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Abstract

Introduction—Stereotactic radiosurgery (SRS) provides a noninvasive treatment modality to
patients with trigeminal neuralgia who have become refractory to medication. The root entry zone
(REZ) has been proposed to be a stereotactic target due to its partial makeup of centrally produced
myelin, thus conferring a theoretical increased sensitivity to irradiation, as well as increased
susceptibility to neurovascular conflict, making it the site in which nociceptive signals likely arise.

Objective—The aim of this study is to determine if there is a statistically and clinically
significant difference in pain relief or facial hypesthesia following SRS based on distance of the
stereotactic isocenter from the REZ.

Methods—~Patients undergoing Novalis radiosurgery for the treatment of trigeminal neuralgia
with at least three months follow-up were included in this study. A 6 mV linear accelerator was
used to administer a dose of 90 Gy through a 4 or 5 mm circular collimator. Post-operative
outcomes were stratified by Barrow Neurological Institute (BNI) score for pain relief and BNI
facial numbness score for facial hypesthesia.

Results—67 patients (24 males) met inclusion criteria and were included in this study. BNI score
of I-1lla was attained in 82% of patients at 3 months, 76% at 6 months, 70% at 9 months, and 65%
at 1 year following SRS. After SRS, 14 of 67 patients (21%) reported some degree of facial
numbness (BNI facial numbness score 11-1V). Distance from isocenter to REZ varied from 0 to 8.6
mm, with mean 1.94 + 1.62 mm. Logistic regression of target-REZ distance against pain relief
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outcome (patients with score I-Illa and I11b—V) was insignificant at 3 months (p = 0.988), 6
months (p = 0.925), 9 months (p = 0.845), and 12 months (p = 0.547). Furthermore, no statistically
significant correlation was found with logistic regression of target-REZ distance with pain relief
outcome (patients with score | and score 11-1V) (p = 0.544).

Discussion—The current analysis suggests that distance from the REZ, at least using the
techniques described, does not correlate with degree of post-operative pain relief or facial
hypesthesia. Thus, targeting specific regions within the trigeminal nerve in relation to these
anatomical characteristics may not afford any advantage from this perspective.

Keywords
Trigeminal neuralgia; tic douloureux; stereotactic radiosurgery; linear accelerator; facial pain

INTRODUCTION

Trigeminal neuralgia (TN) is a neuropathic disorder characterized by high intensity electric
shock-like attacks of pain limited to one or more branches of the trigeminal nerve. In
patients refractory to medication, neurosurgical interventions such as microvascular
decompression, radiofrequency dorsal rhizotomy, balloon compression, or stereotactic
radiosurgery may play a rolel. Of these therapies, stereotactic radiosurgery (SRS) offers a
noninvasive treatment modality, providing an option to patients unwilling or deemed unable
to undergo more invasive surgical approaches®=. Previous studies have established the
effectiveness of gamma knife radiosurgery in the treatment of TN8-12, Radiosurgery using
the Novalis linear accelerator, which uses X-rays rather than gamma rays, has also been
shown to be effective in the treatment of TN and is becoming increasingly popularl3,

Targeting different sites along the path of the trigeminal nerve has been performed in
attempts to maximize pain relief. Previously targeted sites include the gasserion ganglion or
retrogasserion zone just posterior to the ganglion, pars triangularis, cisternal segment, and
the root entry zone (REZ). The REZ is a transitional area along the trigeminal nerve where
the myelin surrounding the axons changes from peripheral myelin produced by schwann
cells to central myelin produced by oligodendrocytes!4. The REZ has been suggested to be
more susceptible to radiation damage or vascular compression® 1415, as oligodentrocytes
have been shown to be more sensitive to irradiation than Schwann cellsi® 17 Thus, the
distance of stereotactic target from the REZ may influence the degree of post-operative pain
relief.

Facial hypesthesia is a known complication of radiosurgery8-20. Prior studies have shown
that while higher radiation doses correlate with more successful pain control, they may
additionally portend greater degrees of post-operative facial hypesthesial® 12. 21 Given that
the relative radiosensitivity of oligodendrocytes to that of schwann cells has already been
established in the literature® 14: 15 while holding the dose of irradiation constant, proximity
to the REZ might thus be hypothesized to increase facial hypesthesia.

