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Abstract 
 
Objective 

The aim of this study was to investigate prognostic factors for microvascular 

decompression (MVD) in patients with primary trigeminal neuralgia (TN), with a 

particular focus on the morphology of the posterior cranial fossa (PCF). 

Methods 

The present study investigated 126 surgically treated primary TN patients with more 

than 1-year follow-up who underwent high-resolution magnetic resonance imaging 

between April 2003 and September 2015. We retrospectively reviewed clinical 

information and operative findings. Outcomes of MVD were also evaluated and patients 

were classified into “success” and “failure” groups. Furthermore, length, width, and 

height of the PCF were measured by approximation to an ellipsoid with reference to the 

anterior commissure-posterior commissure line. These values were compared between 

groups. 

Results 

Atypical type-2 TN (P<0.001) and weak neurovascular compression (NVC) (P<0.001) 

correlated significantly with poor outcomes of MVD for primary TN. In terms of PCF 

morphology, the failure group showed a flatter PCF than the success group, while sex, 

age, affected side, topography of facial pain, interval between onset and surgery, 

responsible vessel, location of compression along the nerve, and site of compression 

around the circumference of the nerve root did not significantly affect outcomes of 

MVD for primary TN. 

Conclusions 

The present study identified type-2 TN, weak NVC, and flatness of the PCF as 

predictors of poor prognosis after MVD for primary TN. 
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Highlights 
� Microvascular decompression (MVD) is an effective surgical procedure for 

TN, however, recurrence of TN after MVD is not rare. 

� The present study investigated 126 surgically treated primary TN patients 

with more than 1-year follow-up to identify the prognostic factors relevant to 

the recurrence of TN after MVD. 

� Type-2 TN and weak NVC were identified as negative prognostic factors for 

the outcomes of MVD for primary TN.  

� A relatively flatter PCF was associated with a poorer outcome following 

MVD for primary TN. Repeated NVC and arachnoid adhesions between the 

trigeminal nerve and surrounding structures could be facilitated by a flat 

PCF. 

 
 
Introduction 
Trigeminal neuralgia (TN) was first proposed by Dandy in 1934 as a disease caused by 

neurovascular compression (NVC) of the trigeminal nerve. Since then, microvascular 

decompression (MVD) has been established as an effective surgical procedure for 

TN.
1,2

 However, recurrence of TN after MVD is not rare, with the rate increasing 

gradually over prolonged follow-up.
3,4 Female sex,

1,5
 age,

5,6 duration of symptoms,
1,5

 

severity of NVC,
4,6-8

 multiple offending vessels,
6,9

 and involvement of veins
1,6 are 

reportedly associated with recurrence of TN after MVD. Several imaging studies have 

revealed anatomical variations of posterior cranial fossa (PCF) in connection with 

increased postoperative recurrence of TN, such as atrophy of the trigeminal 

nerve,
8,10-12 a small cerebellopontine angle,

10,11,13-15
 and trigeminal-pontine angle

11
. 

However, those anatomical studies did not fully investigate the association of PCF 

configuration with postoperative recurrence. 

The aim of the present study was to elucidate the prognostic factors relevant to the 

recurrence of TN after MVD with a special focus on anatomical variations of PCF. 

 

 

Materials and Methods 
Patient data and study design 
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A total of 271 patients underwent MVD for TN in Nagoya University Hospital or an 

affiliate hospital between April 2003 and September 2015. The present study included 

126 eligible patients who had 3-dimensional (3D) high-resolution magnetic resonance 

imaging (MRI) preoperatively and had been followed-up for at least 1 year. Patients 

with a history of depression, previous craniotomy, gamma knife surgery, or nerve block 

were excluded. The medical records were reviewed to collect the clinical information of 

sex, age, affected side, topography of facial pain, interval from onset to surgery, and 

outcomes of MVD at final follow-up or just before repeated surgery in cases of 

recurrence. Patients were also categorized as showing typical TN (type-1 TN), 

characterized by attacks of intense, stabbing pain, or atypical TN (type-2 TN), 

characterized by less intense, constant dull or burning pain as advocated by the 

International Headache Society. The responsible vessels, severity of NVC, and location 

of compression along the nerve were assessed from intraoperative inspection. 

