World Neurosurgery: X 22 (2024) 100359

ELSEVIER

Contents lists available at ScienceDirect
World Neurosurgery: X

journal homepage: www.journals.elsevier.com/world-neurosurgery-x

@RI

NEURDSURGERY:@

Check for

Intraoperative neurophysiological mapping of trigeminal nerve: A surgical [%&s
advancement in neurovascular decompression

Joel Sanabria Duarte ™, Daniel Benzecry de Almeida“, Gabriella Mara Arcie ",

b

Mauricio Coelho Neto ?, Murilo Sousa de Meneses®, Ricardo Ramina *

@ Neurosurgery Departent, Neurological Institute of Curitiba, Parand, 81210-310 , Brazil
b Mackenzie Evangelical College of Parana, Curitiba, Parand, 80730-000, Brazil

ARTICLE INFO

Keywords:

Trigeminal nerve
Trigeminal neuralgia

Root entry zone
Neurophysiological mapping

1. Introduction

Trigeminal neuralgia (TN) is a paroxysmal pain disorder distin-
guished by sudden, severe, and unilateral facial pain affecting one or
more branches of the trigeminal nerve. The pain is commonly charac-
terized as electric-shock-like, stabbing, shooting in quality, and can be
triggered by innocuous stimuli such as light touch or vibration."* In the
majority of cases, the etiology of TN is attributed to neurovascular
compression of the trigeminal nerve at the root entry zone (REZ), caused
by adjacent blood vessels, resulting in demyelination and hyperexcit-
ability of the affected nerve fibers. Additionally, other potential causa-
tive factors encompass structural anomalies such as tumors or
arteriovenous malformations, as well as demyelinating diseases like
multiple sclerosis.>

The trigeminal nerve REZ represents a critical anatomical structure
situated at the lateral aspect of the pons, where the trigeminal nerve
fibers enter the brainstem, encompassing layers of connective tissue and
clusters of glial cells, such as astrocytes and oligodendrocytes. These
glial cells play pivotal roles in preserving the structural and functional
integrity of the trigeminal nerve fibers. Adjacent to the REZ, a small area
known as the transition zone (TZ) emerges, typically located at a dis-
tance of 1-2.5 mm from the REZ, depending upon its medial or lateral
side. This region is characterized by the transition from the central
myelinated fibers to the peripheral unmyelinated fibers.® Importantly,
within this zone, the trigeminal nerve closely interfaces with adjacent
blood vessels, with particular emphasis on the superior cerebellar artery,
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which is the most common offending vessel in trigeminal neuralgia.”
The collective evidence derived from systematic reviews consistently
supports the use of anticonvulsant drugs as the most extensively studied
and preferred therapy for both the initial and long-term management of
classical TN.®"'” Nevertheless, the incidence of medically refractory TN
exhibits variability across studies but it is estimated to affect at least
20%-30% of all patients with TN, with approximately 8% developing
intolerance to treatment.'! It is crucial to recognize that microvascular
decompression, while standing as the foremost surgical procedure for
the management of classical trigeminal neuralgia, may not be univer-
sally suitable for all patients. A pooled analysis involving 5149 in-
dividuals demonstrated a notably high efficacy associated with this
surgical intervention, with approximately 62-89% of patients reporting
complete freedom from pain during long-term follow-up.'?
Intraoperative electrophysiological mapping has been employed for
several decades to assist in microvascular decompression and rhizotomy
surgeries, particularly in cases of trigeminal neuralgia. This technique
involves the application of electrical stimulation to evoke antidromic
responses in compound nerve action potentials (CNAP), thereby
enabling precise identification and recording from the three trigeminal
branches.'® Electrophysiological mapping has also played an important
role in corroborating anatomical descriptions of trigeminal root di-
visions.'* Nonetheless, the precise localization of trigeminal nerve ter-
ritories at the REZ exhibits variation across distinct studies and assumes
utmost significance in discerning the most susceptible region in each
specific surgical case. To the best of our knowledge, this is the first study

E-mail addresses: joelsanabriad @gmail.com, joelsanabriad@hotmail.com (J. Sanabria Duarte).

https://doi.org/10.1016/j.wnsx.2024.100359

Received 4 October 2023; Received in revised form 18 February 2024; Accepted 21 February 2024

Available online 2 March 2024

2590-1397/© 2024 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).


