecutive patients who underwent microvascular
decompression for trigeminal neuralgia. Acta Neurochir (Wien)
152:817-825

Matsushima T, Yamaguchi T, Inoue TK, Matsukado K, Fukui
M (2000) Recurrent trigeminal neuralgia after microvascular
decompression using an interposing technique. Teflon felt adhe-
sion and the sling retraction technique. Acta Neurochir (Wien)
142:557-561

Mazzucchi E, Brinzeu A, Sindou M (2019) Arachnoiditis as an
outcome factor for microvascular decompression in classical
trigeminal neuralgia. Acta Neurochir (Wien) 161:1589-1598
Rath SA, Klein HJ, Richter HP (1996) Findings and long-term
results of subsequent operations after failed microvascular decom-
pression for trigeminal neuralgia. Neurosurgery 39:933-938
Revuelta-Gutiérrez R, Lopez-Gonzélez MA, Soto-Hernandez JL
(2006) Surgical treatment of trigeminal neuralgia without vascular
compression: 20 years of experience. Surg Neurol 66:32-36
Sindou M, Leston JM, Decullier E, Chapuis F (2008) Microvas-
cular decompression for trigeminal neuralgia: the importance of
a noncompressive technique—Kaplan-Meier analysis in a consecu-
tive series of 330 patients. Neurosurgery 63:341-350

Zhong J, Li ST, Zhu J, Guan HX, Zhou QM, Jiao W, Ying TT,
Yang XS, Zhan WC, Hua XM (2012) A clinical analysis on micro-
vascular decompression surgery in a series of 3000 cases. Clin
Neurol Neurosurg 114:846-851

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Redo surgery for trigeminal neuralgia: reasons for re-exploration and long-term outcomes
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Patient cohort
	Operative technique and grouping the redo surgery
	Assessment outcomes

	Results
	Patient characteristics
	Surgical outcomes, follow-up, and data analyses

	Discussion
	Conclusion
	Acknowledgements 
	References


