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Abstract: 

 

Introduction: To analyze 3-Tesla magnetic resonance imaging (MRI) findings and clinical features 

of patients with trigeminal neuralgia who underwent percutaneous balloon compression (PBC), and 

to determine whether these findings had an impact on the prognosis of the disease. 

 

Methods: A retrospective review of patients with trigeminal neuralgia who underwent PBC in 

Istanbul Faculty of Medicine Neurosurgery Department between January 1st, 2007, and January 1st, 

2016, was undertaken. Of the 105 patients who underwent balloon compression, 27 patients who 

received surgical treatment for the first time for typical trigeminal neuralgia were included in the 

study. Follow-ups, clinical features, and 3-Tesla MRI findings were analyzed retrospectively. MRI 

findings and clinical features of patients with and without recurrence were compared. The 

correlation between fractional anisotropy (FA) values and recurrence was investigated.  

 

Results: Nine (33%) patients had recurrence during follow-up. The patients with recurrence had 

longer duration of symptoms (p=0.032), higher FA difference (∆FA) (p=0.042) and a higher FA 

difference rate (p̂ FA) (p=0.023). A trend towards early recurrence was found in patients with higher 

p̂FA, although not significant (p=0.051, R=0.319).  

 

Conclusion: Symptom duration was longer and the microstructural changes were more apparent in 

patients with recurrence. Symptom duration and FA values obtained with 3-Tesla MRI might be a 

valuable input in surgical decision besides age, co-morbidities and other clinical and radiographic 

features. 

 

  

Keywords: trigeminal neuralgia; percutaneous balloon compression; outcome; magnetic 

resonance imaging; fractional anisotropy 
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Introduction 

 Contemporary surgical treatment options for trigeminal neuralgia (TN) are microvascular 

decompression (MVD), percutaneous procedures (glycerol rhizotomy, radiofrequency 

thermocoagulation, balloon compression), and radiosurgery (Gamma-knife, Cyber-knife).1,2 Age 

and comorbidities, presence of neurovascular compression (NVC) shown in magnetic resonance 

imaging (MRI), effectiveness of medical treatment, and patient’s choice are considered factors in 

treatment selection. 

 With the introduction of 3-Tesla MRI devices, NVC can be detected with high sensitivity.3–5 

Diffusion tensor imaging (DTI) sequences help to determine microstructural changes in the 

trigeminal nerve root entry zone (REZ).6–8 Leal et al. found a correlation between effectiveness of 

MVD treatment and NVC determined with MRI.5 Prognosis was found better in patients with 

significant NVC and trigeminal atrophy. The effect of degree of NVC and microstructural changes 

in trigeminal REZ on the prognosis of percutaneous procedures has yet to be investigated. 

 

 Materials and Methods 

 Patient selection: 

 We retrospectively reviewed the clinical data of patients with TN who were treated with 

percutaneous balloon compression (PBC) in our institution between January 1st, 2007, and January 

1st, 2016. Twenty-seven patients of a total 105 patients were selected for the study using the 

following criteria: typical trigeminal neuralgia (Type I TN with paroxysmal, recurring, shock-like 

pain on one side of the face) without multiple sclerosis and PBC was the first surgical procedure; a 

pre-operative or follow-up MRI was obtained from all patients. All patients included in the study 

were interviewed about their post-operative and present conditions. 

 

 Clinical data: 

 The following data were obtained from hospital records and interviews: age, sex, duration 

from the start of the pain, side and dermatome, severity of pain (pre-operative and post-operative 

BNI scores), follow-up duration, and the time of recurrence if present. The difference of 

preoperative and early post-operative Barrow Neurological Institute (BNI) facial pain scores were 

calculated to demonstrate the first benefit from PBC. 

 

 Radiologic evaluation: 

 Four high-resolution MRI sequences were obtained from the patients using a Philips Ingenia 

3.0 Tesla MRI for evaluating neurovascular conflicts and microstructural changes. 
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 The presence and degree of NVC were examined using “driven equilibrium gradient 

recalled echo (DRIVE), time-of-flight angiography (TOF-MRA), and gadolinium enhanced 3D T1 

sequences. The degree of NVC was split into 4 categories using Leal et al.’s classification (Table 

1).9 

 The volume of the affected trigeminal nerve (V) was calculated using open source Medical 

Image Processing, Analysis and Visualization (MIPAV) software with the DRIVE sequence. 

