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New Clinical and Morphologic Aspects in Trigeminal Neuralgia

Levent Tanrikulu1,2, Peter Hastreiter2, Teresa Bassemir2, Barbara Bischoff2, Michael Buchfelder2, Arnd Dörfler3,

Ramin Naraghi2,4
-OBJECTIVE: High-resolutionmagnetic resonance imaging
can be used to delineate the morphology of neurovascular
compression (NVC) in detail. This study focuses on essential
morphologic parameters in relation to the clinical appear-
ance of patients with trigeminal neuralgia (TN).

-METHODS: A total of 180 patients with TN underwent
magnetic resonance-constructive interference in steady
state/time of flight. Parameters of the affected nerves
(length) and causative vessels were examined: (1) the
relationship between the NVC site (caudal/cranial/later-
ocaudal/mediocranial) and affected area (V1, V2, V3); (2)
nerve deformity; (3) vascular loop; (4) existence of a “ce-
rebrospinal fluid (CSF) sign” by a separation of trigeminal
fascicles by a vessel; and (5) localization of the causative
vessel.

-RESULTS: A total of 10 patients with V1 affection
showed 6 caudal, 0 cranial and laterocaudal, and 4 medi-
ocranial NVC; 26 patients with V2 affection showed 17
caudal, 0 cranial, 1 laterocaudal, and 8 mediocranial NVC;
29 patients with V3 affection showed 23 caudal, 1 cranial, 3
laterocaudal, and 2 mediocranial NVC; 25 patients with V1
and V2 affection showed 17 caudal, 1 cranial, 0 later-
ocaudal, and 7 mediocranial NVC; 36 patients with V2 and
V3 affection showed 30 caudal, 3 cranial, 1 laterocaudal,
and 2 mediocranial NVC; and 6 patients with V1, V2, and V3
affection showed 4 caudal, 1 cranial, 0 laterocaudal, and 1
mediocranial NVC. A total of 63 patients (35%) showed
nerval deformity by distorsion of the trigeminal fascicles
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from compressing vessel; 37 of 39 patients (95%) with right-
sided deformity showed right-sided TN; and 21 of 22 pa-
tients (95%) with left-sided TN showed left-sided nerve
deformation. Two patients with bilateral nerve deformity
showed bilateral TN. Rostral superior cerebellar artery
(SCA) loop compression was seen in 24 patients (17%),
caudal SCA loop compression was seen in 10 patients (7%),
and double SCA loop compression was seen in 33 patients
(23%). Sandwich compression was seen in 18 (12%), and a
CSF sign was seen in 24 patients. All 24 patients (100%)
with a CSF sign had V1 affection.

-CONCLUSIONS: The CSF sign is pathognomonic for V1
affection. Vascular loops from cranial on the nerve were
the most frequent types of compression in all areas of pain,
followed by mediocranial loops. This evaluation is repro-
ducible and contributes to the role of magnetic resonance
imaging and a classification of findings in the preoperative
evaluation of NVC.
INTRODUCTION
rigeminal neuralgia (TN) often is caused by distinct
vascular compression of the root entry zone of the tri-
Tgeminal nerve (cranial nerve [CN] V) at the lateral pontine

aspect of the brainstem.1-3 The vascular compression caused by an
arterial or venous loop might induce focal demyelinization at the
junction between central and peripheral myelin sheath,4 which
SCA: Superior cerebellar artery
TN: Trigeminal neuralgia
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Table 1. MRI Protocol for MR-CISS and MR-TOF

MRI Parameter MR-CISS MR-TOF

Time of repetition, TR 12.2 ms 40 ms

Time of echo, TE 5.9 ms 7.15 ms

Slice thickness 0.4 mm 0.4 mm

Amount of slices 96 96

Field of view 200 mm 230 mm

Flip angle 70� 45�

Acquisition time, minutes 5 5.48

Matrix, voxels 512 � 512 512 � 512

Size of voxels, mm 0.4 � 0.4 � 0.4 0.4 � 0.4 � 0.4

MRI, magnetic resonance imaging; CISS, constructive interference in steady state; TOF,
time of flight.

