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High-Resolution MRI Findings following Trigeminal Rhizotomy

B.G. Northcutt, ““D.P. Seeburg, “¥J. Shin, D.A. Herzka, “D. Theodros, ““C.R. Goodwin, ““'C. Bettegowda,

M. Lim, and ““ A M. Blitz

N. Aygun,

ABSTRACT

BACKGROUND AND PURPOSE: Patients with trigeminal neuralgia often undergo trigeminal rhizotomy via radiofrequency thermocoag-
ulation or glycerol injection for treatment of symptoms. To date, radiologic changes in patients with trigeminal neuralgia post-rhizotomy
have not been described, to our knowledge. The aim of this study was to evaluate patients after trigeminal rhizotomy to characterize
post-rhizotomy changes on 3D high-resolution MR imaging.

MATERIALS AND METHODS: A retrospective review of trigeminal neuralgia protocol studies was performed in 26 patients after rhizo-
tomy compared with 54 treatment-naive subjects with trigeminal neuralgia. Examinations were reviewed independently by 2 neuroradi-
ologists blinded to the side of symptoms and treatment history. The symmetry of Meckel’s cave on constructive interference in steady-
state and the presence of contrast enhancement within the trigeminal nerves on volumetric interpolated breath-hold examination images
were assessed subjectively. The signal intensity of Meckel’s cave was measured on coronal noncontrast constructive interference in
steady-state imaging on each side.

RESULTS: Post-rhizotomy changes included subjective clumping of nerve roots and/or decreased constructive interference in steady-
state signal intensity within Meckel’s cave, which was identified in 17/26 (65%) patients after rhizotomy and 3/54 (6%) treatment-naive
patients (P < .001). Constructive interference in steady-state signal intensity within Meckel’s cave was, on average, 13% lower on the side
of the rhizotomy in patients posttreatment compared with a 1% difference in controls (P < .001). Small regions of temporal encephaloma-
lacia were noted in 8/26 (31%) patients after rhizotomy and 0/54 (0%) treatment-naive patients (P < .001).

CONCLUSIONS: Post-trigeminal rhizotomy findings frequently include nerve clumping and decreased constructive interference in
steady-state signal intensity in Meckel’s cave. Small areas of temporal lobe encephalomalacia are encountered less frequently.

ABBREVIATIONS: CISS = constructive interference in steady-state; SI = signal intensity; VIBE = volumetric interpolated breath-hold examination; SPACE =

sampling perfection with application-optimized contrasts by using different flip angle evolution

rigeminal neuralgia is a debilitating condition characterized

by sharp pain in the distribution of the trigeminal nerve. First
described in 1773 by John Fothergill, trigeminal neuralgia is now
a widely recognized and frequently encountered condition with a
prevalence as high as 200/100,000 individuals and an overall inci-
dence 0f2.7/100,000/year.' > First-line treatment commonly con-
sists of medical management with carbamazepine, followed by
additional second- and third-line medical treatments."® If medi-
cal management fails, imaging of the trigeminal nerves is often
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performed to assess causes such as compression of the cisternal
segment of the trigeminal nerve from vascular structures or, less
commonly, mass lesions along the course of this nerve.

Trigeminal rhizotomy, which is performed by percutaneous
insertion of a needle through the foramen ovale into Meckel’s
cave to damage the nerve by balloon compression, glycerol in-
jection, or radiofrequency thermocoagulation, is often per-
formed as a first-line procedure and may be the only procedure
available to patients unable to undergo the more invasive sur-
gical intervention of microvascular decompression. Microvas-
cular decompression is an invasive method of treatment with
reported higher patient satisfaction and an overall lower symp-
tom recurrence rate compared with rhizotomy, but it requires
an open neurosurgical approach.”®

High-resolution MR imaging of the trigeminal nerves has al-
lowed radiologists to see the cisternal and Meckel’s cave segments
of the trigeminal nerve with exquisite detail. In particular, con-
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structive interference in steady-state (CISS) imaging, a free pre-
cession technique with intrinsic flow suppression and high signal-
to-noise ratio, allows visualization of fine structures, including
individual rootlets of the trigeminal nerve in Meckel’s cave. We
have also observed that CISS is sensitive to small perturbations in
the content of fluid and can demonstrate reduced signal com-
pared with CSF, even when differences are not visualized on spin-
echo-based imaging. Because patients can have high-resolution
imaging after trigeminal rhizotomy for a number of indications,