Trigeminal nerve borders were delineated from the exit from the pons to the entrance of Meckel’s 

cave (Figure 1). The difference between the affected and unaffected side was calculated (∆V). 

Proportion of ∆V to non-affected nerve volume is used (p̂ V) for determining the degree of atrophy. 

 A DTI sequence was used to determine microstructural changes. Diffusion tensor imaging 

measures water proton diffusion within tissues. The derived fractional anisotropy value shows 

directionality of the diffusion and provides information about white matter pathologies affecting 

water diffusion.10 Fractional anisotropy and the apparent diffusion coefficient (ADC) of the affected 

REZs were calculated using a Philips Achieva workstation. The difference between the affected and 

unaffected sides was calculated (∆FA, ∆ADC) (Figure 2). In addition, the p̂ FA (∆FA/non-affected 

FA) value was calculated as well for statistical analysis.  

   

 Statistical analysis: 

 In patients with and without recurrence, variables such as age, symptom duration, first 

benefit, V, ∆V, p̂V, FA, ∆FA, p̂FA, ADC, and ∆ADC were compared using Student’s t-test. Chi-

square test was used for sex comparison. Diffusion parameters (FA, ∆FA, p̂FA, ADC, ∆ADC) of 

NVC and non-NVC groups were compared using the Mann-Whitney U test. Kendall’s Tau b 

correlation was performed with the symptom duration and recurrence time of patients after the 

significant difference in the recurrence and non-recurrence groups was determined. MRI variables 

(V, FA and ADC) of the affected and non-affected nerves were compared using Student’s t-test.  

 

 Results 

 The mean age of the 27 patients included in the study was found as 59.07 ±13.49 (range: 34-

82). The mean follow-up of patients was 37.3 ±21.08 months (range: 12-68 months). Recurrence of 

pain was seen in 9 patients (33%) during follow-up. Six (22%) of the patients had no NVC in their 

MRI (Table 2). 

 Pain was on the right side in 19 patients. One third of the patients had pain on V3 (Table 2). 

No patients had major complications such as anesthesia dolorosa, facial dysesthesia, loss of corneal 

reflex. Transient hypoesthesia developed in (88%) patients. 

 Further statistical analysis showed that p̂ FA, ∆FA (Figure 3), and symptom duration (Figure 
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4) differed significantly between the recurrence and non-recurrence groups (p<0.05) (Table 3). 

Kendall’s tau b analysis showed no significant correlation between p̂ FA and recurrence, although 

there was a trend towards early recurrence in patients with higher p̂ FA (p=0.051, R=0.319). 

 No significant differences were found in diffusion parameters between NVC and non-NVC 

groups (Table 4). Comparing radiological parameters between affected and non-affected nerves, 

only significant difference was seen in FA values (p=0.034) (Table 5). 

  

 Discussion 

 Long-term pain recurrence with PBC treatment varies between 20% and 43%, and 

immediate pain relief is higher than 90%.11–15 Recurrence rates are lower with MVD: 4% to 30%.16–

19 In our study, all patients had immediate pain relief after the procedure. Two patients (7%) had 

early pain recurrence within a month. Recurrence was seen in 33% of patients. Ablative procedures 

have a significantly higher recurrence rate in long term compared with MVD.19,20 The objective of 

PBC is to damage the unmyelinated fibers responsible for triggering in the REZ. Blocking this 

triggering mechanism is the hypothesized mechanism of pain relief.21 Brown et al. demonstrated 

that PBC selectively damages thick and unmyelinated sensorial fibers conducting a light touch input 

in a rabbit model while protecting A-delta and C fibers.22 This mechanism provides the blocking of 

impulses that trigger shock-like pain. In their study, there was no regeneration in preganglionic 

fibers for up to 270 days; it is uncertain if late regeneration will occur. If it occurs, late regeneration 

might be a factor in higher recurrence rates.  