The goal of this retrospective study is to determine if there is a statistically and clinically
significant difference in pain relief or facial hypesthesia following linear accelerator SRS
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based on distance of the stereotactic isocenter to the REZ. Of note, in this series, the
iscocenter location varied and was largely based on the acuteness of the angle between the
trigeminal nerve and brainstem such that the 50% isodose line bordered the pons and the
12Gy dose to the pons was limited to 0.3cc maximum. Therefore, our analysis specifically
focused on potential differences in outcome that might have been independently attributable
to differences in isocenter distance from the trigeminal REZ.

Patient population

From 2012 to 2015, patients with idiopathic or secondary TN consecutively underwent
Novalis Radiosurgery at Ronald Reagan UCLA Medical Center. The diagnosis of TN was
based on the International Headache Classification (ICHD) second edition criteria22.
Indications for surgery were pain despite pharmacotherapy or intolerance to adverse effects
of medication. Among all patients during this time period, 67 met inclusion criteria and had
follow-up available to at least 3 months post-SRS.

SRS Technique

All patients were treated with linear accelerator based SRS (Novalis, BrainLAB,
Heimstetten, Germany). All patients included had CISS or FIESTA MRI imaging prior to
SRS, which provide superior quality of images within the CSF space to determine cisternal
segments of the trigeminal nerve and sites of neurovascular conflict. Neurosurgeons and
radiation oncologists cooperated for SRS planning and treatment. A 6 mV linear accelerator,
micro-multiple leaf collimator, and ExacTrac patient positioning were integrated in the
Novalis Radiosurgery system. On the day of treatment, the patient was immobilized with a
custom-molded bivalve-style thermoplastic mask. A computed tomography scan usng a
fiducial locator was obtained and data was transferred to a local network of iPlan Net system
(BrainLAB AG, Feldkirchen, Germany). A maximum dose of 90 Gray was given viaa 4 or 5
mm circular collimator. The isocenter was placed over the root entry zone, cisternal

segment, or Meckel’s cave region, such that the 50% isodose line was along the pons. The
location of the isocenter was thus primarily based on the angle between the trigeminal nerve
and the brainstem surface, with more acute angles rendering isocenter distances further away
from the root entry zone so as to minimize irradiation to the brainstem.

Patient follow-up and outcome evaluations

All patients’ charts retrospectively reviewed for outcome assessment. Patients were
additionally telephoned to confirm chart review and determine more recent follow-up via a
questionnaire assessing the degree of pain relief, patterns of facial pain before treatment, the
time interval between treatment and pain relief, the patient’s use of medications before and
after treatment, and degree of facial hypesthesia, if any.

Patients’ pain relief outcomes were scored according to the Barrow Neurological Institute
(BNI) pain intensity scale (table 1)23. BNI scores were divided into a binary scale with
scores I-111a falling under “good pain relief” and scores I11b-V falling under “poor pain
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relief”, Patients’ degree of facial hypesthesia, if any, was scored according to BNI Facial
numbness score, as shown in table 2.

MRI measurements

Preoperative magnetic resonance images were retrospectively reviewed by a neurosurgeon.
The REZ was defined as the segment of the trigeminal nerve, 6 mm in length adjacent to the
brainstem, as reported by prior literature24, and situated 2 mm away from the pons. The
distance of the isocenter from the REZ was measured (Figure 1). Representative examples of
a preoperative MRI reviewed retrospectively for target-REZ distance measurement is shown
in figure 1 A-B.

Statistical Analysis

Data are presented as the mean + standard deviation for continuous variables and
frequencies/percentages for categorical variables. A univariate logistic regression was used
to evaluate the relationship between target-REZ distance and outcome (good outcome vs
poor outcome) as well as degree of facial hypesthesia (BNI score of I vs I, 111, 1V).
Student’s t test (unpaired, two-tailed, equal variance) was additionally employed to
determine if there was a difference in target-REZ distance between those with good pain
relief and those with poor pain relief, as well as between those with and without facial
hypesthesia (BNI facial numbness score of | vs 11, 111, and IV). The threshold level of
significance for all analyses was set at p< 0.05.

