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Significance of Preoperative Nerve Reconstruction Using
Diffusion Tensor Imaging Tractography for Facial Nerve
Protection in Vestibular Schwannoma
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Objective : The facial nerve trace on the ipsilateral side of the vestibular schwannoma was reconstructed by diffusion tensor
imaging tractography to identify the adjacent relationship between the facial nerve and the tumor, and to improve the level of
intraoperative facial nerve protection.

Methods : The clinical data of 30 cases of unilateral vestibular schwannoma who underwent tumor resection via retrosigmoid
approach were collected between January 2019 and December 2020. All cases underwent magnetic resonance imaging examination
before operation. Diffusion tensor imaging and anatomical images were used to reconstruct the facial nerve track of the affected side,
so as to predict the course of the nerve and its adjacent relationship with the tumor, to compare the actual trace of the facial nerve
during operation, verify the degree of coincidence, and evaluate the nerve function (House-Brackmann grade) after surgery.

Results : The facial nerve of 27 out of 30 cases could be displayed by diffusion tensor imaging tractography, and the tracking rate
was 90% (27/30). The intraoperative locations of facial nerve shown in 25 cases were consistent with the preoperative reconstruction
results. The coincidence rate was 92.6% (25/27). The facial nerves were located on the anterior middle part of the tumor in 14 cases,
anterior upper part in eight cases, anterior lower part in seven cases, and superior polar in one case. Intraoperative facial nerve
anatomy was preserved in 30 cases. Among the 30 patients, total resection was performed in 28 cases and subtotal resection in
two cases. The facial nerve function was evaluated 2 weeks after operation, and the results showed grade | in 12 cases, grade Il in 16
cases and grade Il in two cases.

Conclusion : Preoperative diffusion tensor imaging tractography can clearly show the trajectory and adjacent position of the facial
nerve on the side of vestibular schwannoma, which is beneficial to accurately identify and effectively protect the facial nerve during
the operation, and is worthy of clinical application and promotion.
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INTRODUCTION

Vestibular schwannoma (VS) is a benign intracranial tumor,
which can cause cranial nerve and cerebellar dysfunction such
as hearing loss and gait instability. Total tumor removal can
effectively prevent tumor recurrence, but it may increase the
probability of facial nerve (FN) injury, cause postoperative
facial paresis or paralysis and reduce the quality of life of
patients. Therefore, preservation of the FN is of paramount
importance during tumor excision".

It is a major challenge for the neurosurgeon to accurately
assess the risk of FN injury before surgery, to avoid FN injury
during surgery, and reduce the occurrence of postoperative
facial paralysis. We can judge the approximate position and
course of FN, and predict the anatomical relationship between
FN and VS before operation using diffusion tensor imaging
(DTI) tractography, which can provide important reference
for the surgeons.

In this study, DTI tractography was used to establish the
relationship between FN and VS before surgery. During the
operation, the FN was protected under the guidance of
neurophysiological monitoring, so as to reduce the probability
of FN injury and improve the preservation rate of FN and

postoperative quality of life of patients.

MATERIALS AND METHODS

The study was approved by the Research Ethics Board of
The First Affiliated Hospital of Fujian Medical University
(IRB number [2019]170).

Clinical information

A total of 30 consecutive patients with unilateral VS were
surgically treated at The First Affiliated Hospital of Fujian
Medical University between January 2019 and December
2020, including 10 males and 20 females, with an average age
of 50.6 years (range, 23—75). The disease course ranged from 1
week to 11 years. The tumors were located on the left in 13
cases and on the right in 17 cases. The largest tumor diameter
was 57 mm, the smallest diameter was 21 mm, and the average
was 35 mm. The major clinical symptoms before operation
included hearing loss (n=23), dizziness (n=5), facial pain (n=2).

The tumor extent was graded using the Hannover classifi-
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cation system : T1, purely intrameatal; T2, intra- and ex-
trameatal; T3a, filling the cerebellopontine cistern; T3b,
reaching the brainstem; T4a, compressing the brainstem; T4b,
severely dislocating the brainstem and compressing the fourth
ventricle'. Patients whose tumors were located in the cerebel-
lopontine angle area, were preliminarily diagnosed as VS (pa-
tients with Hannover classification higher than T3a) and un-
derwent surgical treatment at our department were included.
Patients with a history of intracranial surgery, radiotherapy,
and non-schwannoma diagnosed by postoperative pathology

were excluded.