 In our study, symptom duration was significantly higher in the recurrence group (p=0.032) 

(Table 3) (Figure 4).   Lutz et al. could not correlate NVC degree, FA values, and symptom duration 

in their study.7 Likewise, Strojnik et al. in a series of 27 patients found no correlation between PBC 

prognosis and clinical parameters including symptom duration.23 Many authors suggest that in the 

presence of arterial NVC, microstructural damage in the nerve occurs due to continuous arterial 

pulsations, but not compression itself.24–26 According to this view, we can infer that longer arterial 

NVC persists, the greater the damage on the nerve because NVC will progress. Hence, it could 

conceivably be hypothesized that more severe microstructural changes, thus higher ∆FA values are 

expected in patients who have longer symptom duration. Despite symptom duration being longer in 

the recurrence group, we could not correlate FA values and symptom duration in this study. Larger 

comparative series are needed to demonstrate the impact of symptom duration on recurrence rates 

and on microstructural changes in REZs. 

 Leal et al. showed that MVD provides a better prognosis in patients with a higher radiologic 

and surgical NVC degree.5 We were unable to find a significant difference in patients with recurrent 

disease in terms of NVC degree and atrophy, although ∆FA and p̂ FA values were found higher in 
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patients with recurrence (p=0.042, p=0.023) (Table 3) (Figure 3). Liu et al showed that lower FA 

values in the REZ correlated with higher pain scores.6 Hodaie et al. showed that damage on the 

nerve outside of the REZ did not affect the microstructural changes in the REZ.27 With the 

hypothesis that PBC will not affect the microstructural changes in REZ, we included all of the 

patients with an obtained 3-T MRI; whether it was before or after PBC. Persistence of the 

microstructural changes in the REZ might be an additional factor in higher recurrence rates because 

the effect of ablation may be temporary. There was a trend towards early recurrence in patients with 

higher p̂FA, but significance was not met (p=0.051, R=0.319), probably due to the insufficient 

sample size.  Based on these data, it is possible to hypothesize that prognosis after PBC might be 

worse with increased microstructural damages in REZ and with more severe microstructural 

changes in REZ, recurrence might set in earlier. 

Percutaneous procedures are less invasive compared with MVD, although they have higher 

recurrence rates. Thus, many authors suggest that MVD should be performed in younger and 

healthier patients.28–30 A higher degree of NVC also seems to favor MVD. When all the clinical data 

is considered such as age, degree of NVC, comorbidities and patient preference, the choice of 

treatment might be challenging in many patients. Pre-operative FA measurement of the trigeminal 

nerve REZ became available in many reference clinics with the use of high-resolution MRI 

devices.6–8 These devices are routinely used to accurately show the NVC degree in patients with 

TN. Higher FA differences determined with pre-operative MRI might lead surgeons to perform 

MVD instead of PBC in these challenging cases. Likewise, longer duration of symptoms may be 

considered as a factor favoring MVD. 

 The incidence of NVC in the general population is reported as up to 17% in some series, and 

the presence of NVC in the trigeminal nerve does not necessarily cause TN.31 This high incidence in 

the general population caused some authors to argue the TN etiopathogenesis.32 Liu et al. detected a 

correlation between patients’ pain score and ∆FA.6 It may be more sensitive than ∆V in showing the 

presence or severity of TN, because FA values indicate demyelination and microstructural changes. 

In many TN studies, FA values differed significantly between affected and non-affected nerves.7,8,33 

When we compared affected and non-affected trigeminal nerves of patients with TN, we found a 

statistically significant difference in FA values (p=0.034); however, the difference in V was not 

statistically significant (p=0.054) (Table 5). Our results suggest that demyelination and not atrophy 

might be the main factor in etiopathogenesis of TN.  