Figure 1. Measurement of the nerve length on the sagittal magnetic
resonance-constructive interference in steady state slices.
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can lead to ectopic impulses and ephaptic transmission, so that a
so-called “cross-talk” between sensible-epicritic and protopathic-
nociceptive afferences are explained for the triggered facial pain
attacks.5 The exact etiology still is unclear; as a result, idiopathic
TN is accepted to be caused by neurovascular compression
(NVC).6 The causal treatment of TN is microvascular
decompression (MVD), as described by Jannetta to maintain
functional nerve integrity.5,7-10

Diagnosis is obtained by clinical history and symptoms. Mag-
netic resonance imaging (MRI) is performed to rule out symp-
tomatic reasons for TN, such as tumors or primary demyelinizing
conditions. The MRI-based analysis of NVC shows a relatively low
specifity of approximately 40%.11,12 High-resolution MRI shows
asymptomatic NVC of the trigeminal nerve in 40% of healthy
persons. This study examines more specific imaging parameters
for a better evaluation of the underlying pathologic neurovascular
patterns. This study aims to present a detailed analysis of high-
resolution MRI data of patients with classical TN to enable a
comparative categorization of the morphology and the localization
of the underlying NVC with the clinical manifestation and the
postoperative outcome.

MATERIALS AND METHODS

Clinical Data
A total of 211 patients were admitted from 2001 to 2008 to the
neurosurgical outpatient clinics for NVC syndromes at the Uni-
versity Hospital of Erlangen. A total of 31 of 211 patients were
excluded from the study because of movemental artifacts on the
MRI (n ¼ 7) or patients who had a previous history of MVD (n ¼
24). The resulting 180 patients with classical TN were included to
this study (for demographics and clinical parameters of the
examined patients, see Table 2).

Detailed MRI
All 180 patients underwent high-resolution MRI at the Depart-
ment of Neuroradiology at the University of Erlangen: 165 pa-
tients (92%) underwent 1.5-Tesla MRI (Sonata, Siemens,
Erlangen, Germany) and 15 patients (8%) underwent 3-Tesla MRI
(Siemens Trio). According to an institutional protocol for im-
aging of patients with NVC syndromes, a magnetic resonance
(MR) fluid-attenuated inversion recovery sequence was per-
formed to rule out tumorous, infectious, or hemorrhagic
lesions as a potential cause for TN. As a second step, an
MR-constructive interference in steady state and MR-time of
flight sequence were performed, which consist of 96 equidistant
slices (Table 1).
The MRI data were loaded to a special visualization tool

(Medalyvis, Institute for Computer Graphics and Neurocenter,
Department of Neurological Surgery, University of Erlangen). For
anatomical analysis the axial (transversal), sagittal, and coronal
slices were applied. After the patient data were loaded, the quality
of the scan was evaluated for movement and pulsational artifacts.
After exploration of the CN V, the corresponding vessels were
observed, whereas arteries were followed along their original
course to the basilar artery and veins usually were localized as
lateral conglomerations, which coursed to the tentorium and
drained into the petrosal veins.
190 www.SCIENCEDIRECT.com WORLD NEU
Anatomical Parameters of the Trigeminal Nerve
Measurement of the Nerve. The distance from the exit of the pons to
the apex at the entrance to the Meckel cave was analyzed. This was
carried out in the sagittal slices (Figure 1).
Localization of NVC. NVC was defined as a cisternal space where
no cerebrospinal fluid (CSF) signal was detected between the CN V
and the causative vessel over at least 2 sagittal slices. The distance
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2016.04.119

www.sciencedirect.com/science/journal/18788750
http://dx.doi.org/10.1016/j.wneu.2016.04.119


ORIGINAL ARTICLE

LEVENT TANRIKULU ET AL. NEW ASPECTS IN TRIGEMINAL NEURALGIA
of the vascular compression site from the exit point of the nerve at
the brainstem was measured in the sagittal slice (Figure 2).

Nerval Atrophy and Deformity. Nerval atrophy was evaluated with
the comparison of the caliber of the nerve of both sides. Atrophy
was seen when the fascicles of the nerve at one side of the pons
were delineated with a weaker caliber (Figure 3A). Nerval
deformity was defined as a discontinuity out of a linear,
intracisternal course of the trigeminal nerve (Figure 3B). This
was performed in the axial slices (Figure 3A and B).

