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Introduction
Neurovascular compression syndromes such as 

hemifacial spasm and trigeminal neuralgia are chronic 
neuropathic pain conditions caused by vascular com-
pression of the trigeminal nerve or facial nerve that 
can lead to partial demyelination of the nerve fibers 
and ultimately, result in abnormal impulse transmis-
sion and processing1-4. The hemodynamic forces that 

act on the blood vessel wall in the area where it is 
in contact with the nerve could perhaps provide ad-
ditional information for better understanding of the 
pathophysiology of trigeminal neuralgia. Although the 
field of trigeminal neuralgia has been well-researched 
in the last two decades, some parts of the pathophysi-
ology are still unclear.

In the last decade, computational fluid dynamics 
(CFD) has shown valuable application in the field of 
vascular neurosurgery5-8. Numerous hemodynamic pa-
rameters were studied, such as wall shear stress (WSS) 
and oscillatory shear index7,9,10. Several earlier studies 
investigated the benefits and usefulness of CFD in 
neurovascular syndrome3,11,12. Satoh et al. found that 
some patterns of the changes in preoperative WSS 
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SUMMARY – Although earlier studies showed higher values of wall shear stress in neurovascular 
conflict, hemodynamic patterns in the blood vessel after microvascular decompression are unknown. This 
study aimed to analyze the hemodynamic features of the offending artery preoperatively and postoperative-
ly using computational fluid dynamics. We retrospectively analyzed 11 patients with trigeminal neuralgia 
who were surgically treated in our department during 2022. All patients underwent pre- and postoperative 
computed tomography angiography. Hemoscope software was used for computational fluid dynamics anal-
ysis. This analysis included 11 patients, median age 71 years (54.5% of female patients). Superior cerebellar 
artery was the most common offending vessel. In all 11 patients, elevated values of wall shear stress were 
found in the area of neurovascular contact. Postoperatively, with improvement of the patient clinical status, 
there was also a decrease in wall shear stress. Computational fluid dynamics analysis of offending vessels 
in trigeminal neuralgia can be a useful tool in preoperative planning and in assessing treatment outcomes 
and prognosis.

Key words: Computational fluid dynamics; Trigeminal neuralgia; Wall shear stress



Acta Clin Croat, Vol. 62, No. 4, 2023 673

D. Jankovic et al. Computational fluid dynamics 

may correlate with the neurovascular contact region12. 
Another study performed by Tamer et al. suggested 
that at the contact site, high hemodynamic parameter 
values might indicate a neurovascular conflict zone13. 

However, we still do not know how hemodynam-
ic parameters behave after surgery. To our knowledge, 
there are no studies comparing CFD and surgical re-
sults. Therefore, our study aimed to analyze CFD data 
and compare them with surgical outcomes. 

Material and Methods
We performed a retrospective study of 11 consec-

utive patients undergoing endoscopic decompression 
of trigeminal neuralgia at the Department of Neuro-
surgery, Fujita Health University Bantane Hospital. 
Patient data were de-identified before analysis. Basic 
demographic data (age and gender) and neurologic 
admission status were collected. The radiological find-
ings analyzed included location and site of neurovas-
cular conflict and identification of the offending vessel. 
Barrow Neurological Institute Pain Scale (BNI-PS) 
was used to analyze pain intensity preoperatively and 
postoperatively. All operations were performed by the 
consultant neurosurgeon (F.K.) according to the pre-
viously published technique14.

Computational fluid dynamics modeling
Computed tomography angiography (CTA) was 

performed preoperatively as a routine work-up and the 
day after surgery to evaluate the success of the proce-
dure. CTA images were taken using a 320-row camera 
(Aquilion ONE; Canon, Tokyo, Japan) and processed 
using a Ziostation2 image-processing workstation 
(Ziosoft, Tokyo, Japan) to extract blood vessels. CFD 
images were created with Hemoscope software (Amin 
Corp., Minato Ward, Tokyo, Japan) according to the 
protocol published in our earlier publication1. For each 
offending vessel, we investigated instantaneous wall 
shear stress magnitude (WSSm) and streamline veloc-
ity and direction (SL).

Given that one of our hypotheses was that the 
WSS values were not equal in the entire blood ves-
sel that had contact with the nerve, we divided the 
blood vessel into the proximal, contact and distal parts 
during the CFD analysis. All three parts were equally 
divided in all patients and their comparison was made 
preoperatively and postoperatively.