 Love et al. performed partial rhizotomy of the TN in 3 patients with NVC who were not 

suitable for MVD and histopathologically showed demyelination and remyelination.24 On the other 

hand, Hilton et al. observed no demyelination in 6 patients without NVC.26 Devor et al. suggested 

that the trigeminal ganglion may be the site of pathology in patients without vascular contact in 
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REZ.34 A histopathologic study made in typical patients with TN demonstrated microstructural 

changes in trigeminal ganglion.35 Diffusion changes in MRI of the affected hemisphere white matter 

has been shown in patients with TN.36 Additionally, these changes could return to normal with 

successful MVD treatment.37 Regarding diffusion parameters there were no differences between the 

NVC and non-NVC groups (Table 4). The inability to find any significant differences of radiologic 

features between the patients with and without NVC may be due to insufficient sample size of the 

non-NVC group (6 patients). The histopathologic demonstration of microstructural changes in 

patients without NVC is no longer an option because rhizotomy of the trigeminal nerve is no longer 

considered a suitable treatment in TN. Although with larger sample size of non-NVC patients, 

radiological detection of microstructural changes might be possible. In addition, the research should 

also be directed to trigeminal tract sites other than REZ for enlightening the etiopathogenesis. 

 High resolution MRI became the gold-standard diagnostic tool for TN in recent years.3,4,6–8 

A few sequences are routinely used in diagnosis consisting usually a steady state T2 sequence, an 

angiography sequence and a gadolinium enhanced sequence. These sequences are obtained and 

merged via sophisticated software for demonstrating the NVC and even for identifying conflicting 

vessel. However DTI sequences are still used for research purposes. FA values of trigeminal REZ 

obtained with DTI sequences might be useful for the management of the disease although ADC 

value range is too large for obtaining any useful data. Accordingly in trigeminal DTI studies ADC 

values often doesn't have any significant results.6–8,33 Partial volume effect of cerebrospinal fluid is 

another common problem in DTI studies.6,7,33  Merging high resolution T2 sequence with DTI and 

making voxel size 2x2x2 mm minimize this effect, however range of calculated FA values is still far 

from optimal. Although it might still be a useful input among other clinical and radiological features 

considering the relevant results. 

 

 Conclusions 

 Choice of surgical treatment for trigeminal neuralgia depends on many factors. Symptom 

duration and ∆FA values were significantly higher in patients with recurrence who are treated with 

PBC. Symptom duration and FA value of the trigeminal REZ might be a valuable input in surgical 

decision besides age, co-morbidities and other clinical and radiographic features. DTI sequences 

obtained with high resolution MRI are generally used for research purposes instead of diagnosis. 

However routine use of these sequences might be useful in management of trigeminal neuralgia. 
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Figures legend 

Figure 1. Calculation of the trigeminal nerve volume with Medical Image Processing, 

Analysis and Visualization (MIPAV) software. 

Figure 2. Calculation of root entry zone (REZ) diffusion parameters. 

Figure 3. Fractional anisotropy difference (∆FA) comparison between recurrence and non-

recurrence groups. 

Figure 4. Symptom duration of recurrence and non-recurrence groups. 
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        Table 1. Leal et al.’s NVC degree classification. 

 
 
 
 
 
 
 
 

 
NVC=neurovascular compression 

0 No contact with the vessel 

1 Simple contact with the vessel 

2 Contact and indentation of the nerve 

3 Contact and distortion of the nerve 
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Table 2. Patient characteristics 

 

 

 

NVC= neurovascular compression 

Age  
Mean 59.07 ±13.49 
Range 34-82 

Sex  
Male 17 (63) 
Female 10 (37) 

Side  
Right 19 (70) 
Left 8 (30) 

Dermatome  
V2 6 (22) 
V3 9 (33) 
V12 1 (4) 
V23 8 (30) 
V123 3 (11) 

First benefit  
1 4 (15) 
2 2 (8) 
3 12 (44) 
4 9 (33) 

Follow-up  
Mean 37.3 ±21.08  months 
Range 12-68 months 

Recurrence  
With recurrence 9 (33) 
Without recurrence 18 (67) 

