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Abstract Objective The study aimed to determine long-term outcomes in patients with
intraoperative electrical conduction block in an anatomically intact facial nerve (FN).
Methods Single center retrospective review of prospectively collected database of all
vestibular schwannomasurgeries between January 1, 2008andAugust 25, 2015.Operative
notes were reviewed and patients with anatomically intact FNs, but complete conduction
block at the end of surgery were included for analysis.
Results In total, 371 patients had vestibular schwannoma surgery of which 18 met
inclusion criteria. Mean follow-up was 34.28 months and average tumor size was
28.00mm. Seventeen patients had House-Brackmann Grade VI facial palsy immedi-
ately postoperatively and one patient was grade V. At 1 year, three patients remained
grade VI (17%), two improved to grade V (11%), seven to grade IV (39%), six to grade III
(33%), and one patient to grade II (6%). On extended follow-up, five patients (28%) had
additional 1 to 2 score improvement in facial function. Subset analysis revealed no
correlation of tumor size, vascularity, adherence to nerve, operative approach, extent
of resection, splaying of FN, and recurrent tumor or sporadic tumors to the extent of FN
recovery.
Conclusion Intraoperative conduction block does not condemn a patient to perma-
nent FN palsy. There is potential for a degree of recovery comparable with those
undergoing nerve grafting. Our data do not clearly support a policy of same-surgery or
early-postoperative primary nerve grafting in the event of a complete conduction
block, and instead we favor monitoring for recovery in an anatomically intact nerve.
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Introduction

The introduction of the operative microscope and intra-
operativeelectrophysiologicalmonitoringhas led to significant
improvements in the morbidity and mortality associated with
modern skull base surgery. The emphasis of surgical resection
of vestibular schwannoma (VS) has thus shifted from decreas-
ing intraoperative and perioperative mortality to improving
postsurgical morbidity and preserving neurological function,
with particular attention made to the preservation of hearing
and facial nerve (FN) function.While the rates of FNanatomical
preservation and functional outcomes after VS surgery have
greatly improved,1–3 there still remains a subset of patients
who experience significant functional deficits postoperatively
despite anatomic preservation of the FN. In such patients who
have an anatomically intact FN but loss of electrical respon-
siveness duringmaximal intraoperative stimulation, questions
remain as to the natural course and degree of functional
improvement that can be expected.

In this study, we aimed to evaluate the time course and
level of functional recovery that can be expected in patients
who develop FN conduction block during resection of VS and
to evaluate for any predictive factors which may influence
their recovery.

Materials and Methods

A retrospective review of a prospectively collected operative
database was performed identifying all patients who under-
went resectionofVSat theManchesterSkullBaseUnitbetween
January 1, 2008 and August 25, 2015. Information from the
database was supplemented with a subsequent review of
clinical records and operative notes. Data collection included
age at surgery, sex, tumor size, and House-Brackmann grading
(HBG) scale preoperatively and immediately postoperatively at
1 year and at latest follow-up, operative approach, extent of
resection, sporadic versus recurrent tumor, neurofibromatosis
type 2 (NF2) status, preoperative symptoms, FN course, tumor
vascularity, tumor adherence to the FN, FN splay, andhistory of
adjunctive FN procedures.

Inall casesaMagstimNeurosignN800monopolarprobewas
used with stimulation set at 0.05mA on the FN. A constant
current electrical source with waveform threshold of 0.03mV
and 200 microseconds pulse duration was used. When the FN
becameunresponsiveto0.05mA, thestimulationwasescalated
in a stepwise manner up to 2mA. If the nerve was not respon-
sive to this level of stimulationamplitude, the term “electrically
unresponsive” was used.

Statistical analysiswasperformedbyusingXLSTAT(XLSTAT
Premium, Version 2020.2.3.65344, Addinsoft 1995–2020).
Descriptive statistics were expressed by using means with
normal distributions and medians with skewed distributions.
Contingency analysis using the Chi-square test was used to
compare FN outcomes with sex, completeness of tumor
removal, sporadic tumors, recurrent tumors, operative
approach, tumor vascularity, FN adherence, and FN splay.
Logistic fit modeling was used to compare age and tumor
size with FN outcomes. Values of p �0.05 were considered a