mailto:joelsanabriad@gmail.com
mailto:joelsanabriad@hotmail.com
www.sciencedirect.com/science/journal/25901397
https://www.journals.elsevier.com/world-neurosurgery-x
https://doi.org/10.1016/j.wnsx.2024.100359
https://doi.org/10.1016/j.wnsx.2024.100359
https://doi.org/10.1016/j.wnsx.2024.100359
http://crossmark.crossref.org/dialog/?doi=10.1016/j.wnsx.2024.100359&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

J. Sanabria Duarte et al.

to investigate the neurophysiological mapping of the REZ at the neu-
rovascular compression site, and its relations with clinical findings and
long-term outcome.

2. Patients and methods

This retrospective study was conducted at the Neurological Institute
of Curitiba Hospital over the period from 2017 to 2022. This series
included 23 cases of electrophysiological mapping of the trigeminal
nerve during microvascular decompression for classic trigeminal neu-
ralgia treatment. A comprehensive dataset was extracted from each
patient’s medical records, encompassing demographic variables (age,
sex), time interval from symptom onset to treatment, symptomatic tri-
geminal division, side of pain, pre-operative Barrow Neurological Index
(BNI) classification, stimulation zone, clinical-neurophysiologic corre-
spondence, vascular compression type, and post-operative BNI outcome.
Based on insights from anatomical and physiological studies, we desig-
nated 3 distinct zones at the trigeminal nerve REZ for the purposes of
antidromic stimulation and compound nerve action potential (CNAP)
recording: Zone 1 (superior/rostral), Zone 2 (intermediate), and Zone 3
(inferior/caudal).'®'® Categorical variables were subjected to statistical
analysis using Fisher’s exact test, with a significance level set at 0.05.
SPSS version 28 software was used as a tool to analyze the data.

Surgery was performed under Total Intravenous Anesthesia (remi-
fentanil and propofol), with the patient positioned in dorsal decubitus
and the head held in a Mayfield headholder rotated contralaterally to
facilitate retrosigmoid craniotomy. After positioning, for the recording
of antidromic responses, subdermal needle electrodes (bipolar Sunder-
land needles twister pair) were placed near the supraorbital, infraorbi-
tal, and mental foramina, and the ground electrode on the shoulder
(Fig. 1). Following retrosigmoid craniotomy and duramater opening, the
cerebelomedullary cistern was drained, and any small tentorial veins
under tension are coagulated. Trigeminal nerve arachnoid dissection is
meticulously performed from the tentorial to the caudal region, pref-
erably with avoidance of unnecessary dissection involving the VII-VIII
complex and coagulation of petrous veins. After trigeminal nerve com-
plete dissection, stimulation was carried out using a monopolar hand-
held probe at the three distinct zones, both prior to and following
microvascular decompression. Stimulus intensity was progressively
increased up to 2 mA until a clear response is obtained, duration was 0.3
ms, and frequency was 7 Hz. The resulting compound nerve action po-
tentials were captured using a band-pass filter of 200-2000 Hz in single
wave mode. Each trace presented was generated from the averaging of
100 individual responses. If the compression site and stimulation
response were not congruent to symptomatic nerve root and additional
dissection of TN is done, mainly in the cisternal and more proximal
portion at the pons, looking for any minor artery or vein compression.
We used a polytetrafluoroethylene (Teflon) felt as interposed material to
ensure lasting separation between the vessel and the nerve.

World Neurosurgery: X 22 (2024) 100359

3. Results

The average age of the patients was 55 + 8,14 years, with 14 females
(60,8%) and 9 males (39,2%). The time from the onset of trigeminal
neuralgia to treatment averaged 94 months (4-264 months). The most
symptomatic trigeminal nerve division was V2 + V3 (29%) followed by
V1 + V2 (25%) and V3 (21%). When considering isolated trigeminal
nerve divisions, the V2 branch was the most frequently affected, causing
pain in 45% of the patients. Thirteen patients (54%) had an pre-
operative BNI of IV (indicating pain not adequately controlled by
medications) and 11 patients (46%) presented a BNI of V (severe pain
with no relief). Patient data is summarized in Table 1, the distribution of
pain according to site of compression was found to be significantly
different as shown in Table 2 (Fisher’s exact test p = 0,008).