NVC degree  
0 6 (22) 
1 3 (11) 
2 7 (26) 
3 11 (41) 
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Table 3. Comparison of clinical and radiologic features between recurrence and non-recurrence 

groups. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FA= fractional anisotropy; ADC= apparent diffusion coefficient; NVC=neurovascular 
compression 
* statistically significant: p≤0.05 

 Recurrence (n=9) Non-recurrence (n=18) p 
Age 58.77 ±13 59.22 ±14 0.938 

Sex M: 6   F: 3 M: 11  F: 7 0.561 

Symptom duration 80.88 ±50.6 37.94 ±44.10 0.032*  

First benefit 2.77 ±1.2 3.11 ±0.83 0.406  

Affected nerve volume (V) 40.84 ±19.53 49.93 ±25.41 0.356 

Volume difference (∆V) 13.56 ±13.75 12.12 ±19.16 0.843 

Volume difference rate (p̂ V) 0.23 ±0.17 0.19 ±0.25 0.741 

Affected nerve FA (FA) 0.27 ±0,07 0.30 ±0.06 0.094 

FA difference (∆FA) 0.07 ±0.06 0.02 ±0.05 0.042*  

FA difference rate (p̂ FA) 0.21 ±0.19 0.04 ±0.15 0.023*  

Affected nerve ADC 2.26 ±0.51 1.90 ±0.66 0.164 

ADC difference (∆ADC) -0.35 ±0.60 0.18 ±0.87 0.110 

NVC degree 2.1 ±1.05 1.72 ±1.2 0.408  
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Table 4. Comparison of diffusion parameters between patients with and without NVC. 

 
 
 
 
 
 
 
 
 
 

 
 
FA= fractional anisotropy; ADC= apparent diffusion coefficient; NVC=neurovascular 

compression 

 NVC (n=21) Non-NVC (n=6) p 
Affected nerve FA (FA) 0.29 ±0.07 0.31 ±0.04 0.521 

FA difference (∆FA) 1.96 ±0.6 2.22 ±0.73 0.683 

FA difference rate ( p̂FA) 0.11 ±0.2 0.06  ±0.08 0.585 

Affected nerve ADC (ADC) 0.05 ±0.88 -0.16 ±0.59 0.816 

ADC difference (∆ADC) -0.35 ±0.60 0.18 ±0.87 0.110 
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Table 5. Comparison of radiologic values between affected side and non-affected side nerves. 

 

 

 

V= volume; FA= fractional anisotropy; ADC= apparent diffusion coefficient 
* statistically significant: p≤0.05 

 Affected side nerve Non-affected side nerve p  

V 49.90 ±23.64 59.50 ±23.37 0.054 

FA 0.30 ±0.06 0.33 ±0.05 0.034*  

ADC 2.02 ±0.62 2.03 ±0.55 0.960 
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Highlights: 

1. Symptom duration was found significantly higher in patients with recurrence after PBC. 

2. Indicators of microstructural changes -p̂FA and ∆FA- was found higher in patients with 

recurrence. 

3. There was a trend towards early recurrence in patients with higher p̂FA but not 

significant. 

4. There was no difference in diffusion parameters between the NVC and non-NVC groups. 

5. When we compared affected and non-affected trigeminal nerves of patients, we found a 

statistically significant difference only in FA values. 

6. Symptom duration and FA values might be a valuable input for procedure selection 

besides age, co-morbidities and other clinical and radiographic features. 
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List of abbreviations: 

ADC: Apparent diffusion coefficient 

BNI: Barrow Neurological Institute 

DRIVE: driven equilibrium gradient recalled echo 

DTI: Diffusion tensor imaging 

FA: Fractional anisotropy 

MIPAV: Medical Image Processing, Analysis and Visualization 

MVD: Microvascular decompression 

NVC: Neurovascular compression 

PBC: Percutaneous balloon compression 

p̂FA: Fractional anisotropy difference rate 

p̂V: Volume difference rate 

REZ: Root entry zone 

TN: Trigeminal neuralgia 

TOF-MRA: Time-of-flight angiography 

V: Volume 

∆ADC: Apparent diffusion coefficient difference 

∆FA: Fractional anisotropy difference 
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∆V: Volume difference 
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