Methods

DTI parameters by a 3-T magnetic resonance imaging
(MRI) scanner (Siemens, Erlangen, Germany) were as follows :
1.0-mm thickness, 31 slices, 30 directions, echo time 96 msec,
repetition time 11700 msec, number of excitations=1, acquisi-
tion matrix size 256X256, b value=1000 sec/mm’. Anatomical
images were preoperatively obtained by routine T1-weighted
and T2-weighted imaging. The imaging data were transferred
to the neuronavigation workstation (iPlan 3.05; Brainlab,
Heimstetten, Germany) via network with Dicom format. The
locations of the ipsilateral internal auditory canal and the FN
entry area at the brainstem were considered as the region of
interest (ROI) preoperatively on the workstation, and the
nerve fiber bundles passing through the ROI were tracked.
The FN was reconstructed with the help of DTL. A fractional
anisotropy (FA) threshold of 0.1 was used, and the minimum
fiber length was 5 mm. During the operation, the resection of
the VS was performed through the retrosigmoid approach in
the park bench position. The FN location was categorized ac-
cording to the classification (anterior, posterior, superior, or

24)

inferior to the tumor) by Sampath et al.”™ Anterior and poste-
rior locations were further subdivided into superior one-third,
middle one-third, and inferior one-third.

The FN was identified and protected during tumor resec-
tion according to the course reconstructed pre-operation,
combined with neurophysiological monitoring system (Nihon
Kohden, Tokyo, Japan). To identify the FN during the opera-
tion, facial muscle action potential was evoked by direct stim-
ulation of the FN bundle at 0.1 mA. The degree of tumor ex-
tirpation was assessed by postoperative imaging. The FN
function was evaluated by House-Brackmann classification

system, 2 weeks post-operationm.



RESULTS

The FNs of 27 out of 30 cases could be displayed by DTI,
and the tracking rate was 90% (27/30). The positions of FN
identified in 25 cases during the operation were consistent
with the locations of preoperative reconstruction. The coinci-
dence rate of intraoperative verification and preoperative lo-
calization of FN was 92.6% (25/27). Among them, the FNs
were located on the anterior middle part to the tumor in 14
cases, anterior upper in eight cases, anterior lower in seven
cases, and superior polar in one case.

The anatomy of FN was preserved in all 30 cases. Total re-

section was performed in 28 cases and subtotal resection in

Facial Nerve Reconstruction | Zhang Y, et al.

two cases. The FN function was evaluated two weeks after the
operation as follows : grade I in 12 cases, grade II in 16 cases,
and grade I1I in two cases. The FN reconstruction result of a
left VS (case 22) is shown in Fig. 1. The clinical characteristics
of the 30 patients, including the FN location and function, are

shown in Table 1.

DISCUSSION

With the development of microsurgical technology and use
of neurophysiological monitoring, the mortality rate of VS

surgery has remained below 0.5%, but the facial paralysis as-
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Fig. 1. In the case 22, the facial nerve (FN) was located on the anterior upper part of the vestibular schwannoma (VS). A : The three-dimensional
reconstruction showing the spatial relationship between the FN (red) and the VS (green). The blue object represents the brain stem. B-D : Axial/coronal/
sagittal view showing the FN on the anterior upper of the VS. E and F : Neurophysiological monitoring and intraoperative image confirming the FN and
its relationship with VS. G and H : Axial/coronal/sagittal view showing the preoperative and postoperative magnetic resonance imaging images of the

VS.
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sociated with surgery seriously affects the quality of life of pa-
tients”. The focus of VS surgery has shifted from simple tu-
mor excision to preservation of nerve function. Therefore,
how to maximally preserve the FN function of patients has
become a challenge for neurosurgeons™”.