Table 1: Subject age and sex

Post-Rhizotomy Treatment-Naive P Value

No. of Subjects 26 54

Age (mean) (range) (yr) 60 (27-85) 55 (29-74) .09

Sex 6 Men, 20 Men, 31
20 women 34 women

Table 2: Frequency of findings within Meckel’s cave in treatment-
naive versus post-rhizotomy patients®

Treatment-
Post-Rhizotomy  Naive P Value
Subjective clumping 16/26(62%)  3/54(6%) <.001
Decreased CISS 13/26 (50%) 3/54(6%) <.001
Subjective clumping without  4/26 (15%) 0/54(0%) .01
decreased CISS S|
| CISS Sl without clumping 1/26 (4%) 0/54 (0%) 33
Subjective nerve clumping 12/26 (46%)  3/54(6%) <<.001
and | CISS SI
Subjective nerve clumping 17/26 (65%)  3/54(6%) <<.001

and/or |, CISS SI

Note:— | indicates decrease.
2 Interobserver agreement = 90%, k = 0.69.

‘”

FIG 1. Coronal CISS precontrast images at the level of Meckel’s cave. A, Decreased T2 signal
intensity and poorly delineated nerve rootlets in the left Meckel’s cave after rhizotomy. Note a
normal-appearing right Meckel’s cave. B, A different patient with clumping of the nerve rootlets
inferiorly within the left Meckel's cave post-rhizotomy. C, Central clumping of nerve rootlets in
the right Meckel’s cave post-rhizotomy. D, A different patient with more subtle clumping of the
nerve rootlets in the left Meckel's cave and subtle decreased CISS Sl post-rhizotomy.

including recurrence of symptoms, the goal of this study was to
determine the findings expected on postprocedural imaging fol-
lowing percutaneous rhizotomy.

Given the postulated mechanism of action of rhizotomy—that
is, changes in osmolarity and resulting demyelination and neurol-
ysis with glycerol or direct heat neurolysis with radiofrequency
thermocoagulation—we hypothesized the following: the rootlets
of the trigeminal nerve in the region of the injection would dem-
onstrate visible changes in their course due to clumping and ad-
hesion; and the signal on CISS imaging would be reduced within
Meckel’s cave due to injectate and/or inflammatory debris.” In
addition, we sought to evaluate whether enhancement of the tri-
geminal nerve or Meckel’s cave should be expected following rhi-
zotomy. The rates of other changes to surrounding structures and
the muscles of mastication that are innervated by the mandibular
division of the trigeminal nerve (cranial nerve V.3) were recorded.

MATERIALS AND METHODS

Patient Sample

A retrospective review of dedicated high-resolution 3D trigeminal
neuralgia protocol MR imaging studies was performed from 2011
to 2014. The study was approved by the institutional review board
and was Health Insurance Portability and Accountability Act—
compliant. Three hundred ten examinations were performed on
261 patients during the study period. Subjects were stratified into
preprocedural trigeminal neuralgia and post-rhizotomy groups.
Subjects were included in the post-rhizotomy group if they had a
documented history of either glycerol and/or radiofrequency
thermocoagulation rhizotomy before imaging. All rhizotomies
were performed with fluoroscopic image guidance. Subjects were
excluded from both groups if they had
symptoms atypical for trigeminal neu-
ralgia (n = 51), mass lesions in Meckel’s
cave (n = 11), and a history of microvas-
65) or
gamma knife treatment (n = 4) before

cular decompression (n =

imaging. Twenty-six studies qualified
for the post-rhizotomy group. One hun-
dred fifty-three examinations qualified
for the preprocedural trigeminal neural-
gia control group, of which 54 were se-
lected at random at approximately 2
controls per case with no statistically sig-
nificant difference between age and sex
compared with the post-rhizotomy

group.

Imaging Technique

All studies were conducted at our insti-
tution on Verio or Trio 3T scanners (75
examinations) or Magnetom Espree or
Avanto 1.5T scanners (3 examinations)
(Siemens, Erlangen, Germany) by using
a high-resolution trigeminal neuralgia
protocol. The protocol consisted of a
sagittal T1, isovolumetric T2 sampling
perfection with application-optimized
contrasts by using different flip angle
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evolution sequence (SPACE; Siemens), FLAIR, and axial diffu-
sion-weighted images of the brain. High-resolution sequences
were acquired, including CISS pre- and postcontrast (section
thickness, 0.6 mm; matrix, 256/256; FOV, 16.9 X 24.6) and volu-
metric interpolated breath-hold examination (VIBE) pre- and
postcontrast (section thickness, 0.8 mm; matrix, 256/256; FOV,
16.9 X 24.6), with fat saturation applied on the postcontrast VIBE
imaging. Postcontrast images were acquired after administration
of 0.1 mL/kg of gadobutrol (Gadavist; Bayer Schering Pharma,
Berlin, German) if the glomerular filtration rate was above 60, and
half-dose of gadobenate dimeglumine (MultiHance; Bracco Di-
agnostics, Princeton, New Jersey) was used if the glomerular fil-
tration rate was below 60, per institutional protocol. 3D-time-of-
flight MRA of the circle of Willis was also performed as part of the
high-resolution trigeminal neuralgia protocol.