The responses obtained through the stimulation of the 3 zones are
resumed in Fig. 2. Due to technical limitations or surgical consider-
ations, we were able to obtain 18 clear responses in Zone 1, 14 in Zone 2
and 19 in Zone 3 for analysis. When stimulating the superior aspect of
the trigeminal nerve REZ (Zone 1), the most common response was V1
alone (33%), however, we also recorded responses from V1 + V2 (17%),
V2 alone (17%) and V3 alone (17%). In the middle portion of the tri-
geminal nerve (Zone 2) stimulation primarily elicited responses from V2
(36%) but also from V3 (29%). Finally, the stimulation of the infero-
lateral border of the trigeminal nerve resulted in responses from V3
(69%) and V2+V3 (16%). When considering isolated trigeminal nerve
division responses following stimulation, we observed that after
recruiting Z1 fibers, responses were evoked from V1 in 40%, V2 in 36%
and V3 in 14%. Following stimulation of Z2 fibers, responses were
evoked from V2 in 47%, V3 in 35% and V1 in 17%. Finally, stimulation
of Z3 lead to responses from V3 in 70%, V2 in 22% and V1 in 8%. No
complications were reported in association with the use of this
technique.

We analyzed the responses obtained from areas where the neuro-
vascular compression was identified: 10 cases (Zone 3), 7 cases (Zone 1)
and 6 cases (Zone 2). In Zone 1, responses were evoked mainly in V1
(29%) and also in V1 + V2 (29%). When comparing with microvascular
compressions in Z2, V2 was found in 50% followed by V2 - V3 (33%).
Ultimately, in Zone 3, mainly V3 responses were observed in 75% of the
patients. We evaluated the clinical-neurophysiologic correspondence
between the pain division and the stimulated response at the neuro-
vascular conflict zone. This correspondence yielded three categories:
total correspondence (n = 11, 47%) was considered when all clinical
divisions of the trigeminal nerve were obtained after stimulation, partial
correspondence (n = 9, 39%) when not all clinical relevant trigeminal
nerve divisions were evoked after stimulation (e.g., V3 evoked stimu-
lation in a patient with V2 and V3 pain) and no correspondence (n = 3,
14%) (Fisher’s exact test, p = 0,417). Only patients with total corre-
spondence obtained a favorable outcome with a BNI of I or II in 90% of
the cases (p = 0,41).

Fig. 1. A. Subdermal needle electrodes positioning schematic drawing for monitoring ophthalmic, maxillary and mandibular divisions of the trigeminal nerve. B.
Intraoperative right trigeminal nerve view depicting stimulating zones (21, Z2 and Z3). C. Schematic representation of a right trigeminal nerve cross section with the
three trigeminal nerve division topography. Trigeminal nerve (V), facial-vestibulocochlear nerve complex (VII-VIII).
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Table 1
Summary of patient data.
N Sex Age Side Pain Disease time BNI NV compression  Clinical and Anatomical Vessel BNI POS
division in months PRE zone Neurophysiological distortion compression (follow-up in
correspondence months)
1 M 50 R V3 132 v 71 No No A III (17m)
2 F 54 R V3 36 v 72 Yes No v 1 (67m)
3 F 55 R V2 72 \% z2 Yes Yes A% II (64m)
4 M 63 R V2 96 v 72 Yes Yes A I (63m)
5 M 44 R V2 9 v zZ2 Yes No \% 1(57m)
6 M 60 R \'2! 96 A 71 No Yes A 1(59)
7 F 44 R V1v2 240 v 73 Partial No A 1I (59m)
8 F 42 R V3 120 v Z1 Yes No A 1I (48m)
9 F 75 L v2V3 60 v Z3 Partial Yes A 1(36m)
10 F 24 R A 46 \ 71 Yes No A I (45m)
11 M 68 L V1v2 36 \% Z3 Partial Yes A% 1I (42m)
12 F 41 L V2V3 36 v Z1 Yes No A 1(43m)
13 M 63 L V2 120 v z2 Yes No A II (31m)
14 F 60 R V2V3 17 v 72 Yes Yes A I(29m)
15 F 48 R V1v2 96 A 71 Partial No A IV (26m)
16 M 66 L V2V3 72 v Z3 Partial Yes A II (22m)
17 F 51 L V2V3 12 \ 71 Partial No A I(22m)
18 M 63 L V1v2 60 A Z3 Yes No A 1 (17m)
19 F 57 L V3 240 v Z3 Yes No A III (15m)
20 F 39 R V2V3 24 \' 73 Partial No \ I (14m)
21 F 61 R V2V3 264 v 73 Partial Yes A I1(11m)
22 F 65 R V1v2 10 v Z3 No No v 11 (10m)
23 M 54 L V1v2 4 A% Z3 Partial No A IV (7m)

