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Trigeminal Neuralgia is characterized by recurrent, paroxysmal shock-like facial pain, most commonly attributed to 
neurovascular compression at the trigeminal nerve root entry zone. Chronic pulsatile compression, typically by the 
Superior Cerebellar Artery, leads to focal demyelination, ephaptic transmission, and neuronal hyperexcitability.High-
resolution MRI techniques, including 3D-CISS and FIESTA, have improved detection of neurovascular conflict; however, 
clinicoradiological correlation remains essential due to the presence of asymptomatic vascular contact. Management is 
guided by this pathophysiology, with Carbamazepine as first-line therapy and Microvascular Decompression providing 
definitive treatment in selected patients. This review summarizes the anatomical basis, pathophysiological mechanisms, 
imaging features, and therapeutic implications of neurovascular compression in trigeminal neuralgia.
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INTRODUCTION:
Trigeminal Neuralgia (TN) is a debilitating craniofacial pain 
syndrome characterized by recurrent, unilateral, brief 
episodes of severe, electric shock-like pain distributed along 
one or more divisions of the trigeminal nerve. The condition 
has an estimated annual incidence of 4-13 per 100,000 
individuals and predominantly affects individuals over the 
age of 50 years, with a slight female preponderance [1,2]. 
Clinically, TN is broadly classified into classical, secondary, 
and idiopathic forms. Among these, classical trigeminal 
neuralgia is most strongly associated with neurovascular 
compression (NVC) at the level of the trigeminal nerve root 
entry zone (REZ), a transitional region between central and 
peripheral myelin. This anatomical vulnerability renders the 
nerve particularly susceptible to focal demyelination when 
subjected to chronic pulsatile vascular contact [3,4]. The 
neurovascular compression hypothesis, first popularized by 
Peter J. Jannetta, remains the most widely accepted 
pathophysiological mechanism underlying classical TN. 
According to this model, compression of the trigeminal nerve 
by adjacent vascular structures, most commonly the Superior 
Cerebellar Artery, leads to focal demyelination, resulting in 
aberrant electrical transmission, ephaptic cross-talk, and 
hyperexcitability of trigeminal afferents [3,5].

Advances in high-resolution magnetic resonance imaging 
(MRI), particularly three-dimensional constructive 
interference in steady state (3D-CISS) and fast imaging 
employing steady-state acquisition (FIESTA) sequences, have 
significantly improved the visualization of neurovascular 
relationships in the cerebellopontine angle. These 
developments have not only strengthened the anatomical 
basis of the NVC theory but also enhanced preoperative 
planning for surgical interventions such as microvascular 
decompression [6,7]. Despite the strong association between 
NVC and TN, several unresolved questions persist. Notably, 
neurovascular contact can also be observed in asymptomatic 
individuals, raising important considerations regarding the 
clinical signif icance, severity, and morphological 
characteristics of compression required to produce 
symptoms. Furthermore, the role of venous compression, the 
contribution of central sensitization, and the variability in 
treatment response continue to be areas of ongoing 
investigation [8]. In this narrative review, we aim to provide a 
comprehensive and clinically integrated overview of 
neurovascular compression in trigeminal neuralgia, 
encompassing its anatomical basis, pathophysiological 

mechanisms, imaging correlates, and therapeutic 
implications. Particular emphasis is placed on bridging the 
gap between structural findings and clinical decision-
making, with the goal of enhancing diagnostic accuracy and 
optimizing patient-specific management strategies.

SURGICAL NEUROANATOMY OF THE TRIGEMINAL 
NERVE AND NEUROVASCULAR RELATIONSHIPS: 
The trigeminal nerve (cranial nerve V) emerges from the 
lateral aspect of the pons and traverses the cerebellopontine 
angle (CPA) cistern before entering Meckel's cave, where it 
divides into its three major branches. Of particular clinical 
relevance in Trigeminal Neuralgia is the proximal segment of 
the nerve, especially the root entry zone (REZ), which 
represents a transitional interface between central myelin, 
produced by oligodendrocytes, and peripheral myelin, 
produced by Schwann cells. This transition zone typically 
extends for a few millimeters from the pial surface and is 
structurally vulnerable to mechanical and pulsatile stress, 
making it the most common site implicated in neurovascular 
compression [9,10]. Within the CPA, the trigeminal nerve 
maintains close anatomical relationships with several 
vascular structures. The Superior Cerebellar Artery is most 
frequently identified as the offending vessel in cases of 
classical trigeminal neuralgia, typically looping superiorly or 
superomedially to the nerve and exerting compressive forces 
at or near the REZ. Less commonly, compression may arise 
from the anterior inferior cerebellar artery (AICA), basilar 
artery, or venous structures such as the petrosal vein complex. 
The anatomical configuration of these vessels, including their 
tortuosity, elongation, and proximity to the nerve, plays a 
critical role in determining the likelihood and severity of 
compression [4,10].