Morphology of the PCF was also analyzed on 3D high-resolution MRI as fast imaging 

employing steady-state acquisition (FIESTA) acquired using a 1.5-T MRI scanner 

(Signa HDe; GE Healthcare, Japan) or constructive interference in steady-state (CISS) 

acquired using a 3-T MRI scanner (Magnetom Trio; Siemens A Tim System, Germany). 

Outcomes of MVD, including postoperative pain, complications, and surgical results, 

were evaluated using the MVD Evaluation Score proposed by Kondo et al.
16

 at final 

follow-up (Table 1). Patients were also divided into two groups in terms of facial pain 

based on MVD Evaluation score: a success group scoring E-0 or E-1, and a failure 

group scoring E-2 or E-3. Clinical information, intraoperative findings, and morphology 

of the PCF were compared between the two groups to identify prognostic factors after 

MVD. 

 

Surgical procedure and assessment of intraoperative findings 

Standard retrosigmoid suboccipital craniotomy was performed in all cases under 

general anesthesia. With gentle retraction of the cerebellum, the trigeminal cistern was 

approached. Adequate arachnoidal openings could expose the trigeminal nerve with 

preservation of the petrosal veins. The nerve was inspected from the root entry zone all 

the way up to the exit from Meckel’s cave. Transposition of these offending vessels was 

performed in all cases with NVC. Two different materials, polytetrafluoroethylene 

(PTFE) or Absorbable Hemostat (SURGICAL®; Johnson & Johnson, Japan), were 
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employed depending on the surgeon’s preference for transposition of the offending 

arteries and fixation of them to the dura mater in combination with fibrin glue. In cases 

without NVC, the tortuous course of the nerve was straightened by sufficient 

arachnoidal dissection and isolation of the trigeminal nerve. Intraoperative auditory 

brainstem response monitoring was routinely performed. The culprit arteries involved in 

NVC (superior cerebellar artery [SCA], anterior inferior cerebellar artery [AICA], 

posterior inferior cerebellar artery [PICA], vertebral artery [VA], basilar artery [BA], or 

absence of NVC), severity of NVC (Grade 0: absence of NVC; Grade 1: vessel simply 

in contact with the nerve, without any visible deformity of the root; Grade 2: 

displacement or distortion of the root; and Grade 3: clear-cut and marked indentation on 

the root), location of compression along the nerve (trigeminal root entry zone [TREZ]; 

<5 mm from entry into the pons, midcisternal [MC] segment, or juxtapetrous segment 

[JP]; at the exit of the root from Meckel’s cave) and site of compression around the 

circumference of the root (superomedial [SM] to the root, superolateral [SL] to the root, 

or inferior [INF] to the root) were recorded. The methods of the evaluation are 

summarized in Table 2. 

 

Analysis of morphology and volume of the PCF 

The morphology and volume of the PCF were evaluated by approximation to an 

ellipsoid in accordance with the method introduced by Hamasaki et al. in a study of 

hemifacial spasm.
17

 Specifically, length, width, and height of the ellipsoid were 

determined on 3D high-resolution MRI as shown in Figure 1. Length (Y) was defined 

as the distance from the posterior clinoid process to the sinus confluence along the 

antero-posterior commissure line (Y axis), height (Z) was defined as the distance from 

the uppermost portion of the straight sinus to the foramen magnum along the line 

perpendicular to the antero-posterior commissure line (Z axis), and width (X) was 

defined as the distance between the bilateral transverse-sigmoid sinus junctions along 

the right-left axis (X axis). The morphology and volume of the PCF were evaluated by 

measuring absolute X, Y, and Z values, ratio of X to Y extent (X/Y), ratio of X to Z 

extent (X/Z), ratio of Y to Z extent (Y/Z), and volume (πXYZ/6) of the ellipsoid (Figure 

1d). 