Image and Data Analysis

The selected treatment-naive and post-rhizotomy studies were
intermixed and reviewed independently by 2 neuroradiologists
(with >5 years experience) blinded to a history of prior treat-
ment. All study sequences were reviewed on a PACS. Meckel’s
caves were evaluated subjectively for asymmetry, including
clumping of the nerve roots and altered signal intensity on both
non-contrast-enhanced and contrast-enhanced CISS sequences.
Trigeminal nerves were assessed for enhancement on postcon-
trast VIBE images. The signal intensity of Meckel’s cave was ob-

Table 3: Ratio of CISS Sl in treatment-naive versus post-
rhizotomy patients

Control Right ~ Rhizotomy MC/
MC/Left Contralateral
MC (mean MC (mean
ratio = SD) ratio = SD) P Value
Ratio of CISSSI 0.99 (+0.09) 0.87 (+0.15) <.001

Note:—MC indicates Meckel cave.

1.5

jectively measured by a central freehand ROI within the largest
area of Meckel’s cave on coronal non-contrast-enhanced CISS
imaging for each case, avoiding Meckel’s cave borders. Post-
procedural changes in the adjacent structures were evaluated
on pre- and postcontrast CISS and VIBE sequences. These ad-
jacent structures included cranial nerves III and VI as they are
readily visualized; however, cranial nerve IV was not assessed
as it is not well-visualized routinely. Additionally, the medial
temporal lobes were assessed as they closely approximate and
often abut the lateral dural margin of the Meckel’s cave and can
be penetrated by piercing the lateral dura of Meckel’s cave.'*"!
The adjacent petrous and cavernous segments of the internal
carotid arteries and cavernous sinuses were also assessed on 3D
TOF MRA.

Statistical Analysis

Patients in the control and post-rhizotomy groups were com-
pared for age by using a ¢ test of independent samples, assum-
ing unequal variances, and compared for sex with the Fisher
exact test with MedCalc for Windows, Version 15.8 (MedCalc
Software; Mariakerke, Belgium). A P value <.05 was consid-
ered significant.

The sensitivity, specificity, and positive and negative
predictive values of subjective nerve clumping or decreased
CISS signal intensity (SI) for post-rhizotomy were calculated.
Statistical significance was calculated via the Fisher exact test.
Interobserver agreement and k were calculated between ob-
servers.

A ttest of independent samples assuming unequal variance
was performed to compare measurements of CISS SI between
groups on the basis of the ROI SI values. The Fisher exact test
and interobserver agreement were calculated for changes of
the structures adjacent to Meckel’s cave, including hematoma,
encephalomalacia, atrophy of muscles of mastication, cranial
nerve [II, V, and VI enhancement, and
vascular injury of the adjacent petrous

1.4 ]

and cavernous internal carotid artery,
or cavernous-carotid fistula. A P value

1.3 00

<.05 was considered significant.

1.2

RESULTS

Twenty-six unique subjects were in-

1.1

1.0

cluded in the post-rhizotomy group, 12
with glycerol treatment and 14 receiving

both glycerol rhizotomy and radiofre-

Ratio CISS SI

quency thermocoagulation rhizotomy

0.9

0.8

before imaging. Fifty-four subjects were

included in the trigeminal neuralgia

I
o
T

procedure-naive group. There were no

0.7

0.6

statistically significant differences in age
or sex between groups (Table 1).

0.5

" C—

Subjective nerve clumping or de-
creased CISS SI was present in 17/26

Control Right Meckel's Cave/
Left Meckel's Cave

FIG 2. Graph showing the ratio of CISS Sl of the right and left Meckel’s caves in control patients
and rhizotomy/nonrhizotomy in Meckel’s caves in post-rhizotomy patients. The control group
ratio was 0.99 compared with 0.87 for patients who underwent rhizotomy (P < .001).
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Rhizotomy Meckel's Cave/
Non-Rhizotomy Meckel's Cave