Statistical analysis 
The Wilcoxon test was used to test differences in 

continuous variables between the two measurements. 
To examine the relationship between BNI and WSS 
values, we used Spearman’s coefficient of correlation. 
The significance level was set at 0.05.

Results
Our study cohort included 11 patients with tri-

geminal neuralgia treated in our department. The pop-
ulation included 6 female and 5 male patients, median 
age 71 (range 41-77) years. In 6 patients, the neuro-
vascular conflict was on the right side and in 5 patients 
on the left side. Superior cerebellar artery was the most 
common offending vessel (10 patients), while in one 
patient neurovascular conflict was between trigeminal 
nerve and anterior inferior cerebellar artery. Patient 
demographics and characteristics are summarized in 
Table 1.

The preoperative BNI pain score was IV in 7 pa-
tients and V in the remaining 4 patients. The median 
of BNI pain score was IV (IV-V) preoperatively. Post-
operatively, there was an improvement in the BNI pain 
score in all patients, as shown in Figure 1.

Comparing the values of WSS on the three mea-
sured parts of the blood vessel using CFD, we noticed 
that the area of neurovascular contact had the high-
est WSS [mean 2.8 Pa (IQR 2.4-4.43 Pa)]. In addi-
tion, we observed a decrease in WSS in the area of 
neurovascular contact postoperatively (p=0.003) (Fig. 
2). There was no correlation between BNI score and 
WSS, preoperatively or postoperatively.

Table 1. Baseline patient characteristics

Gender
Female 6/11
Male 5/11

Age [years, median (minimum-maximum)] 71 (44-98)
Vessel

Superior cerebellar artery 10/11
Anterior inferior cerebellar artery 1/11

Side
Left 5/11
Right 6/11

Branch
V1 3/11
V2 4/11
V3 3/11
Combined 1/11
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Fig. 1. Distribution of preoperative and postoperative Barrow Neurological Institute (p) pain scores.

Fig. 2. Differences in the values of wall shear stress (WSS) preoperatively and postoperatively.

Fig. 3. (A) 3D fusion image showing the neurovascular conflict (arrowhead) between trigeminal nerve (CV) and su-
perior cerebellar artery (SCA); (B) visualization of wall shear stress (WSS) in the computational fluid dynamics anal-
ysis (CFD). Preoperative CFD analysis showed that the WSS magnitude was elevated in the area of the neurovascular 

contact; (C) CFD analysis postoperatively showed lower WSS magnitude values than preoperatively. 
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Discussion
The most common cause of trigeminal neuralgia is 

trigeminal nerve compression by vascular structures2. 
According to the European Academy of Neurology 
guidelines on trigeminal neuralgia, microvascular de-
compression is recommended as first-line surgery in 
patients where neurovascular contact with morpho-
logical changes has been demonstrated3. Although 
various neuroradiological tools have been proposed 
in recent years to visualize neurovascular contact, 3D 
magnetic resonance imaging provides the best spatial 
resolution and multimodal image fusion can be used in 
clinical practice4-6. 

Due to the compression of the nerve and vessels, 
the vessels can adhere to the nerve, which can cause 
morphological changes7. Hemodynamic forces may 
also contribute to the pathogenesis of classic trigem-
inal neuralgia8. Devor et al. report on the presence of 
focal axonopathy and demyelination at the site of tri-
geminal nerve entrapment in a patient with trigeminal 
neuralgia9.

With the development of neuroradiological tools, 
CFD has enabled simulation of blood flow in realistic 
models. Although in the last 20 years, it has mostly 
been used in research on the formation, growth and 
rupture of aneurysms, over the past few years, CFD has 
also been introduced in the investigations of neurovas-
cular syndromes1,10-12. Although several hemodynamic 
parameters were previously published, it is considered 
that WSS plays a key role in the interaction between 
the nerve and the wall of the small vessel8. 

Satoh et al. report that the magnitude of the WSS 
increases along the neurovascular contact7. Our study 
confirmed that the contact area had the highest WSS 
preoperatively compared to the proximal and distal 
parts of the vessel.

The effect of WSS on the blood vessel walls de-
pends on the magnitude, geometry and characteristics 
of the blood vessel13. These parameters can be differ-
ent in blood vessels affected by atherosclerotic plaques. 
Hemodynamic patterns in atherosclerotic blood ves-
sels have been well investigated15,16. 