 

Statistical analysis 
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All statistical analyses were performed using SPSS Statistics version 22.0
®

 software 

(IBM, Tokyo, Japan). Student’s t-test or the Mann-Whitney U test was used for 

continuous data. Pearson’s chi-square test was used for categorized data. Continuous 

data were expressed as mean ± standard error of the mean. Values of P<0.05 were 

defined as statistically significant in the present study. 

 

 

Results 
Surgical outcomes, patient demographics and clinical symptoms 

Demographic features and surgical outcomes for the 126 TN patients are shown in 

Table 3. The present study included 53 men and 73 women with a mean age of 62.1±1.3 

years (range, 23-87 years). Mean follow-up period after surgery was 32.7±2.1 months 

(range, 12-126 months). A total of 109 patients presented with type-1 TN and 17 

patients presented with type-2 TN. Among procedures involving transposition, PTFE 

was used in 55 cases and absorbable hemostat was used in 71 cases. All 126 cases 

successfully achieved immediate post-operative improvement of pain. Eventually, 80 

cases (63.5%) showed complete relief of pain (E-0), 15 cases (11.9%) showed 

occasional pain (E-1), 14 cases (11.1%) experienced controllable moderate pain (E-2), 

and 17 cases (13.5%) suffered from persistent pain (E-3) at final follow-up. Three cases 

developed mild hearing impairment and 2 cases had severe hearing impairment, but the 

remaining 121 cases showed no detectable complications including infection, bleeding, 

meningitis, hematoma, facial paralysis and others. Intraoperative findings about 

identification and location of the offending vessels and severity of NVC are 

summarized in Table 4. Patients were divided into two groups (success and failure 

groups) based on the outcomes of MVD. Patient demographics, clinical symptoms, and 

intraoperative findings were compared between groups (Table 5). Type-2 TN was 

significantly associated with poor prognosis after MVD compared to type-1 TN 

(P<0.001). A comparison of E-score between types 1 and 2 is shown in Figure 2a. 

Severity of NVC was significantly associated with outcomes of MVD (P<0.001, 

Pearson’s chi-square test). Comparison of E-scores based on severity of NVC revealed 

that mild NVC was associated with worse outcome of MVD (Figure 2b). In particular, 

postoperative E-score of all grade 3 NVC cases revealed an excellent prognosis, with 31 

E-0 cases, 3 E-1 cases, and no E-2 or E-3 cases. These results indicate mild NVC as a 
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negative prognostic factor of MVD for primary TN. 

 

Assessment of morphology and volume of PCF 

Values of Z, X/Z, and Y/Z were significantly larger in the success group than in the 

failure group (success vs. failure, Z: 61.8±0.5 vs. 59.3±0.7 mm, P=0.008, X/Z: 

1.617±0.014 vs. 1.677±0.023, P=0.030, Y/Z: 1.086±0.009 vs. 1.127±0.015, P=0.025) 

(Table 6). No significant differences in values of X, Y, and X/Y were identified between 

groups (success vs. failure, X: 99.4±0.4 vs. 99.2±0.9 mm, P=0.774, Y: 66.8±0.4 vs. 

66.6±0.7 mm, P=0.850, X/Y: 1.492±0.009 vs. 1.491±0.016, P=0.956). The volume of 

PCF tended to be smaller in the failure group than in the success group, although no 

statistical difference was identified (success vs. failure, 215.4±2.7 cm3 vs. 205.8±4.6 

cm3, P=0.078). These results indicated that the configuration of PCF in the failure group 

was smaller along the superior-inferior axis than that in the success group. In other 

words, “flatness” of the PCF was associated with poor outcomes of MVD for primary 

TN. 

 

 

Discussion 
Numerous prognostic factors of MVD for TN have been investigated and reported to 

date.
4,6,8

 The present study demonstrated that atypical type-2 TN, mild NVC, and a 

flat-shaped PCF were associated with poor outcome of MVD for primary TN. 