BNI, Barrow Neurological Index; NV, neurovascular; A, arterial; V, venous; V1, trigeminal nerve ophthalmic division; V2, trigeminal nerve maxillary division; V3,
trigeminal nerve mandibular division; Z1, trigeminal nerve zone 1 (superior/rostral); Z2, trigeminal nerve zone 2 (intermediate); Z3, trigeminal nerve zone 3 (inferior/

caudal).

Table 2
Distribution of pain according to compression site.

Neurovascular compression site Total (%)

Pain territory z1 z2 z3

A28 2 0 0 2 (8,7%)
V2 0 4 0 4 (17,5%)
V3 2 1 1 4 (17,5%)
V1v2 1 0 5 6 (26%)
v2vVv3 2 1 4 7 (30%)
Total (%) 7(30%) 6 (26%) 10 (44%) 23 (100%)

p = 0,008.

V1, trigeminal nerve ophthalmic division; V2, trigeminal nerve maxillary divi-
sion; V3, trigeminal nerve mandibular division; Z1, trigeminal nerve zone 1
(superior/rostral); Z2, trigeminal nerve zone 2 (intermediate); Z3, trigeminal
nerve zone 3 (inferior/caudal).

Zone 1
Zone 2
Zone 3
0% 20% 40% 60% 80% 100%
V1 V1+V2 V1+V2+V3 V2 V2+V3 V3
Fig. 2. Topographical mapping proportions after neurophysiological

stimulation.

Furthermore, we identified 8 patients with anatomical distortion
during surgery. In the assessment of vessel compression, 18 cases were
attributed to arterial compression (75%), 3 to venous (12,5%) and 3 to a

combination of arterial and venous compression. Patients were followed
for an average duration of 34,95 months (7-67 months), with reported
BNI scores distributed as follows: BNI I (57%), BNI II (30%), BNI III (9%)
and BNI IV (4%).

4. Discussion

The findings of this study suggest the potential utility of intra-
operative monitoring guiding surgical decisions in trigeminal nerve
decompression. This is underscored by finding variations in the patterns
of pain distribution in trigeminal neuralgia based on the location of the
neurovascular conflict, which are consistent with descriptions provided
in previous studies.'® Additionally, the study establishes a correlation
between the location of the neurovascular conflict and neurophysio-
logical stimulation, indicating that the site of compression has a signif-
icant influence on the territory of pain experienced by patients.

A cross-section study of the REZ in animals have revealed a
remarkably clear somatotopic organization with the ophthalmic fibers
located ventrally and mandibular fibers dorsally with minimal inter-
mingling.'” An anatomical investigation conducted by Sindou et al
involving 579 patients described the disposition of the trigeminal nerve
REZ based on neurovascular compression as follows: supero-lateral in
53,9%, supero-medial in 31,6% and inferior in 14,5%.'® Gudmundsson
and Rhoton further delineated an anatomical division that corresponded
to the typical triangular plexus division observed in radiofrequency
procedures. They found that the rostral fibers most frequently entered
the first division, those arising more caudally entered the third division,
with the maxillary division situated between and occupying a larger
proportion of the medial surface of the trigeminal sensory root as
compared to the lateral surface. Notably, this disposition could vary
depending on the angle between the longest diameter of the cross sec-
tion and the long axis of the body, with most common angle falling
between 40 and 50°.'° These findings could explain the variations
observed in our patients when stimulating the same zones but obtaining
different responses. For example, the antidromic response of V3 branch
was obtained in 3 patients by stimulating Zone 1. Juxtapontine rhizot-
omies performed by Dandy also supports this somatotopic arrange,
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where complete V1 and partial V2 preservation are achieved during
inferolateral rhizotomy.'® He also described a bundle of small sensory
fibers between the major sensory and motor roots in the pons and hy-
pothesized that might be concerned with perception of light touch. In
1965, Janetta reviewed this concept and stated that it would help to
explain the variable sensory loss, frequent preservation of light touch
and absence of corneal complications in patients operated upon by the
suboccipital approach for trigeminal neuralgia.’’ Moreover some
studies have reported that only 48% experience complete sensory loss
following total sensory root (portio major) section and stimulating these
fibers evokes responses exclusively from the lower face.'®?!