A study in an animal model showed that athero-
sclerotic blood vessels had different atherosclerotic 
alterations17. Previous studies have reported that high 
WSS can cause remodeling of blood vessels. Satoh et 
al. also report that deformation of the luminal geome-
try might be responsible for increasing WSS7. All our 
patients had higher WSS values preoperatively, but 

there was no correlation with the severity of symptoms. 
To our knowledge, this is the first study compar-

ing preoperative and postoperative hemodynamics in 
trigeminal neuralgia. In our study, there was a recov-
ery of WSS postoperatively. All our patients postop-
eratively had lower WSS values in addition to better 
clinical status and lower BNI values. Compared with 
the proximal and distal parts of the blood vessel, we 
found a slightly higher pressure postoperatively at the 
site where there was neurovascular contact (Fig. 3). 
However, postoperative WSS was lower compared to 
preoperative results. Future studies should investigate 
pressure values in the offending vessel postoperatively 
and during follow-up.
Limitations
Our study had some limitations. First, we performed 
a retrospective study which may not have completely 
reflected the natural disease course. The small sample 
size in our study may also have affected the reliability of 
the results. In addition, we used the Hemoscope-v1.5 
(Tokyo) software, which was primarily made to assess 
the perianeurysmal environment. During surgery, the 
blood vessel was mobilized due to decompression, 
which also may have affected the hemodynamic 
conditions inside the blood vessel.  

Conclusion
Although there were high WSS preoperatively, we 
noticed that a lower WSS was observed postoperatively, 
in addition to a postoperatively better BNI pain score, 
especially in the area of neurovascular decompression. 
CFD could serve as an additional diagnostic tool 
in preoperative planning, as well as for evaluating 
treatment outcome. The utility of CFD in the cases of 
trigeminal neuralgia recurrence should be investigated.

References 
1. Feletti A, Wang X, Talari S, Mewada T, Mamadaliev D, Tana-

ka R, et al. Computational fluid dynamics analysis and corre-
lation with intraoperative aneurysm features. Acta Neurochir 
Suppl. 2018;129:3-9. doi: 10.1007/978-3-319-73739-3_1.

2. Bašić Kes V, Zadro Matovina L. Accommodation to diagnosis 
of trigeminal neuralgia. Acta Clin Croat. 2017 Mar;56(1):157-
61. doi: 10.20471/acc.2017.56.01.21.

3. Bendtsen L, Zakrzewska JM, Abbott J, Braschinsky M, Di 
Stefano G, Donnet A, et al. European Academy of Neurol-
ogy guideline on trigeminal neuralgia. Eur J Neurol. 2019 
Jun;26(6):831-49. doi: 10.1111/ene.13950. 

4. Prieto R, Pascual JM, Yus M, Jorquera M. Trigeminal neu-
ralgia: assessment of neurovascular decompression by 3D 

Acta Clin Croat, Vol. 62, No. 4, 2023 675



fast imaging employing steady-state acquisition and 3D time 
of flight multiple overlapping thin slab acquisition mag-
netic resonance imaging. Surg Neurol Int. 2012;3:50. doi: 
10.4103/2152-7806.96073.

5. Yamakami I, Kobayashi E, Hirai S, Yamaura A. Preoperative 
assessment of trigeminal neuralgia and hemifacial spasm us-
ing constructive interference in steady state-three-dimension-
al Fourier transformation magnetic resonance imaging. Neu-
rol Med Chir (Tokyo). 2000 Nov;40(11):545-55; discussion 
555-6. doi: 10.2176/nmc.40.545. 

6. Kumon Y, Sakaki S, Kohno K, Ohta S, Ohue S, Miki H. 
Three-dimensional imaging for presentation of the causa-
tive vessels in patients with hemifacial spasm and trigeminal 
neuralgia. Surg Neurol. 1997 Feb;47(2):178-84. doi: 10.1016/
s0090-3019(96)00364-3.

7. Satoh T, Yagi T, Onoda K, Kameda M, Sasaki T, Ichika-
wa T, et al. Hemodynamic features of offending vessels at 
neurovascular contact in patients with trigeminal neural-
gia and hemifacial spasm. J Neurosurg. 2018 Jul 1:1-7. doi: 
10.3171/2018.1.JNS172544. 

8. Yamada K, Tanaka Y, Sumita K, Nemoto S, Maehara T. Com-
putational fluid dynamics analysis of the offending artery at 
sites of neurovascular compression in trigeminal neuralgia us-
ing preoperative MRI data. Neurol Med Chir (Tokyo). 2019 
Nov 15;59(11):415-22. doi: 10.2176/nmc.oa.2019-0101. 