(65%) patients after rhizotomy, compared
with only 3/54 (6%) treatment-naive pa-
tients (P < .001) (Table 2 and Fig 1). Of
the 17 patients with changes in Meckel’s
cave after rhizotomy, 12/17 (71%) had a



combination of clumping and decreased overall subjective CISS sig-
nal intensity, 4/17 (24%) demonstrated only subjective clumping of
nerve rootlets, and 1/17 (5%) demonstrated only decreased subjec-
tive CISS signal intensity. All 3 treatment-naive patients with subjec-
tive changes in Meckel’s cave demonstrated both clumping and de-
creased CISS signal. No nerve clumping or altered signal was noted in
Meckel’s cave on VIBE precontrast and postcontrast sequences or
FLAIR sequences, though clumping was identified in 2 patients after
rhizotomy on T2 SPACE sequences by both reviewers.

In the patients having undergone rhizotomy, objective mea-
surements of CISS SI by ROI in Meckel’s cave demonstrated a
statistically significant decrease in CISS SI on the side of the rhi-
zotomy compared with the contralateral side and with control
groups, with an average 13% decreased CISS SI on the side of the
rhizotomy (Table 3 and Fig 2). Encephalomalacia of the adjacent
temporal lobe was present in 8/26 (31%) patients post-rhizotomy
compared with 0/54 (0%) patients in the treatment-naive group
(P <.001) (Fig 3). One small hematoma was present in the post-
rhizotomy group (4%), with no hematoma present in the treat-
ment-naive group (P = .33). All cases of noted encephalomalacia
and hematoma on CISS were also identified on FLAIR, VIBE, and
T2 SPACE sequences by both reviewers. Atrophy of the muscles of
mastication was present in both groups, 3/26 (12%) in the rhizo-
tomy group and 3/54 (6%) in the treatment-naive group (P =
.38). Cranial nerve enhancement (of CN III, V, and VI) was not
present in either group, nor was there damage to the adjacent
petrous or cavernous internal carotid arteries or evidence of cav-
ernous carotid fistula (P = 1) (Table 4).

The average time of imaging after the most recent rhizot-
omy was 17.2 months, with a range of 1-63 months. The av-
erage time of follow-up of patients with nerve clumping or

FIG 3. Coronal CISS precontrast at the level of Meckel’s caves. En-
cephalomalacia of the medial left temporal lobe (straight arrow) ad-
jacent to Meckel’s cave. Also note clumping of the nerve rootlets in
the left Meckel's cave (curved arrow) status post rhizotomy.

Table 4: Frequency of findings in the adjacent structures in treatment-naive versus post-

rhizotomy patients

decreased CISS signal was 16.5 months, compared with 18.4
months in those patients without clumping or CISS signal
change (P = .56). The average number of rhizotomy treat-
ments in patients with subjective clumping or decreased CISS
SI'was 2.9, compared with 1.3 treatments for those who did not
have clumping or decreased CISS SI (P < .01). Seven of 12
(58%) patients who had undergone rhizotomy with only glyc-
erol treatment had subjective changes in Meckel’s cave, while
10/14 (63%) patients who had glycerol and radiofrequency
treatment had subjective changes (P = .68). All subjects in our
sample treated with radiofrequency rhizotomy had also under-
gone glycerol rhizotomy. The average number of rhizotomies
in those with encephalomalacia was 3.8, compared with 1.5 for
those without encephalomalacia (P = .03). Three of 12 (25%)
patients who had only glycerol treatment had encephalomala-
cia compared with 6/14 (42%) patients who had a combination
of glycerol and radiofrequency treatment (P = .43).

DISCUSSION

Studies to date on patients post-rhizotomy have primarily fo-
cused on clinical outcomes, notably comparison of different
forms of rhizotomy with each other and with microvascular de-
compression. While these articles offer occasional images of com-
plications associated with rhizotomy, no studies to date, to the
authors’ knowledge, have evaluated patients after rhizotomy in an
effort to describe postprocedural findings on MR imaging. This
study was performed to determine what findings can be encoun-
tered on postprocedural MR imaging.

Subjective changes, such as decreased CISS SI and clumping
of nerve roots, are commonly encountered (65%) after rhizo-
tomy; however, these changes are rarely seen in treatment-
naive patients (6%). These results suggest that the radiologic
findings are associated with the rhizotomy procedure rather
than the underlying pathophysiology of trigeminal neuralgia.
Objective measurements of signal intensity in Meckel’s cave
support our subjective findings by showing a statistically sig-
nificant decrease in CISS SI in Meckel’s cave after rhizotomy.
The mechanism underlying these changes is presumed to be
the result of chemical- or heat-induced neurolysis of the nerve
rootlets in Meckel’s cave. Notably, the patients with changes in
Meckel’s cave had undergone, on average, more rhizotomy
treatments (n = 2.9) compared with those who did not have
such changes (n = 1.3). Although the cause is unknown, sim-
ilar changes demonstrated in procedure-naive patients could
reflect a prior inflammatory event predating the development
of trigeminal neuralgia. Conversely, there could be recall bias
in our study, with the possibility that some subjects failed to
report their rhizotomy at another in-
stitution to the clinician.