statistically significant result. Cross-reference statistical
analysis was conducted to corroborate primary analyses. For
variables compared across scalar quantities (i.e., House-
Brackman grade versus age and tumor size), Spearman, and
Pearson linear regressions were used to demonstrate, if any,
correlations existed therein. Variables which compared
variables of linear/scalar quantity against categorical data
(i.e., House-Brackman grade versus sex and operative
approach) were analyzed by point-biserial correlations.
Variables compared against House-Brackmann grading both
at 1 year and latest follow-upwith nominal values (i.e., yes/no
or triple variable extent of tumor)were evaluated via one-way
ANOVAtesting. Linearcorrelationswereassessed forbestfit for
(þ1) positive or (�1) negative correlation. Point-biserial
variable analyses were evaluated on a two-tailed
confidence intervals, with values of p <0.05 determining
significance. One-way ANOVA testing was evaluated for
significance through interpretation of adjusted correlation
(R) values, values of Pr> F<0.05, and Pr> |t|<0.005.

Results

Therewere 371VS operations during the study period and 21
patients (6%) were identified as having an anatomically
intact, but electrically unresponsive FN despite maximal
stimulation at the end of their surgery. Three patients
were excluded from the analysis, 2 due to lack of immediate
follow-up data, and 1 due to a preoperative ipsilateral HBG V
from previous surgery, leaving 18 patients for analysis of
their FN recovery at 1 year and latest follow-up. This cohort
was comprised of 11 women and 7 men (►Table 1). The
average age at time of operation was 49.44 months, with a
range from 16 to 72 months. The average follow-up for the
cohort was 34.28months, ranging from10 to 96months. Two
patients were followed up elsewhere after their first year
follow-up in Manchester.

Of the 18 patients analyzed, 16 had a unilateral, sporadic
VS and 2 patients had NF2. All patients had a preoperative
HBG of I. The mean tumor size was a cerebellopontine angle
component of 28.00mm (range¼5–60mm, ►Table 2).
Surgical approaches for the resection of VS included 13
(72%) through a translabyrinthine approach and 5 (28%)
via a retrosigmoid approach. From the operative records, 3
tumors were noted to be vascular and 10 demonstrated
particular adherence to the FN. The extent of tumor resection
achieved in this cohort was 6 gross total resections, 10 near-
total (>95%) resections, and 2 subtotal resections.

All patients had true FN conduction block, that is, loss of
electrical responsiveness proximal to the point of presumed
block but continued to stimulate distally. With regard to the
point of conduction block, one occurred during the trans-
labyrinthine approach with a dural breach close to the FN, but
no direct macroscopic trauma to the FN, which never stimu-
lated intraoperatively and was macroscopically intact along it
length at the end of the procedure. In 2 patients, there was no
stimulation at outset, and in the other 16, all stopped stimu-
lating during tumor dissection from the FN despite maximal
stimulation. During the immediate postoperative period,
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Table 1 Preoperative patient characteristics

Case Age Sex NF2 Sporadic tumor Recurrent tumor Preoperative symptoms

1 63 Male No Yes No ?

2 33 Female No Yes No HL, B, facial numbness

3 71 Male No Yes No B

4 36 Female No Yes No HL, T, B

5 46 Female No Yes No HL, T, V

6 38 Female Yes No No ?

7 16 Female No Yes No HL, T, B

8 41 Female No Yes No HL

9 72 Female No Yes No ?

10 59 Male No Yes No HL, T, B

11 70 Female No Yes No HL, B

12 47 Male No Yes No HL, T

13 48 Female No Yes No HL, B

14 32 Female No Yes No HL, T, facial numbness

15 57 Female No Yes No HL, T

16 62 Male No Yes No HL, B

17 54 Male Yes No Yes HL

18 45 Male No Yes No HL

Summary 49.44 years old 61.11% female 11.11% NF2 88.89% sporadic 5.56% recurrent 77.78% HL

Abbreviations: B, bulbar signs; HL, hearing loss; NF2, neurofibromatosis 2, T, tinnitus; V, vertigo.