Intraoperative identification of the FN mainly relies on elec-

Table 1. Summary of the patient demographic and clinical characteristic

trophysiological monitoring. It has been reported that the
preservation rate of FN by neurophysiological monitoring is
related to tumor size, ranging from 80-92% for tumors mea-
suring <1 cm, 80-92% for tumors measuring 1-2 cm, and
50-70% for tumors measuring >2 cm””. Moreover, FN moni-

toring has a false-positive rate of 12-62%'". However, neuro-

1 F 52 R 43
2 M 44 R 35
3 M 44 R 26
4 F 32 L 31
5 F 67 R 30
6 F 48 R 34
7 F 49 R 31
8 F 67 L 29
9 F 64 L 45
10 F 59 R 32
11 M 67 R 32
12 F 51 R 29
13 M 25 L 42
14 F 75 L 37
15 M 44 R 26
16 F 40 R 35
17 F 38 R 54
18 M 70 L 30
19 F 74 L 52
20 M 39 L 36
21 M 23 L 30
22 M 57 L 31
23 M 62 L 36
24 F 44 R 27
25 F 54 L 21
26 F 29 R 42
27 F 59 L 4
28 F 54 R 57
29 F 32 R 4
30 F 55 R 26

AM Al No I I
Al Al Yes I I
AM AM Yes I I
AM AM Yes I I

S S Yes | |
AS AM No | Il
AM AM Yes | |
AS AS Yes I I
AS AS Yes I I
AM AM Yes I Il
AM AM Yes I I
Al Al Yes I Il
AS AS Yes | Il
AS AS Yes I II
AS AS Yes | I
AM AM Yes I I
N/A AM - | [
Al Al Yes I Il
N/A AS - I I
AM AM Yes I Il
AM AM Yes | |
AS AS Yes I Il
AM AM Yes | |
AM AM Yes I I
AM AM Yes I |
Al Al Yes I [
AS AS Yes I |
N/A Al - | I
Al Al Yes I MMl
AM AM Yes | |

Postop FN function : House-Brackmann grade determined 2 weeks after surgery. FN : facial nerve, DTI : diffusion tensor imaging, F : female, R : right, AM :
anterior middle one-third, Al : anterior inferior one-third, M : male, L : left, S : superior to the tumor, AS : anterior superior one-third, N/A : not available
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physiological monitoring plays an important role in the pro-
tection of FN. In order to protect the FN, it is necessary to
examine all areas of the tumor during the operation to identi-
ty the FN, and to confirm that there is no electrical response
of the FN before tumor resection, since the adjacent relation-
ship between the tumor and the FN cannot be established be-
fore the operation. Studies have shown that electrophysiologi-
cal stimulation may damage the FN'”. Repeated stimulation
can further diminish the already damaged FN function™.
Hong et al."” pointed out that the deterioration of FN function
after VS was related to repeated stimulation of the FN during
operation. Therefore, the frequency of FN monitoring should
be reduced to lessen the stimulation of the FN during the op-
eration, but makes it more difficult to preserve the FN.

Protection of the FN is mainly related to the surgeon's expe-
rience, tumor size and preoperative functional status of the
EN™. Surgeons with extensive experience can better protect
the FN from damage, with the assistance of neurophysiologi-
cal monitoring”. However, for inexperienced surgeons, it is
more difficult to preserve the FN during the operation. Ac-
cordingly, if the surgeon can predict the FN course before the
operation, the FN can be protected in a targeted manner dur-
ing the operation, so as to reduce the frequency of FN stimu-
lation, thereby lessening the probability of FN injury.

Large VS often displaces the FN. Consequently, there may

be some deviation in locating the FN by anatomy*”

. A massive
VS may compress and distort the FN, which is thinned or
even pushed, increasing the difficulty of FN protection™. In
our case series, the tumor grades were T3a or higher accord-
ing to the Hannover classification, which makes it challenging
to preserve the FN.

DTI is a new MRI technology based on the diffusion char-
acteristics of water molecules in tissues. It was proposed by
Pierpaoli et al."¥ in 1994 and applied to the imaging of white
matter fibers in the brain. It is the only method that can dis-
play white matter fiber bundles in vivo. DTI is widely used to
trace intracranial fibers, such as pyramidal tract'”, optic radia-
tion”, and arcuate fasciculus"”.