RESULTS

Sixty seven patients were identified with follow-up to at least 3 months, of which 24 were
males and 43 were females. Average age at the time of operation across all patients was
(mean # standard deviation).

At 3 months post-SRS, 82.1% of patients had good pain relief (BNI score of | — I11a), of
which 52.2% reporting complete pain relief (BNI score of I). At 6 months, 76.4% of patients
with available follow-up had good pain relief, with 56.9% having complete relief. At 9
months, 70.5% of patients had good relief, with 56.8% having complete relief. Finally, at 1
year, 65.0% of patients had good relief, with 50.0% reaching complete relief. A summary of
this data with numbers of patients stratified by BNI score is provided in table 3.

After SRS, 14 of 67 patients (21%) reported some degree of facial numbness (BNI facial
numbness score 11-1V). Thirteen patients had a BNI facial numbness score of 11, one patient
had a score of 111, and no patients had a score of IV.

Distance from isocenter to REZ varied from 0 to 8.6 mm, with mean 1.94 + 1.62 mm.
Logistic regression of target-REZ distance against pain relief outcome (patients with score I-
I1la and I11b-V) was insignificant at 3 months (p = 0.988), 6 months (p = 0.925), 9 months (p
= 0.845), and 12 months (p = 0.547). Patients with good pain relief at 3 months follow-up
had mean distance from the REZ of 1.88 mm + 1.42 mm while those with poor pain relief
had mean distance of 1.89 £ 1.67 mm (p = 0.987). At 6 months follow-up, patients with
good pain relief outcomes had a mean target REZ distance of 1.94 + 1.84 mm, while those
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with poor pain relief outcomes had mean distance of 1.72 + 1.24 mm (p = 0.648). Similarly,
no significant difference in target-REZ distance between patients with good and poor pain
relief was found at 9 months follow-up (2.08 £ 1.89 mm and 1.62 + 1.33 mm, respectively)
(p = 0.369) or 1-year follow-up (1.76 = 1.55 mm and 2.11 + 2.21 mm, respectively) (p =
0.600).

No statistically significant correlation was found with logistic regression of target-REZ
distance with BNI facial numbness score (patients with score | and score 11-1V) (p = 0.544).
Patients without facial hypesthesia (score I) had a mean target-REZ distance of 2.15 + 1.64
mm, while those with some degree of facial hypesthesia had a mean target-REZ distance of
1.81 + 1.63 mm (p = 0.500).

DISCUSSION

Stereotactic radiosurgery provides a noninvasive neurosurgical intervention to patients with
trigeminal neuralgia who have become refractory to medication. Controversy exists as to the
best region within the trigeminal nerve to target. This study fails to identify a difference in
both pain relief as well as facial hypesthesia based on distance of the stereotactic target from
the REZ.

Prior studies have reported targets across various sites of the trigeminal nerve, with similar
degrees of success relative to one another: Kondziolka et al.? targeted REZ and achieved a
success rate of significant pain relief of 94%. Meanwhile, Régis et al targeted a more distal
portion of the trigeminal root, just immediately posterior to the gasserion ganglion, also
finding a high rate of effective pain control?®. Massager and colleagues?L: 26 similarly
targeted patients slightly more distally, at the pars triangularis located 6-8 mm away from
the brainstem. They found that while the pars triangularis varies in its distance from the
brainstem by the cisternal length of the trigeminal nerve root?’, the effectiveness of the
procedure was based on the distance away from the brainstem, with shorter distances
predicting greater pain relief, albeit at increased risk of facial hypesthesia. They thus
concluded that the target should not be determined by anatomic site, but rather, distance
away from the pons. However, Marshall et al8 later targeted both the REZ in some patients
and the more distal pars triangularis in others, and found no difference in outcomes based on
distance away from pons. However, they found that the dose to the REZ correlated with the
degree of facial numbness, suggesting that further distances from the REZ would decrease
the degree of postoperative facial numbness. In this study, no significant difference in facial
hypesthesia was found based on the distance from the REZ.