Table 2 Tumor characteristics and operative details

Case Tumor
size (mm)

Approach FN course Vascular
tumor

Adherence
to FN

FN splay Extent of
resection

1 10 TL Behind 8, superior porus No Yes No NTR

2 30 TL Anteriosuperiorly against brainstem No No No GTR

3 60 RS Not documented Yes Yes Yes STR

4 34 TL Along brain stem to superior
pole then laterally

Yes Yes No NTR

5 17 TL Not documented No No No GTR

6 30 TL Up stem lateral at level of porus No Yes No NTR

7 30 RS Not documented No No No GTR

8 30 RS Not documented No No Yes GTR

9 28 TL Not documented No No No NTR

10 30 TL Not documented No Yes No NTR

11 12 TL Not documented No No No GTR

12 40 TL Unusually laterally displaced No Yes Yes STR

13 54 TL Inferiorly Yes Yes Yes NTR

14 27 RS Anterior No Yes Yes NTR

15 5 TL Not documented No No No NTR

16 18 TL Anterior and superior to porus No No No GTR

17 40 TL Anterior and superior No Yes Yes NTR

18 9 RS Anterior and superior No Yes Yes NTR

Summary 28.00 mm 72.22% TL 44.44% not documented 16.67%
vascular

55.56%
adherent

38.89%
FN splay

33.33% GTR

Abbreviations: FN, facial nerve; GTR, gross total resection;NTR, near total resection (>95%); RS, retrosigmoid; STR, subtotal resection; TL, translabyrinthine.
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17patients hadHBGVI facial palsyand1patientwasHBGV.At
1 year, threepatients remained atHBGVI (17%), two recovered
to grade V (11%), seven to grade IV (39%), six to grade III (33%),
and one patient to grade II (6%) (►Table 3, ►Fig. 1).

On extended follow-up, five (28%) patients were found to
have a further 1 to 2 score improvement in FN function (mean
follow-up in these patients was 38.4 months), one patient
improved from grade V to grade IV, two patients improved
from grade IV to grade III, and notably, two patients improved
from grade IV to grade II (►Fig. 2). Both grade VI patients at

1 year remained grade VI. At the latest follow-up (mean
¼34.28 months), three (17%) patients were HBG II, eight
(44%) grade III, three (17%) grade IV, two (11%) grade VI, and
two (11%) did not have grading available (►Fig. 3).

Subset analysis at 1 year and latest follow-up revealed
no statistically significant correlation between degree of FN
recovery and age, sex, tumor size, sporadic tumors, recurrent
tumors, operative approach, vascular tumors, tumors adherent
to the FN, FN splay, or extent of resection (►Supplementary

Table S1, available in the online version).

Table 3 Facial nerve functional outcomes

Case Preoperative
HBG

Immediate
postoperative
HBG

1-year
HBG

HBG at latest
follow-up

Total follow-up
time months

Adjuvant procedures

1 1 6 3 3 25 Botox for aberrant FN regeneration,
Canthoplasty

2 1 6 3 3 96 None

3 1 6 4 4 62 Canthoplasty, SRS to tumor remnant

4 1 6 4 Followed-up
elsewhere

12 Unknown

5 1 6 4 3 64 Unknown

6 1 6 4 2 58 SRS to tumor remnant

7 1 6 5 Followed-up
elsewhere

48 Hypoglossal anastomosis

8 1 6 5 4 36 Canthoplasty

9 1 6 6 6 24 Unknown

10 1 6 3 3 21 None

11 1 6 3 3 37 None

12 1 6 3 3 42 SRS prior to surgery

13 1 6 4 3 24 Unknown

14 1 6 4 4 12 Unknown

15 1 6 2 2 22 None

16 1 6 4 2 10 None

17 1 6 6 6 12 None

18 1 5 3 3 12 None

Abbreviations: FN, facial nerve; HBG, House-Brackmann Grading; SRS, stereotactic radiosurgery.

Fig. 1 HBG at 1 year. Cohort HBG scores at 1 year. HBG, House-Brackmann Grading.
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Discussion

Successful preservation of FN function remains the goal of
microneurosurgical resection of VS. The loss of FN function is
associated with decreased quality of life and is a source of
significant stress to VS patients.4 Thankfully, in the modern
era of microsurgical skull base surgery, the vast majority of
patients undergoing resection of VS will experience
satisfactory preservation of their FN function. However,
the management of patients who experience loss of FN
function despite anatomic preservation of the FN presents
a unique challenge to skull base surgeons. Questions remain
regarding when to recommend facial reanimation surgery
and for patients who opt for conservative management, the
timing and extent of recovery is difficult to prognosticate.

InpatientswithFNdysfunction,we appreciate that aHBG III
orbetter implies thepatient isabletoclosetheir eyecompletely
and is associatedwith lowermorbidity to the eye than patients
with HBG IV or worse.5 Therefore, the treatment of patients
with FN dysfunction is directed at achieving HBG III or better.