Hodaie first applied DTI to reconstruct cranial nerves in
healthy adults'”. Taoka et al.”” used DTI to show the FN
course of VS for the first time. Since then, DTI has been in-
creasingly employed to reconstruct the FN course of VS****",
Sampath et al.* reported that the FN was anterior to the

tumor in most cases, and the most common position was
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anterior middle part of the tumor. A few cases were superior
polar, inferior polar and posterior to the tumor, and in rare
cases, the FN passed through the tumor’”. Ma et al.” reported
that anterior to the tumor, the FN was located anterior
superior to the tumor in most cases, followed by the anterior
middle. Among the 30 cases in our series, the proportion of
FN located anterior to the tumor was the highest (14 cases),
accounting for 46.7% (14/30), which was similar to that
reported by Sampath et al.*”. In this case series, the FN was
located on the anterior upper of the tumor in eight cases,
anterior lower in seven cases, and superior polar in one case.
There were no cases in which the FN was located on the
inferior polar or posterior to the tumor, which may be related
to the small number of cases.

In a study of 24 large VS cases by Gerganov et al.”, 22 cases
successfully demonstrated FN traces by DTI (22/24). Taoka et
al.*” studied eight cases of VS, and FN trajectories were
successfully displayed in seven cases by DTI (7/8). Choi et al.”
reported that FN courses were successfully showed in all 11
cases of VS (11/11). Hilly et al.” reported 21 cases of VS, of
which 20 cases demonstrated FN, and the reconstruction rate
was 95% (20/21). Among the 30 patients in our series, the FN
was displayed by DTI in 27 cases, and the tracking rate was
90% (27/30). The three patients for which the FN could not be
reconstructed by DTT had giant VS (>5 cm in diameter). The
reason might be that the massive tumor severely crushed and
damaged the FN, and the sheath structure had degenerated,
resulting in changes in the anisotropy of water molecules,
which could not be completely tracked in the DTI scan.
During the operation, we saw that the FNs were compressed,
very thin, and adhered closely to the tumor in these three
cases.

Gerganov et al.”, Song et al.””, and Borkar et al.” reported
the concordance rates of 90.9% (20/22), 92.9% (13/14), and
89% (16/18), respectively, between the reconstructed FN
course preoperatively and the position of FN intraoperatively.
The agreement rate of FN in our series was 92.6% (25/27). The
locations of FN during operation were inconsistent with the
position of FN tracked before operation in two cases, both of
which were cystic VS. It is speculated that the larger cystic
change may interfere with the FA value around the nerve,
resulting in errors in the tracking results.

Among the 30 patients in our series, total tumor resection

was performed in 28 patients, subtotal resection in two
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patients. In the latter two cases, a thin layer of tumor tissue
was left on the nerve in order to protect the FN function due
to unclear boundary and adhesion between the VS and the
FN. The anatomical structure of FN was preserved. The FN
function was evaluated 2 weeks after operation, which showed
grade I in 12 cases, grade Il in 16 cases, and grade III in two
cases. The two cases are case 9 and case 29. Although we have
found the FN location in the operation, but the tumor
adhered closely to the FN, and the nerve was harassed by
accident during the tumor resection.

Among the 30 cases, FNs were demonstrated in 27 cases by
DTI tractography before operation. The FN trace could be
identified in a timely and accurate manner preoperatively by
predicting the relationship between the FN and the tumor,
combined with intraoperative nerve electrophysiological
monitoring. During the operation, the VS was gently, carefully
and sharply separated to reduce the traction of the FN and
avoid direct injury of the FN, so as to protect the FN and
achieve satisfactory clinical results.

This study had some limitations. There was no control
group in which FN reconstruction was not performed. This
was a preliminary study at a single center. Further research
such as a study on the relationship between tumor character

and DTI reconstruction possibility is needed in the future.

CONCLUSION

DTI tractography can clearly display the trajectory of the
FN and the adjacent VS before the operation, which has a high
coincidence rate with the intraoperative FN identification,
and is helpful to accurately identify and effectively protect the
FN during operation, which is worthy of clinical application

and promotion.
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