Several studies have indicated poor surgical outcomes for type-2 TN compared to 

type-1 TN,
7,18,19

 and other studies have provided supported evidence that severity of 

NVC has a positive influence on surgical outcomes.
4,6-8

 The present study showed 

successful outcome in only 5 of 17 patients with type-2 TN. In light of this negative 

outcome, we cannot recommend to consider type-2 TN as a good surgical indication. 

Unlike hemifacial spasm, in which most causes are attributed to NVC of arteries,
20,21

 

primary TN is associated with a variety of conditions,
22

 such as NVC of arteries, veins, 

or intraneural arteries,
23

 and even arachnoid adhesions without NVC. Lee et al. reported 

that type-1 and type-2 TN without NVC comprised 28.8% and 18.4% respectively.
24

 

Based on operative findings, Ishikawa et al. proposed that arachnoid thickening or 

granulomatous adhesions between the root and surrounding structures could cause 

angulation and/or torsion of the root, suggesting the importance of ensuring freedom of 
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the root along its entire length.
25

 The present study also confirmed that NVC was not 

identified in 19 of the 126 cases (15.1%), indicating that the lesions responsible for 

recurrent TN could take multiple forms,
26,27

 such as NVC with the same vessels as the 

initial symptoms or different vessels, granuloma of prosthesis, and arachnoid adhesions 

without NVC. Janetta and Bissonette re-explored 51 cases of recurrent TN after MVD, 

finding NVC as the major cause of recurrence (42 cases, 82%).
28

 Gu et al. also 

identified NVC intraoperatively in five of eight patients with recurrence (62.5%).
26

 On 

the other hand, Kureshi et al. reported that recurrent vascular compression was seldom 

identified in patients with persistent or recurrent TN.
29

 Cho et al. reported negative 

results of exploration in 52% of recurrent cases.
30

 Yang et al. described arachnoid 

adhesions of the Teflon felt and vascular compression of the nerve as the main causes of 

recurrence.
27

 From these discussions, the same pathophysiological mechanism as the 

initial manifestation is likely to contribute to the recurrent symptoms. 

The most prominent result of the present study was that flatness of the PCF was 

associated with outcomes of MVD for primary TN. The volume of the PCF tended to be 

smaller in the failure group than in the success group, but this difference was not 

significant. On the other hand, the PCF of the failure group was significantly flatter than 

that of the success group. Recent technical advances in MRI have given a clear 

visualization of neurovascular relationships.
31,32

 In particular, several reports have 

advocated a small cerebellopontine angle negatively affecting the outcomes of 

MVD.
10,13-15 However, the relationship between flatness of the PCF and outcomes of 

MVD for primary TN has not been described to date. In cases of hemifacial spasm, 

flatness
17

 and narrowness
33,34

 of the PCF have been noted as possible causes of 

recurrence after MVD. Hamasaki et al. advocated that flatness of PCF could lead to 

deviation of the basilar artery and tortuous changes in the branched arteries, resulting in 

a propensity for NVC in hemifacial spasm cases.
17

 We consider these facts to also be 

true for TN. Furthermore, some authors have revealed an increased proportion of 

postoperative arachnoid adhesions, which could lead to distortion of the TN in the 

absence of NVC, responsible for recurrent TN compared to initial TN.
26,27,29,30

 A flat 

PCF could result in a physically closer relationship between the TN and surrounding 

vessels as well as the tentorium. Once tortuous changes to these vessels take place with 

aging under a flat PCF, NVC and arachnoid adhesions are more likely to be triggered. 

The present study indicated that type-2 TN, weak NVC on a trigeminal nerve, and flat 
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PCF represent negative prognostic factors for the outcomes of MVD for primary TN. 

We analyzed the morphology of the PCF by approximation to an ellipsoid.
17

 This 

method requires high-resolution 3D-MRI and offers substantial value in enabling easy 

measurement of the morphology and volume of the PCF without any special imaging 

analysis software. If prognostic factors for the outcomes of MVD for primary TN can be 

clarified, prediction of prognosis and more suitable surgical indications for primary TN 

may be facilitated. Long-term follow-up clinical trials of a large number of cases are 

needed, using classifications of each type of lesion responsible for recurrence. 