9. Devor M, Govrin-Lippmann R, Rappaport ZH. Mechanism 
of trigeminal neuralgia: an ultrastructural analysis of trigem-
inal root specimens obtained during microvascular decom-
pression surgery. J Neurosurg. 2002 Mar;96(3):532-43. doi: 
10.3171/jns.2002.96.3.0532.

10. Chung B, Cebral JR. CFD for evaluation and treatment plan-
ning of aneurysms: review of proposed clinical uses and their 
challenges. Ann Biomed Eng. 2015 Jan;43(1):122-38. doi: 
10.1007/s10439-014-1093-6. 

11. Senko I, Shatokhin A, Bishnoi I, Yamada Y, Tanaka R, Suy-
ama D, et al. Intraoperative rupture cerebral aneurysm and 
computational flow dynamics. Asian J Neurosurg. 2018 Apr-
Jun;13(2):496-8. doi: 10.4103/ajns.AJNS_359_16.

12. Temkar P, Kato Y, Yamada Y, Ansari A.  Is there a role for 
computational fluid dynamics (CFD) in neurovascular com-
pression syndrome? Rom Neurosurg. 2018;32:290-6.

13. Chytilová E, Malík J. Smykové napĕtí v karotickém povodí a 
jeho role v rozvoji aterosklerózy [Wall shear stress in carotid 
artery and its role in the development of atherosclerosis]. Vni-
tr Lek. 2007 Apr;53(4):377-81. (in Czech)

14. Komatsu F, Kato Y, Hirose Y. How I do it: two-step transpo-
sition technique during endoscopic microvascular decompres-
sion for trigeminal neuralgia. Acta Neurochir (Wien). 2022 
Mar;164(3):823-6. doi: 10.1007/s00701-021-05080-y. 

15. Malek AM, Alper SL, Izumo S. Hemodynamic shear stress and 
its role in atherosclerosis. JAMA. 1999 Dec 1;282(21):2035-
42. doi: 10.1001/jama.282.21.2035.

16. Davies PF. Hemodynamic shear stress and the endothelium 
in cardiovascular pathophysiology. Nat Clin Pract Cardiovasc 
Med. 2009 Jan;6(1):16-26. doi: 10.1038/ncpcardio1397.

17. Tomita H, Hagaman J, Friedman MH, Maeda N. Relation-
ship between hemodynamics and atherosclerosis in aortic 
arches of apolipoprotein E-null mice on 129S6/SvEvTac 
and C57BL/6J genetic backgrounds. Atherosclerosis. 2012 
Jan;220(1):78-85. doi: 10.1016/j.atherosclerosis.2011.10.020.

D. Jankovic et al. Computational fluid dynamics 

Acta Clin Croat, Vol. 62, No. 4, 2023676

Sažetak

RAČUNALNA DINAMIKA FLUIDA KOD BOLESNIKA S NEURALGIJOM TRIGEMINUSA – 
PRELIMINARNO ISTRAŽIVANJE

D. Jankovic, K. Sasaki, K. Kralik, M. Nakipuria, K. Fuminari i Y. Kato

Iako su ranije studije pokazale veće vrijednosti stresa smicanja zida u neurovaskularnom kontaktu, hemodinamski obrasci 
u krvnim žilama nakon mikrovaskularne dekompresije nisu poznati. Cilj istraživanja bio je analizirati hemodinamske znača-
jke krvne žile koja je u kontaktu s trigeminalnim živcem prijeoperacijski i poslijeoperacijski primjenom računalne dinamike 
fluida. U opservacijskoj retrospektivnoj studiji analizirano je 11 bolesnika s trigeminalnom neuralgijom koji su kirurški liječe-
ni na našem odjelu tijekom 2022. godine. Kod svih bolesnika je prijeoperacijski i poslijeoperacijski učinjena CT angiografija 
intrakranijskih krvnih žila. Za analizu računalne dinamike fluida primijenjen je program Hemoscope. U svih 11 bolesnika 
utvrđene su povišene vrijednosti smičnog naprezanja zida krvne žile u području neurovaskularnog kontakta. Poslijeoperaci-
jski je s poboljšanjem kliničkog statusa bolesnika došlo i do smanjenja vrijednosti smičnog naprezanja zida krvne žile. U 
zaključku, analiza oštećenih krvnih žila u trigeminalnoj neuralgiji pomoću računalne dinamike fluida može biti koristan alat 
u prijeoperacijskom planiranju i procjeni ishoda liječenja i prognoze.

Ključne riječi: Računalna dinamika fluida; Smično naprezanje zida; Trigeminalna neuralgija