From a surgical perspective, the distinction between mere 
neurovascular contact and true compression is crucial. 
Compression is generally characterized by distortion, 
indentation, or displacement of the trigeminal nerve, whereas 
simple contact may be observed in asymptomatic 
individuals. The direction of vascular contact also holds 
significance; superior and superomedial compressions are 
more commonly symptomatic due to their proximity to the 
REZ. Additionally, age-related vascular changes such as 
arterial elongation and atherosclerotic rigidity may increase 
the propensity for sustained pulsatile compression [4]. 
Understanding this microsurgical anatomy is fundamental for 
procedures such as Microvascular Decompression, where 
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precise identification of the offending vessel and its 
relationship to the nerve determines surgical success. The 
goal of such intervention is not merely to separate the vessel 
from the nerve, but to achieve durable decompression while 
preserving neural integrity, thereby directly addressing the 
anatomical substrate of pain generation [11].

PATHOPHYSIOLOGICAL MECHANISMS OF
 NEUROVASCULAR COMPRESSION: 
The pathophysiology of pain generation in Trigeminal 
Neuralgia is best explained by the neurovascular 
compression induced focal demyelination model, which 
integrates structural injury with functional neuronal 
hyperexcitability. Chronic pulsatile compression at the root 
entry zone (REZ), most commonly by the Superior Cerebellar 
Artery, leads to localized disruption of the myelin sheath. This 
segment is inherently susceptible due to the transition from 
oligodendrocyte-derived central myelin to Schwann cell 
derived peripheral myelin, resulting in reduced mechanical 
resilience and increased vulnerability to injury [3,5]. Focal 
demyelination at the REZ facilitates abnormal electrical 
interactions between adjacent nerve fibers, a phenomenon 
termed ephaptic transmission. In this state, action potentials 
can aberrantly “jump” between neighboring axons without 
synaptic mediation, allowing non-nociceptive fibers, such as 
those transmitting light touch, to activate nociceptive 
pathways. This mechanism explains the characteristic 
triggerability of pain in trigeminal neuralgia, where 
innocuous stimuli such as talking, chewing, or facial touch 
precipitate paroxysmal pain episodes. In addition to ephaptic 
cross-talk, demyelinated segments exhibit increased 
expression and redistribution of voltage-gated sodium 
channels, leading to ectopic impulse generation and 
heightened neuronal excitability. These hyperexcitable foci 
can generate spontaneous discharges or amplify incoming 
signals, contributing to the sudden, shock-like nature of pain. 
The paroxysmal pattern is likely due to synchronized 
discharges from clusters of hyperexcitable fibers, followed 
by refractory periods that transiently limit further firing [3].

Figure 1: Pathophysiology of Trigeminal Neutralgia.

With disease progression, central mechanisms also become 
relevant. Persistent peripheral input may induce sensitization 
within the trigeminal nucleus in the brainstem, lowering 
activation thresholds and facilitating sustained pain 
perception. However, unlike other neuropathic pain 
syndromes, trigeminal neuralgia remains predominantly 
characterized by episodic rather than continuous pain, 
reflecting the primary role of peripheral ephaptic 
mechanisms rather than widespread central sensitization [2]. 
Importantly, this pathophysiological framework also explains 
the therapeutic efficacy of membrane-stabilizing agents such 
as Carbamazepine, which reduce neuronal hyperexcitability 
by inhibiting voltage-gated sodium channels. Furthermore, it 
provides the mechanistic basis for surgical interventions such 
as Microvascular Decompression, which directly eliminate 
the inciting compressive force, thereby allowing potential 
remyelination and restoration of normal impulse conduction 
[3]. Despite its broad acceptance, the neurovascular 
compression model does not fully account for all clinical 
observations, particularly the presence of asymptomatic 
neurovascular contact and variability in symptom severity. 
These discrepancies suggest that additional factors, 
including individual susceptibility, microstructural nerve 
changes, and central processing differences, likely modulate 
the clinical expression of the disease.