Some limitations need to be considered in the present study. First, a relatively small 

number of cases were analyzed, with a short duration of follow-up. A longer follow-up 

phase might reveal more recurrent cases. Second, accurate pathophysiology of 

recurrences could not be determined for those patients who did not undergo repeated 

surgery. 

 

Conclusions 
Type-2 TN, weak NVC, and flat PCF were identified as negative prognostic factors for 

the outcomes of MVD for primary TN. The present study is the first report to indicate 

that a relatively flatter PCF might affect outcomes of MVD for primary TN. Repeated 

NVC and arachnoid adhesions between the trigeminal nerve and surrounding structures 

could be facilitated by a flat PCF. Long-term follow-up of a large number of cases is 

needed for further clarification of the relevance of the configuration of the posterior 

fossa to TN recurrence. 
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FIGURE LEGENDS  
 

Figure 1: Method for morphological analysis of the posterior cranial fossa 

a) Horizontal and vertical lines indicate the Y and Z axes on a mid-sagittal slice, 

respectively. The anterior commissure (AC) and posterior commissure (PC) are shown 

as the origin and a point on the Y axis (white dot). 

b) The length of the posterior cranial fossa (Y, blue line) is measured along the Y axis 

from the vertical dotted line through the posterior clinoid process to the sinus 

confluence. The height of the posterior cranial fossa (Z, orange line) is measured along 

the Z axis from the uppermost point of the straight sinus to the horizontal dotted line 

through the posterior edge of the foramen magnum. 

c) A coronal slice showing measurements on the X axis. Width of the posterior cranial 

fossa (X, green line) is measured along the X axis between bilateral 

transverse-sigmoid sinus junctions.  

d) Method for approximating the PCF to an ellipsoid. Volume of the PCF was 

evaluated as the volume of an ellipsoid, measured as πXYZ/6. 
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Figure 2: Correlation between type of pain or severity of NVC and outcome of MVD 

a) Outcome of MVD was significantly better for type-1 TN than for type-2 TN 

(P<0.001, Mann-Whitney U test). Bars indicate standard errors. 

b) Outcome of each group categorized by grade of NVC. Statistical comparisons 

between groups were performed using the Mann-Whitney U test. The more severe the 

NVC, the better the outcomes of MVD (Grade-0 vs. Grade-1: P=0017, Grade-0 vs. 

Grade-2: P=0.018, Grade-0 vs. Grade-3: P<0.001, Grade-1 vs. Grade-2: P=0.682, 

Grade-1 vs. Grade-3: P<0.001, Grade-2 vs. Grade-3: P=0.004). In particular, 

outcomes were significantly better for grade 3 cases than for any other group. These 

results indicated a weak NVC as a negative prognostic factor for outcomes of MVD 

for primary TN. Bars indicate standard errors. 
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Table 1  Evaluation of MVD outcomes 

 

 

Evaluation of postopetative pain (E) 
E-0: Completely pain-free 

E-1: Occasional slight pain, self-controllable, without medication 

E-2: Moderate pain, controllable by medication 

E-3: Persistent pain, not controllable by medication, not cured 
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Table 2  The evaluation methods of surgical findings 

 

Severity of the compression 
Grade 0: 

absence of NVC 

Grade 1: 

the vessel was in contact with the root but without any visible indentation 

Grade 2: 

a displacement and/or a distortion of the root 

Grade 3: 

a clear-cut and marked indentation of the root 

 

 

Location of compression along the nerve root 
TREZ: trigeminal root entry zone <5mm from entry into the pons 

MC: midcisternal segment 

JP: juxtapetrous segment 

 

 

Site of compression around the circumference of the root 
SM: superomedial  

SL: superolateral 

INF: inferior 
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Table 3  Demographic features and surgical outcomes of the 

126 patients in the present study 

Variable Number (%) (N=126) 

 Sex  

 Male 53 

Female 73 

 Age (years) 62.1±1.3 (range, 23-87) 