Anatomical Parameters of the Vessels
Localization of the Vessel. The analysis of the position of the
causative vessel on the corresponding trigeminal nerve was
implemented in the coronal MR-constructive interference in
steady state slices. A graduation was done in 1 of 4 quadrants:
cranial, caudal, lateral, or medial (Figure 4).

Vascular Loop Morphology. The vascular loop morphology was a
graduated with 5 parameters: 1) “CSF sign.” This is caused by a
mechanical distortion of trigeminal fascicles by a vessel and is
defined by the existence of CSF between the pushed out fascicles
of the nerve by a compressing vessel in the axial slices. 2) Rostral
superior cerebellar artery (SCA) loop. 3) Caudal SCA loop. 4)
Figure 2. Measurement of the localization of neurovascular compression
from the exit of the nerve at the brainstem on the sagittal magnetic
resonance-constructive interference in steady state slices. SCA, superior
cerebellar artery.
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Double SCA loop. 5) “Sandwich” compression with SCA and vein
or SCA and anterior inferior cerebellar artery (AICA).

Outcome
The success of MVD was documented directly postoperatively and
then to another time retrospectively by evaluation of postoperative
clinical follow-up examinations after 1 year. The patients were
graduated either pain-free or with clinical symptoms.

Anatomical Drawings
For each patient, 1 digital drawing was prepared, which was
gained from the corresponding MRI data about the individual
neurovascular conflict in 3 dimensions. These figures served for all
potential loop morphologies within the patient collective that
should enable the later on evaluation (Figure 5).

Intraoperative Correlation
The anatomical relationships were documented intraoperatively
during MVD with microphotographs. Postoperatively, the intra-
operative microphotographs were correlated to the preoperatively
gained digital slice analysis from the MRI data to examine the
anatomical preciseness referring the neurovascular relationships
at the compression levels.

RESULTS

Patient Demographics and Clinical Parameters
A total of 180 patients were analyzed. The following chart shows
demographic and clinical parameters. A total of 147 patients
(81.7%) underwent MVD (Table 2).

Prevalence of TN with Correlation to Innervation Areas
Innervation areas V2 and V3 were affected in 57 of 180 patients
(31.7%). Area V1 was affected seldom in 10 of 180 patients (5.6%),
and the combination of all 3 areas was seen in 10 of 180 patients
(5.6%). In 81 patients (45%), 1 innervation branch was affected in
the clinical manifestation and in 89 patients (49.5%), 2 in-
nervations branches were affected (Figure 6).

Vascular Pathology on Symptomatic/Asymptomatic Side
A total of 172 of 180 patients (95%) showed a distinct NVC on the
symptomatic side on the preoperative MRI data (Table 3). The SCA
was the most common causative vessel loop with an absolute
frequency of 75%. A single venous compression was seen in 36
patients (26%). The distribution of arteries and veins with
topographical relation to the trigeminal nerve on the
asymptomatic side is shown in Table 4.

Localization of the Vessel
Table 5 shows an analysis of the topographical localization of the
vascular loops in relation to the course of the trigeminal nerve on
the symptomatic side.

Nerval Length and Localization of NVC
The average intracisternal length of the trigeminal nerve was 12.30
� 2.36 mm on the right side (median 12.2 mm, range 6.15�21.33
mm), and 12.88 � 2.17 mm on the left side (median 12.69 mm,
range 8.08�20.81 mm). The distance of the vascular compression
www.WORLDNEUROSURGERY.org 191
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Figure 3. (A) Axial magnetic resonance-constructive interference in steady
state slice shows atrophy of the trigeminal nerve on the right side and (B)