Post-Rhizotomy Treatment-Naive P Value

Small foci of encephalomalacia of the

Encephalomalacia 8/26 (31%) 0/54 (0%) <.001

Hematoma 1/26 (4%) 0/54 (0%) 33

Atrophy of muscles of 3/26(10%) 3/54 (4%) 38
mastication

CN V enhancement 0/26 (0%) 0/54 (0%) 1.00

Vascular injury 0/26 (0%) 0/54 (0%) 1.00

Interobserver temporal lobe adjacent to Meckel’s cave
Agreement K . .

were encountered in 31% of patients post-

98.8% 0.93 . .
100% 1 rhizotomy and not in the control group.
963% 064  One such focus demonstrated minimal
blood products. These findings could be
100% 1 due to the adjacent temporal lobe being
100% 1 within the thermal zone of the radiofre-

Note:—CN indicates cranial nerve.

quency probe and/or direct surgical ma-
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nipulation.'®"" No adverse clinical signs or symptoms related to the
temporal lobe encephalomalacia were reported in these patients.

Weakness of muscles of mastication frequently occurs after
trigeminal rhizotomy, with a recent review noting weakness in
16% of patients, which is often transient lasting 6—12 months.'”
In our review, atrophy of the muscles of mastication was present
in patients with and without rhizotomy, with no statistically sig-
nificant difference between groups. No enhancement of trigemi-
nal nerve roots was encountered after treatment, though it is un-
clear whether more immediate postprocedural imaging would
perhaps reveal enhancement in the acute injury phase after treat-
ment. Additional complications such as vascular injury (cavern-
ous carotid fistula, internal carotid artery pseudoaneurysms), ab-
scess, meningitis, and cranial nerve III and VI injury, noted in
previous publications, were not encountered clinically or on im-
aging in our series.'*"'®

There were several limitations in this study, including the inher-
ent biases associated with the retrospective study design. Subjects
were grouped according to a review of the medical record, depending
on whether the patient was documented as having previously under-
gone rhizotomy. The patients were seen by experienced clinicians in
a dedicated trigeminal neuralgia clinic, and documentation of prior
procedures is standard, but we cannot exclude the possibility that
subjects had undergone rhizotomy at another institution and failed
to report this to the clinician. All patients in our study who had rhi-
zotomy underwent glycerol rhizotomy or glycerol in combination
with radiofrequency thermocoagulation rhizotomy. No patients had
balloon compression rhizotomy, a method not used at our institu-
tion due to the preference of the surgeons. Another limitation of this
retrospective study was lack of pre-rhizotomy imaging in those pa-
tients who underwent rhizotomy, with the exception of 1 patient. In
the case of the 1 patient who underwent high-resolution imaging
both before and after treatment, no difference was noted within
Meckel’s cave or the adjacent structures between studies. Addition-
ally, no correlation between the degree of clumping or decreased
CISS SIin Meckel’s cave and the degree of symptoms could be made
due to the retrospective nature of the study and in the absence of
clinically reported grading of symptoms.

The timing of imaging after rhizotomy greatly varied, which
could potentially influence the degree of changes seen in Meckel’s
cave, though the average time of imaging in those with and without
nerve clumping was similar. Additionally, more acute changes within
Meckel’s cave after rhizotomy (<1 month) could not be accurately
assessed. Last, the pain of trigeminal neuralgia is known to recur
frequently following rhizotomy. Many of the subjects imaged after
rhizotomy experienced recurrence of symptoms. Because patients
who responded positively to trigeminal rhizotomy are unlikely to
have undergone follow-up imaging, whether or to what extent these
findings might correlate with degree or duration of therapeutic re-
sponse remains a subject for further investigation.

CONCLUSIONS

Post-trigeminal rhizotomy changes in patients with trigeminal neu-
ralgia frequently include nerve clumping and decreased CISS SI
within Meckel’s cave, findings that are not commonly encountered
in patients before treatment. Tiny foci of encephalomalacia can also
be seen in the adjacent temporal lobe. Further investigation is neces-
sary to determine whether and how such findings are related to the
extent and durability of pain relief following rhizotomy.
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