Compared to those experiencing pain in other territories, we found
that patients with isolated V1 or V2 pain are more likely to have neu-
rovascular compressions located superiorly at Zone 1 or intermediately
at Zone 2, respectively (Fisher’s exact test, p = 0.008) (Table 2). How-
ever, for isolated V3 pain, the compression sites tend to be more vari-
able. When considering the opposite situation, we did not observe a
direct correlation between patients experiencing compression in a spe-
cific zone and the type of pain (without considering stimulation). This
finding contrast with publications from the Sindou group, which de-
scribes an odds ratio of 2.7 with superomedial compression in cases
presenting V1 pain and an odds ratio of 2.56 for inferior compression in
cases presenting V3 pain. One possible explanation for this inconsis-
tency, where compressing fibers in the ventral part may cause pain in the
upper face for example, is that it could be due to a distortion phenom-
enon that tents up and may disrupt the nerve on the opposite side of the
compression.13

Electrophysiological confirmation was initially used as refinement
tool in selective rhizotomy with the aim of eliminating all responses
from the symptomatic branches. Despite some variations could occur in
latency, morphology and duration, generally a typical triphasic CNAP
response is obtained after trigeminal nerve stimulation.'® As depicted in
Figs. 2 and 3 stimulation of Zone 1 regions of the trigeminal REZ pre-
dominantly elicited activity in the upper face, while stimulation of Zone
3, led to activity in the lower face. Activation of the middle face was
most consistently observed when stimulating the Zone 2 of the nerve
root on its intermediate lateral surface. The higher response of Zone 3
and 2 could be attributed to the greater number of myelinated fibers in
maxillary and mandibular division, as evidenced in histometric studies
of the trigeminal nerve.’” These findings are in agreement with previous
anatomical investigations, thereby validating the results achieved
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through this technique.'>**®
A limitation of the current study is the absence of recorded data
related to accessory fiber stimulation. In certain instances, the observed
outcomes involving multiple root responses may solely reflect electrical
propagation rather than the "entanglement" of root fibers within a spe-
cific stimulated zone. In order to address this maybe a thinner probe
should be used trying to minimize the current stimulation to avoid losing
specificity. Future studies are required in order to further elucidate the
role of the portio minor in TN. Besides total correspondence between
clinical pain and neurophysiologic stimulation did not achieve statistical
significance regarding surgical outcome, the sample size was small and
it would be important to explore this clinical association in a larger
cohort of patients. Such an expanded study could contribute to a more
comprehensive understanding of the electrophysiological and topo-
graphical relationships within the trigeminal nerve. Ultimately, this
could facilitate intraoperative decision-making to ensure accurate
microvascular decompression or the identification of other vascular
factors contributing to trigeminal neuralgia.

5. Conclusions

Intraoperative neurophysiological mapping of the trigeminal nerve
root entry zone is a safe and practical technique that can be seamlessly
integrated into microvascular decompression surgeries for trigeminal
neuralgia. This approach, which incurs no significant morbidity or
notable extension of surgical duration, has proven its utility in eluci-
dating the complex relationship between neurovascular compression,
pain distribution, and topographical anatomy within the trigeminal
nerve. By employing this mapping technique, surgeons can gain a deeper
understanding of the individualized aspects of each patient’s trigeminal
neuralgia, enabling more precise identification and isolation of the
offending vessel responsible for the compression. This level of precision
holds the potential to significantly enhance surgical outcomes, ulti-
mately providing patients with effective and lasting relief from the
debilitating pain associated with trigeminal neuralgia. Overall, the
application of neurophysiological mapping in the context of microvas-
cular decompression for trigeminal neuralgia holds great promise for
improving the quality of care and outcomes for affected individuals.
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Fig. 3. Right trigeminal neuralgia microvascular decompression showing intraoperative neurophysiological mapping and responses after stimulating Zone 1 (A),

Zone 2 (B) and Zone 3 (C).
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