Patients with significant FN dysfunction may be offered
primary reanimation surgical interventions including end-
to-end anastomosis, nerve interposition grafts, faciohypo-
glossal transposition, and crossed FN grafting with free
tissue muscle transfer of the gracilis, latissimus dorsi, or
pectoralis minor.6 The primary goal of these procedures is to
restore symmetrical facial tone at rest and with voluntary
movement, however, no method restores emotionally trig-
gered spontaneous movement. End-to-end anastomoses are
best used at the time of injury and may be limited by lack of
neuronal length to achieve a tension-free anastomoses. The
use of interposition grafting, using greater auricular or sural
nerve donors can overcome this limitation, but is still best
performed as proximal to the time of injury as possible to
ensure survival of motor end plates and improve outcomes.
When proximal nerve stumps are not accessible, or when the
length of interposition graft exceeds what is available from
donors, crossover techniques such as faciohypoglossal
transposition or crossed facial grafting can be performed;
however, these require the sacrifice of a normal functioning
donor nerve andmay result in homolateral paralyses, tongue
atrophy, or speech, and swallowing dysfunction. Free muscle
transfer can be added to dynamic reanimation, especially
with facial soft tissue defects but requires specialized
microvascular expertise.

A body of literature has examined the effectiveness of
reanimation procedures in patients with prior resection of
VS. Malik et al in 2005 described outcomes at 2 years for
various reanimation procedures and reported on 13 patients
that underwent end-to-end grafting with 85% improving to
HBG III or II, 25 patients that underwent cable grafting with
56% improving to HBG III, and 28 patients that received
faciohypoglossal transposition with 25% improving to HBG
III. Only two patients in their series improved to HBG II, and
they both received end-to-end grafting.7 Bacciu et al in 2009

Fig. 2 HBG at 1 year and latest follow-up. Arrows denote cases with further improvement in HBG beyond 1 year. Note cases 4 and 7 did not have
follow-up beyond 1 year. HBG, House-Brackman grading.

Fig. 3 House Brackman Grading at latest follow-up.
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reported on 33 patients who received cable nerve grafting
with 75% achieving HBG III at 1 year.8

Of the 18 patientswith intraoperative conduction block in
this study, 17 were found to have HBG VI facial palsy and 1
HBG V. We believe this is most possibly related to the
amplitude of the stimulation used intraoperatively and
perhaps some degree of immediate postoperative recovery
of FN function. In our experience, if a nerve is not stimulating
above 2mA, the patient will have a facial palsy and stimula-
tion is not continued to the limits of the stimulator. There are
also patients that retain facial tone and barely perceptible
movement particularly in the lower face for a few days, even
if there is no intraoperative electrical stimulation, and are
graded below VI on the HB scale.

We routinely refrain from use of bipolar on the FN. We
believe most of our cases that developed conduction block
were due to traction and dissection on the FN. Disruption of
microvasculature supplying the nerve during dissection is
another possible cause for the conduction block in our cases.9

During VS resection, our aim is always to leave as little tumor
remnant as is safely possible. In our practice, in the event of
loss of electrical stimulation to the nerve—if we have a clear
visual on the nerve and even better—had prior stimulation
along that visual, we routinely continue tumor dissection.
However, if we do not have a clear visual, thenwe would not
necessarily halt, but instead debulk to as thin as we felt
reasonable to not further risk nerve integrity. In either
scenario, our goal remains to leave as little tumor as possible.

In the present study, seven patients (39%) improved to
HBG III or better at 1 year with conservative management,
and on extended follow-up (mean¼34.28 months), 11
patients (61%) had improved to HBG III or II. While our
sample size is small, the degree of improvement achieved
by our patients on conservative management at long-term
follow-up is comparable to the rates achieved in facial
reanimation surgery. This is in keeping with Carlson et al
2012who presented a comparable cohort of 11 patientswith
FN conduction block after VS surgery and similarly did not
find any correlative or predictive factors for outcome, but did
have 5 patients achieve HBG III function and 2 reachHBG II at
1 year, with an overall percentage of 64% achieving HBG III or
better at 1 year on conservative management.10 On the
basis of their findings they discouraged the practice of
same-surgery nerve grafting in the setting of an anatomically
intact but electrically silent FN.

In our study there was no correlation between FN recovery
and tumor size or extent of resection. This stands for all the
other variables analyzed such as tumor vascularity, adherence
to the nerve or splaying of thenerve. This leaves surgeonswith
very little way of immediately predicting which patients will
make a good recovery.