IMAGING EVALUATION OF NEUROVASCULAR 
COMPRESSION:
High-resolution magnetic resonance imaging (MRI) has 
become indispensable in the evaluation of Trigeminal 
Neuralgia, particularly for identifying neurovascular 
compression and excluding secondary causes. The primary 
objective of imaging is twofold: to demonstrate the 
anatomical relationship between the trigeminal nerve and 
adjacent vascular structures, and to assess morphological 
changes within the nerve that may correlate with 
symptomatology [6,7]. Advanced MRI sequences such as 
three-dimensional constructive interference in steady state 
(3D-CISS) and fast imaging employing steady-state 
acquisition (FIESTA) provide excellent spatial resolution and 
contrast between cerebrospinal fluid, cranial nerves, and 
vascular structures within the cerebellopontine angle. These 
heavily T2-weighted sequences allow precise visualization of 
the trigeminal nerve along its cisternal course, particularly at 
the root entry zone, where neurovascular conflict is most 
clinically relevant. When combined with MR angiography, 
these techniques enhance the identification of the offending 
vessel, most commonly the Superior Cerebellar Artery 
(Figure 2)  [6,10].

Figure 2: Compression of the right trigeminal nerve by 
the right superior cerebellar artery.

Radiologically, neurovascular relationships are categorized 
based on the degree of interaction between the vessel and 
nerve. Simple contact refers to close apposition without 
distortion, whereas true compression is characterized by 
displacement, indentation, or thinning of the nerve. 
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Additional findings such as nerve atrophy or signal alteration 
may indicate chronicity and have been associated with more 
severe or long-standing disease. Importantly, the location and 
direction of compression, particularly superior or 
superomedial contact at the REZ are more strongly correlated 
with symptomatic trigeminal neuralgia [6,7]. However, a 
critical limitation in imaging interpretation lies in the 
relatively high prevalence of neurovascular contact in 
asymptomatic individuals. This underscores the necessity of 
correlating imaging findings with clinical presentation rather 
than relying solely on radiological evidence. The mere 
presence of vascular contact does not establish causation; 
rather, features such as nerve deformation, vascular loop 
configuration, and concordance with the side and distribution 
of pain increase diagnostic confidence [8]. From a 
management standpoint, imaging plays a pivotal role in 
patient selection for surgical intervention. Demonstration of 
clear arterial compression with corresponding clinical 
features strongly favors procedures such as Microvascular 
Decompression, which directly target the underlying 
pathology. Conversely, the absence of signif icant 
compression or the presence of alternative etiologies may 
guide clinicians toward medical therapy or ablative 
procedures. Emerging imaging approaches, including 
diffusion tensor imaging (DTI) and tractography, have shown 
promise in detecting microstructural changes within the 
trigeminal nerve, potentially improving diagnostic accuracy 
and prognostic stratification. Nevertheless, their routine 
clinical application remains limited, and further studies are 
required to validate their role in the standard evaluation of 
trigeminal neuralgia [7,8].

CLASSIFICATION OF NEUROVASCULAR
 COMPRESSION AND CLINICAL CORRELATION:
Neurovascular compression in Trigeminal Neuralgia can be 
broadly classified based on the nature and severity of the 
interaction between the vessel and the trigeminal nerve, as 
well as the type of offending vascular structure. From a 
morphological standpoint, the relationship ranges from 
simple neurovascular contact, where the vessel is in close 
proximity without causing structural distortion, to true 
compression, characterized by indentation, displacement, or 
thinning of the nerve. More severe forms may demonstrate 
nerve atrophy, suggesting chronic and sustained insult. This 
distinction is clinically significant, as symptomatic patients 
are more likely to exhibit definitive compression rather than 
mere contact, particularly at the root entry zone [4]. Based on 
the type of offending vessel, neurovascular compression is 
categorized into arterial and venous forms. Arterial 
compression, most commonly by the Superior Cerebellar 
Artery, is strongly associated with classical trigeminal 
neuralgia and is more likely to produce significant pulsatile 
injury leading to focal demyelination. In contrast, venous 
compression remains more controversial; while it has been 
implicated in some cases, its pathogenic significance is less 
consistent, and outcomes following decompression are 
comparatively variable [4,5]. Clinically, the severity and 
nature of neurovascular compression correlate with the 
phenotype of trigeminal neuralgia. Classical trigeminal 
neuralgia is typically associated with arterial compression at 
the REZ and presents with paroxysmal, shock-like pain, 
distinct trigger zones, and absence of objective sensory 
deficits. In contrast, secondary trigeminal neuralgia arises 
from identifiable structural or pathological causes such as 
tumors or demyelinating disorders like Multiple Sclerosis, 
where pain may be less stereotyped and often accompanied 
by sensory abnormalities. In such cases, the underlying 
mechanism is not primarily neurovascular compression but 
intrinsic nerve pathology [12].

An important clinical consideration is the presence of 
neurovascular contact in asymptomatic individuals, which 
challenges the specificity of imaging findings. Therefore, the 
diagnosis of clinically relevant neurovascular compression 

requires concordance between radiological evidence and 
the patient's symptom profile, including side, distribution, 
and characteristic triggers of pain. Furthermore, the degree 
of nerve deformation has been shown to correlate with 
surgical outcomes, with patients demonstrating clear 
compression being more likely to benefit from procedures 
such as Microvascular Decompression [12,13].