right-sided distortion of the trigeminal nerve by a vascular compression.
SCA, superior cerebellar artery.
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level from the exit point of the nerve on the brainstem on the right
side showed a mean value of 4.53 � 2.6 mm (median 4.17 mm,
range 0.05�13.71 mm). In the cases in which an arterial double
Figure 4. Anatomical graduation of the causative
vessel on the corresponding cranial nerve (yellow
section).
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loop was seen, the distance of the second compressing vessel had
a mean value of 6.51 � 2.72 mm (median 6.89 mm, range
1.30�12.65 mm). A venous compression was localized with a
mean distance of 4.56 � 2.73 mm (median 3.93 mm, range
1.169�12.40 mm). The distance of the compressing main vessel
from the brainstem on the left had a mean distance of 5.45 � 3.20
mm (median 4.76 mm, range 1.00�16.54 mm), in cases of a
compression with another vessel the average distance was 12.88 �
2.17 mm (median 7.025 mm, range 8.08�20.81 mm) from the exit
point of the brainstem. Pathologic veins on the left side were
found on an average distance of 5.81 mm � 3.25 mm (median
4.825 mm, range 0.71�14.75 mm).

Nerval Deformity
Nerval deformity was seen in 63 of 180 patients (35%); 37 of the 39
patients (95%) with right-sided nerval deformity showed right
sided neuralgia, and 21 of the 22 patients (95%) with left-sided
nerval deformity showed left-sided neuralgia (Table 6).

Arterial Loop Morphology
The vascular loop morphology was a graduated with 5 parameters:
1) “CSF sign” (Figure 7), 2) rostral SCA loop, 3) caudal SCA loop,
4) double SCA loop, and 5) “sandwich” compression with SCA and
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2016.04.119
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Figure 5. Digital anatomical drawings derived from the individual MRI scans in (A) coronal, (B), axial, and (C) sagittal delineation of the underlying
neurovascular compression.
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vein or AICA (Table 7). The appearance of CSF sign in NVC was
analyzed in this patient collective and correlated to the clinical
manifestation of the first trigeminal division V1. In 24
patients—8 women (33%) and 16 men (67%)—a CSF sign could
Table 2. Patient Demographics and Clinical Parameters

Age, years, mean � standard deviation
Years, median (range)

58.66 � 12.83
61 (25e80)

Sex, M/F, n (%) 67/113 (37.2/62.8)

Symptomatic side, right/left/both sides, n (%) 100/79/1 (55.5/43.8/0.7)

Duration of illness

Years, (mean � standard deviation) 6.73 � 7.06

Years, median (range) 4 (0.5e40)

Surgery, n (%)

Right side 77 (42.7)

Left side 68 (37.7)

Both sides 2 (1.1)

No surgery 33 (18.3)

M, male; F, female.

WORLD NEUROSURGERY 92: 189-196, AUGUST 2016
be identified, and all of these patients had V1 symptoms
(100%). The comparison of the 24 patients with CSF sign to the
rest of the patients showed that significantly more men showed
a CSF sign (c2: P ¼ 0.001), whereas female sex was dominant
in the total patient collective.
Figure 6. Prevalence of trigeminal neuralgia with reference to innervations
areas. V1, ophthalmic nerve; V2, maxillar nerve; V3, mandibular nerve;
V12, combination of V1 and V2; V23, combination of V2 and V3; V123,
combination of V1, V2 and V3.
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Table 3. Number of Causative Vessels in the Examined Patient
Population

Name of Vessel n (%)

SCA and vein 74 (43)

SCA 41 (24)

Pontine vein 36 (21)

SCA and AICA 10 (6)

AICA 5 (3)

Basilar artery und SCA 4 (2)

Basilar artery 1 (0.5)

Internal labyrinthine artery 1 (0.5)

SCA, superior cerebellar artery; AICA, anterior inferior cerebellar artery.

Table 5. Correlation of Compression Site to the Clinically
Affected Area: Number of Patients

Affected Trigeminal
Quadrant V1 V2 V3

V1
and V2

V2
and V3

V1, V2,
and V3

Cranial 6 17 23 17 30 4

Caudal 0 0 1 1 3 1

Laterocaudal 0 1 3 0 1 0

Mediocranial 4 8 2 7 2 1
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The CSF sign was not identified on the asymptomatic side (0%).
The average age of illness in this subpopulation was 63.70 � 8.30
years. In 13 patients, the CSF sign was on the right side, and in 11
patients the CSF sign was on the left side. All 13 patients with a
right-sided CSF sign showed right-sided neuralgia, and all 11
patients with left-sided CSF sign showed left-sided neuralgia.
Twenty-three patients (96%) showed a clinical involvement of

the first trigeminal branch in contrast to the total patient popu-
lation, where 18% showed a V1 involvement; that means that a V1
involvement in the patients with CSF sign was significantly greater
(c2: P < 0.001).