While various sites within the trigeminal nerve have been targeted, there exists a
heterogeneity in radiation doses across these studies. Moreover, the dose rate used for
treatment2%: 29 as well as the output factor used in dosimetry calculationl8: 19 21 can also
significantly affect biological effects of otherwise identical prescribed dosages, adding
additional potential confounders between institutions in the presented studies. Studies
examining the effect of target location on outcome used gamma knife; while linear
accelerator-based radiosurgery has been shown to be effective and has been increasingly
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performed!3: 27,30, to the best of our knowledge, no studies have focused directly on
successes via targeting different regions within the trigeminal nerve.

The current analysis suggests that when targeting the 50% isodose line at the brainstem, the
distance from the REZ does not correlate with degree of post-operative pain relief or facial
hypesthesia. Thus, targeting different sites along the trigeminal nerve in relation to these
anatomical characteristics may not afford any advantage from this perspective. This said
however, anatomic studies at autopsy have revealed anastomoses between the sensory and
motor rootlets (frequency of which varies with patient-specific anatomy) occurring most
prominently in the retrogasserion zone, which have been suggested to partially underlie
accidental preservation of sensation in some patients following surgical procedures such as
dorsal rhizotomy3L. Thus, targets more distal to these anastomoses, such as at the gasserion
ganglion, may offer a theoretical advantage from this perspective.

This study is limited by its sample size, and the single center and retrospective design
inherently limit this study’s power and generalizability. The current results, however, are
unlikely to represent a type Il (false negative) error in that the data do not even suggest a
trend toward a difference in outcomes based on target distance from the REZ. Furthermore,
any statistically significant difference is unlikely to be clinically meaningful, given the large
variance in distance across subjects. Nevertheless, the already small sample size limits the
ability to control for other variables (eg cause of facial pain, prior procedures) which would
further subdivide the patient population. Second, the 50% isodose line remaining at the
brainstem border further confound the results of this study, and restrict the generalizability
of the results to patients undergoing this albeit well-established protocol. Moreover, follow-
up time presented is inadequate to account for differences in duration of pain relief, as some
patients with poor pain relief outcomes opted to undergo repeat surgery, thus prematurely
curtailing their follow-up and excluding them from analysis at later time points. A
proportion of patients were also clinically lost to follow-up — as patients with better
outcomes often did not return, there may exist a selection bias for patients with poorer
outcomes. This limitation is thought to be lessened by telephone follow-up with patients to
both confirm chart review and obtain more recent follow-up. Moreover, while this bias will
affect a proportion of patients with outcomes, it should likely not affect the relationship
between imaging characteristics and outcome.
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Figure 1.
Pre-operative T1-weighted magnetic resonance imaging showing SRS plans of the

trigeminal nerve with isocenter located 0 mm (located on the REZ) (A) and 4.5 mm (B)
from the root entry zone. Green circle depicts the 50% isodose line, bordering the pons.
Note the difference in angle acuity between the trigeminal nerve and brainstem between the
two images.
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Table 1

Barrow Neurological Institute Scores

BNI Score

Outcome

No pain, no medications

Occasional pain, no medications

Ila

No pain, taking medications

11b

Pain, controlled w/medications

Pain, not well controlled w/medications

Severe pain/no pain relief
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Table 2

Barrow Neurological Institute Facial Numbness Scores

Score | Outcome

| No facial numbness

1 Mild facial numbness, not bothersome
1 Facial numbness, somewhat bothersome
v Facial numbness, very bothersome
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Number of patients with BNI Score I-V with follow-up at 3 months to 1 year post-SRS

Table 3

BNI score | 3months | 6 months | 9 months | 12 months
[ 35 29 25 20

1 9 4 3 2

Ia 11 6 3 4

b 3 4 4 3

\% 5 5 7 9

\% 4 3 2 2

Totals 67 51 44 40
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