Overall, the classification of neurovascular compression is not 
merely descriptive but has direct implications for diagnosis, 
prognostication, and therapeutic decision-making. A 
nuanced understanding of these relationships allows for more 
precise patient selection and individualized management 
strategies.

MANAGEMENT IMPLICATIONS OF NEUROVASCULAR 
COMPRESSION:
The management of Trigeminal Neuralgia is fundamentally 
guided by the underlying pathophysiological mechanism, 
with neurovascular compression playing a central role in 
determining both therapeutic strategy and expected 
outcomes. Treatment approaches can be broadly categorized 
into medical therapy and procedural interventions, with the 
choice largely dependent on symptom severity, patient 
comorbidities, and the presence or absence of demonstrable 
neurovascular conflict on imaging [3]. Pharmacological 
therapy remains the first-line treatment, particularly in newly 
diagnosed cases. The cornerstone of medical management is 
the use of voltage-gated sodium channel blockers, most 
notably Carbamazepine, which reduces neuronal 
hyperexcitability and suppresses ectopic impulse 
generation. Oxcarbazepine is often preferred in clinical 
practice due to a more favorable side effect profile, although 
both agents are highly effective in controlling paroxysmal 
pain. The therapeutic response to these agents also carries 
diagnostic value, as classical trigeminal neuralgia typically 
demonstrates a robust initial response. However, long-term 
use is frequently limited by adverse effects, tachyphylaxis, or 
inadequate pain control, necessitating consideration of 
interventional options [3,13].

In patients with imaging-confirmed arterial compression and 
m e d i c a l ly  re f ra c t o r y  s y m p t o m s , M i c rova s c u l a r 
Decompression (MVD) is regarded as the gold standard 
treatment. This procedure directly addresses the underlying 
etiology by relieving vascular contact at the root entry zone, 
typically through repositioning of the offending vessel and 
placement of a protective barrier such as a Teflon pad. MVD 
offers the highest rates of durable pain relief and the 
advantage of preserving nerve function, making it 
particularly suitable for younger, otherwise healthy patients. 
The success of MVD is closely linked to the presence of clear 
neurovascular compression, especially when caused by 
arterial loops such as the Superior Cerebellar Artery [11,14]. 
For patients who are poor surgical candidates or lack 
definitive neurovascular compression, ablative procedures 
provide effective alternatives. These include percutaneous 
techniques such as radiofrequency rhizotomy, glycerol 
rhizolysis, and balloon compression, all of which aim to 
disrupt pain transmission by selectively injuring trigeminal 
fibers. While these approaches offer rapid pain relief, they are 
associated with higher recurrence rates and a risk of sensory 
deficits, including facial numbness and dysesthesia. 
Stereotactic radiosurgery, such as Gamma Knife, represents a 
non-invasive option that delivers focused radiation to the 
trigeminal root, inducing delayed but sustained pain relief 
with a relatively favorable safety profile [13,14].

Impor tant ly, the presence and character ist ics  of 
neurovascular compression significantly influence treatment 
selection. Patients with clear arterial compression and 
classical clinical features derive the greatest benefit from 
decompressive surgery, whereas those with equivocal 
imaging findings or secondary causes may be better 

www.worldwidejournals.com 113



PARIPEX - INDIAN JOURNAL F RESEARCH | O May - 202Volume - 15 | Issue - 05 | 6 | PRINT ISSN No. 2250 - 1991 | DOI : 10.36106/paripex

managed with medical therapy or ablative interventions. 
Thus, management of trigeminal neuralgia is inherently 
individualized, requiring integration of clinical presentation, 
imaging findings, and patient-specific factors.

Emerging strategies aim to refine patient selection and 
improve outcomes through advanced imaging, intraoperative 
monitoring, and a better understanding of disease 
heterogeneity. Nevertheless, the central principle remains 
that effective treatment hinges on accurately identifying and 
appropriately addressing the role of neurovascular 
compression in each patient.

CONCLUSION:
Trigeminal Neuralgia is most commonly driven by 
neurovascular compression at the root entry zone, leading to 
focal demyelination and neuronal hyperexcitability. Arterial 
compression, particularly by the Superior Cerebellar Artery, 
remains the principal mechanism in classical disease. While 
imaging has improved detection of neurovascular conflict, 
clinicoradiological correlation is essential given the 
presence of asymptomatic contact. Management is guided by 
this pathophysiology, with medical therapy as first-line and 
Microvascular Decompression offering definitive treatment 
in selected patients.
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