Clinical Outcome
The pain-free interval in the immediate postoperative period and 1
year postoperatively (6�18 months) was analyzed (Table 8). The
statistical analysis of the distribution of pain-free intervals
showed that patients with a caudal loop SCA morphology were
significantly seldom pain-free compared with the patients with the
other groups (c2 test: P ¼ 0.014, Fisher exact test: P ¼ 0.029). In
the next step, all patients were analyzed who were not pain-free 1
year postoperatively compared with the pain-free patients
regarding the distance of the NVC at the root entry zone of CN V
from the pontine surface of the brainstem. The resulting distance
of the NVC (procentual distance of the exit site of the brainstem
referring to the intracisternal length) in the pain-free patients (29
� 25%) was not significantly different from the patients who were
not pain-free (33 � 23%).
Table 4. Distribution of Vessels with Topographical Relationship
on the Asymptomatic Trigeminal Nerves

Vessel n (%)

SCA 33 (54)

SCA and vein 28 (46)

SCA, superior cerebellar artery.
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DISCUSSION

This study shows a systematic analysis of the morphology of
affecting vessels in symptomatic patients with TN. The group with
a CSF sign significantly differed particularly from all other patients
in regard to the distribution of sexes, the amount of nerval de-
formities, and the involvement of clinical affected trigeminal divi-
sion: the ophthalmic nerve V1. Patients with a caudal SCA loop
axilla were seldom pain-free after 1 year in the postoperative
period.
As described in former studies, the SCA was again the pre-

dominant causative vessel for NVC of the trigeminal nerve.9,10 The
AICA, basilar artery, and pontine veins also were in charge of
causing TN. The broad spectrum of arterial and venous vessels
shows the necessity of a highly sensitive and reliable diagnostic
tool of imaging with the MRI to clarify the diagnosis of TN and to
prepare for the special anatomical details for surgery. This work
contributes to a preoperative and interdisciplinary discussion in
TN, because the examined anatomical and clinical parameters
were confirmed in more than 75% of all patients with NVC. The
detailed description of these morphologies shows a reproducible
and standardized evaluation of the nerve-vessel-conflicts of the
trigeminal nerve.
For the first time, the so-called CSF sign could be described as a

morphologic correlate of a pathologic neurovascular conflict. The
CSF sign was found in 17% of the examined patients, which is
characterized as a distortion of the fascicles of the trigeminal nerve
by a vascular compression, resulting in the evolution of CSF
compartments between the fascicles seen in the high-resolution
MRI scans. The CSF sign represents a highly specific clinical
parameter: patients with a CSF sign had frequently a nerval
deformation compared with the rest of the patient population, and
all of them (100%) showed V1 involvement. A severe mechanical
deformity was seen in the intracisternal nerve segment by the SCA.
The clinical symptoms of patients with a CSF sign were more
Table 6. Distribution of Nerve Deformity on the Symptomatic
and Asymptomatic Sides

Nerve Deformity Symptomatic Side Asymptomatic Side

Right 37 2

Left 21 1

Bilateral 2 0

ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2016.04.119
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Table 8. Pain-Free Rates of the Operated Patients (n ¼ 147)

Loop Morphology n
Postoperatively
Pain-Free (%)

1-Year Postoperatively
Pain-Free (%)

CSF sign 20 100 100

Rostral loop axilla 9 100 100

Caudal SCA loop
axilla

17 94.1 70

Double SCA loop 30 100 100

Sandwich
compression

15 80 86

Vein 32 100 87.5

CSF, cerebrospinal fluid; SCA, superior cerebellar artery.