Of interest, all patients in the present study whowere HBG
VI at 12monthswere found tohaveno further improvement in
HBG score on extended follow-up. Albathi et al reported that
the recoverypattern in thefirst 6postoperativemonthsamong
patients who develop facial paralysis after cerebellopontine
angle tumor resection may be a useful clinical tool to select
patients for early facial reanimation surgery.11 Rivas et al

reported in their multivariate analysis of 281 patients with
conduction block after resection of VS that the rate of FN
recoveryduring thefirst yearmayserve as auseful predictorof
FN outcomes.12 Furthermore, in their analysis, they too found
tumor size, tumor vascularity, preoperative facial function, age
at surgery, and ability to stimulate the nerve intraoperatively
did not contribute significantly to their predictive model. A
multivariate analysis of 229 patients with conduction block
following VS resection by Torres et al found tumor adherence
and tumor stage were associated with impaired FN function
(HB grade III–VI) at initial evaluation on postoperative day 8,
but found no predictive factors for FN recovery at 1 year.13 The
results from our cohort support these authors findings.

The usefulness of intraoperative electrophysiologicalmoni-
toring during resection of VS cannot be understated. Since its
introduction, the rate of inadvertent intraoperative FN
transection during VS surgery has decreased and in turn so
has the rate of poor FN functional status postoperatively.1–3

Electrophysiologicalmonitoring allows the surgeon to identify
the FN early in the procedure, even in situations where the
nerve is obstructed from direct visualization by tumor or
bone.14 Once identified, the surgeon can take course to
preserve the anatomical and functional integrity of the FN
while getting real-time feedback on the physiological respon-
siveness of the nerve. This affords the surgeon a degree of
confidence intraoperatively when tumor that is in close prox-
imity totheFNso longasacceptable responsiveness isdetected.
This scenario is indeed ideal and affords the best current
method of achieving maximal tumor resection and preserva-
tion of neurological function during resection of VS. When
electrical responsiveness is lost; however, the next appropriate
step in clinical management becomes more ambiguous.

The results from our cohort along with those in the
literature make it clear that loss of electrical responsiveness
during surgery does result in immediate functional loss of the
FN.The long-termoutcomefor thesepatients, however, ismore
difficult to estimate when based solely on the loss of intra-
operative FN responsiveness. It is apparent that some patients
go on to achieve acceptable FN function over timewhile others
will not. Outside of the rate of recovery of FN function during
the early postoperative period, predictive factors that would
help guide clinicians in identifying patients whowill achieve a
good recovery on their own remain to be found. As such,
selecting appropriate surgical candidates for whom FN reani-
mation surgery is the best means of achieving a degree of
functional recovery remains challenging. This is an important
question as itwouldbe ill-advised to subject patients to further
surgical procedures and their inherent risks and associated
costs, when these interventions may achieve no better out-
comes as compared with a strategy of watchful waiting.
Conversely, in those patients who will never achieve satisfac-
tory recovery of FN function on their own, early referral for
reanimation procedures would be prudent to minimize
the hardship experienced by these patients, aswell as increase
the likelihood of a successful intervention.11 Further studies
are needed to identify factors which would help select those
patients who would naturally achieve good FN outcomes and
provide guidance for this puzzling clinical scenario.
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Our study has the following limitations. First, this is a
retrospective study of a prospectively collected database and
as such we relied on the accuracy of the medical record when
conducting chart reviews. Second, certain variables such as
tumor vascularity and adherence to the FN were taken from
the operative note and are subject to interpretation of the
operating surgeon. Third, owing to the rare nature of conduc-
tion block and subsequently low subject numbers available for
review, statistical analysis is inherently limited.

Conclusion

In our series of 18 patients with intraoperative conduction
block andpostoperativeHBGVorVI,wedemonstrate that up to
61% of patients may return to HBG III or better with prolonged
conservative management. Conduction block at the time of
tumor removal does not necessarily condemn a patient to
permanent FN palsy. There is potential for a degree of recovery
comparable with those undergoing nerve grafting, although a
direct comparison of the frequency of good FN functional
outcomes with conservative management versus surgical
intervention must be interpreted with caution owing to the
lownumberofpublishedseriesexamining thenaturalcourseof
this rare phenomenon. These data together with our interpre-
tation of the available literature, do not support a policy of
same-surgery or early-post operative primary nerve grafting in
the event of a complete conduction block.We favormonitoring
for recovery in the scenario of an anatomically intact nerve.
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