 Side  

Right 66 

Left 60 

 Topography of facial pain  

V1/V1.2/V1,2,3 19 

V2 36 

V2,3 36 

V3 35 

 Type of pain  

Type-1 109 

Type-2 17 

 Procedure  

PTFE 55 

Absorbable Hemostat 71 

 Interval between onset and surgery (months) 52.2±4.8 (range, 2-306) 

 Final follow up period (months) 32.7±2.1 (range, 12-126) 

 Outcome of MVD at final follow-up  

E-0 80 (63.5%) 

E-1 15 (11.9%) 

E-2 14 (11.1%) 

E-3 17 (13.5%) 

Success (E-0 and E-1) 95 (75.4%) 

Failure (E-2 and E-3) 31 (24.6%) 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Table 4  Summary of surgical findings about the 
responsible vessel 

 

Variable Number (%) 

 Responsible vessel N=126 

SCA 84 (66.7%) 

AICA/ PICA 15 (11.9%) 

VA/BA 8 (6.3%) 

Absence 19 (15.1%) 

 Severity of compression N=126 

Grade 0 19 (15.1%) 

Grade 1 33 (26.2%) 

Grade 2 40 (31.7%) 

Grade 3 34 (27.0%) 

 Location of compression N=107 

REZ 55 (51.4%) 

MC 48 (44.9%) 

JP 4 (3.7%) 

 Site of compression N=107 

SM 75 (70.1%) 

SL 14 (13.1%) 

INF 18 (16.8%) 

SCA: superior cerebellar artery, AICA: anterior inferior cerebellar 

artery, PICA: posterior inferior cerebellar artery, VA: vertebral 

artery, BA: basilar artery,  REZ: root entry zone, MC: 

midcisternal, JP: juxtapetrous, SM: superiomedial, SL: 

superiolateral, INF: inferior 
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Table 5  Results of preoperative variables associated with 
outcome of MVD 

 

Variable Success Failure P value 

 Sex     0.663 

 Male   41 12  

Female 54 19  

 Age (years) 63.0±1.4 59.5±2.8 0.265 

 Side   0.466 

Right 48 18  

Left 47 13  

 Topography of facial pain   0.421 

V1/V1.2/V1,2,3 16 3  

V2 29 7  

V2,3 24 12  

V3 26 9  

 Type of pain   <0.001 

✳  

Type-1 90 19  

Type-2 5 12  

 Transposition Procedure   0.141 

PTFE 45 10  

Absorbable Hemostat 50 21  

 Interval between onset and surgery (months) 52.0±5.3 52.7±11.1 0.518 

 Final follow up period (months) 30.9±2.2 38.2±5.2 0.245 

 Responsible vessel   0.244  

SCA 69 15  

AICA/ PICA 11 4  

VA/BA 8 0  

 Severity of NVC   <0.001 

✳  
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Grade-0 7 12  

Grade-1 25 8  

Grade-2 29 11  

Grade-3 34 0  

 Location of compression   0.910  

REZ 45 10  

MC 40 8  

JP 3 1  

 Site of compression   0.186 

SM 65 10  

SL 10 4  

INF 13 5  

P value calculated by using Pearson’s chi-square test for categorized data and 

Mann-Whitney U tests for continuous data. 

* Indicates a statistical significance. 
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Table 6  Comparison of each parameter of PCF between 
success and failure groups 

 

parameter Success Failure P value 

X (mm) 99.4±0.4 99.2±0.9 0.774  

Y (mm) 66.8±0.4 66.6±0.7 0.850  

Z (mm) 61.8±0.5 59.3±0.7  0.008 ✳ 

X/Y 1.492±0.009 1.491±0.016 0.956  

X/Z 1.617±0.014 1.677±0.023  0.030 ✳ 

Y/Z 1.086±0.009 1.127±0.015  0.025 ✳ 

PCF volume 215.4±2.7 205.8±4.6 0.078  

P value calculated by using Student’s t-test. 

* Indicates a statistical significance. 
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