Figure 7. Axial magnetic resonance-constructive interference in steady
state slice showing the cerebrospinal fluid (CSF) sign in right-sided
trigeminal neuralgia. The CSF sign is induced by a distortion of the
trigeminal fascicles by an arterial loop and CSF is seen in the interfascicular
space.
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severe than patients without the CSF sign. An involvement of all 3
trigeminal branches was found significantly in the patients with a
CSF sign. This finding could be based on the course of the tri-
geminal fibers of the ophthalmic nerve, maxillar nerve, and
mandibular nerve within the trigeminal nerve bundle, which
follow an elliptic array with V1 rostromedially and V3 later-
ocaudally. Another important aspect of the patients with a CSF
sign is the significant association (100%) with the clinical
involvement of the V1 branch, the ophthalmic nerve. A V1 symp-
tom is rare in the complete patient population with 18%, so that a
patient with a V1 symptom usually will have a CSF sign.
Table 7. Distribution of Causative Vessels by Various Loop
Morphologies

Loop Morphology n, Frequency (%)

CSF sign 24 (17)

Rostral loop axilla 10 (7)

Caudal SCA loop axilla 25 (17)

Double SCA loop 33 (23)

Sandwich compression by SCA and vein or AICA 18 (12)

CSF, cerebrospinal fluid; SCA, superior cerebellar artery; AICA, anterior inferior cerebellar
artery.
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The finding that significantly male patients show a CSF sign
leads to the question of a possible genetic component, which
might be associated with the CSF sign and points to a mechanical
alteration by arterial hypertension and atherosclerosis. This
finding should be analyzed in further studies, because former
studies showed that arterial hypertension usually showed no
relevance for the evolution of NVC syndromes at the brainstem.9

This study showed that the localization of the NVC referring the
intracisternal length of the trigeminal nerve was independent from
the postoperative outcome. The typology of the causative vessel
(arterial vs. venous, SCA vs. AICA, basilar artery, and vertebral
artery) showed no influence on the postoperative analgesia.
Recurrent TN after MVD is described with 35% in literature
dependent on the operative experience of the surgeon.9 There was
no significant difference in the data obtained by 1.5-Tesla MRI and
3-Tesla MRI. The statistical analysis of the distribution of pain-free
intervals showed that patients with a caudal loop SCA morphology
were significantly seldom pain-free compared with the patients in
the other groups, which shows that our analysis can be useful to
predict the clinical outcome of surgery. A precise identification of
anatomical, morphologic, and demographic factors is necessary to
optimize the process for patient selection for effective MVD.
This study also showed a new detail with the morphology of a

caudal SCA loop. Patient with this type of NVC were seldom pain
free in the 1-year postoperative follow-up. This result could be
explained by the fact that patients with a caudal SCA loop showed
compression of more than 50% of the intracisternal nerve length of
the trigeminal nerve. A long compression route could obviously be
compensated worse because more axons are possibly demyelinated
after even MVD is sufficiently performed. The role of remyeliniza-
tion of nerval fibers after decompression is still unclear. The initial,
directly postoperatively seen analgesia was seen in a large amount
of our patients first reflects the blockage of the generation of
ephaptic transmissions and their crossover to other fibers. This
could be explained by a separation of the demyelinized fibers after
decompression. A reperfusion of small endoneural capillaries might
support the spatial separation of demyelinized fibers, so that there
is a disruption of transmission of ephaptic impulses. This might
explain why patients with a caudal SCA loop are pain-free imme-
diately after MVD but develop neuralgic symptoms 1 year after
www.WORLDNEUROSURGERY.org 195
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surgery, because the regeneration of myelin sheaths are obviously
limited. This study shows that the distance of causative vessels on
the surface of the brainstem does not statistically differ between
pain-free patients and patients with recurrence of pain.

CONCLUSIONS

In this study, high-resolution MRI contributed to the
clinical valency and potential pathogenity of TN. A total of 76%
Photo by Ernest Wright, MD. ”The Human Connectio
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of the examined patients were integrated to the presented
classification. This evaluation is reproducible and standard-
ized, so that the clinical and anatomical details of NVC in the
diagnostics of TN could be applied to the described
classification in addition to the simultaneous, intraoperative
application of 3-dimensional visualization. This study
shows that the CSF sign is pathognomonic for V1 involvement
in TN.
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