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Introduction
Magnetic resonance imaging (MRI) is the imaging modality that 

provides the best image quality for soft tissues, with greater tissue 
discrimination ability compared to other methods and the advantage 
of not exposing the patient to ionizing radiation. MRI provides 
information about tumor size and extension, infiltration of major 
blood vessels and nerves, early bone-marrow infiltration, and lymph 
node involvement.1 

In most of the published literature, perineural spread of a tumor 
refers to the migration of tumor cells along nerve tissues.2,3 However, 
the term “perineural spread” is often misinterpreted and can give 
rise to confusion, since invasion of a peripheral or major nerve as an 
incidental radiological or histopathological finding can be interpreted 
as an indicator of poor prognosis. It is essential that clinicians 
understand the various forms in which this phenomenon manifests 
and how to best interpret it.4

Perineural invasion (PNI) occurs when neoplastic cells reach the 
perineural space of a peripheral nerve. This manifestation is usually 
represented by the incidental (microscopic) finding of nerve invasion 
on histopathological examination. If the neoplasm spreads along 
the perineural space to other areas away from the primary (original) 
tumor, this is known as perineural spread (PNS). Occasionally, at this 

stage of the disease, clinical manifestations such as paresthesia or 
palsies of the affected nerves may be observed; spread through the 
perineural space may be identified by imaging (preferably MRI) and 
will invariably be associated with a worse prognosis (BP1).4

Imaging modalities are essential in locating tumor spread, as 
these factors cannot be evaluated by the surgeon during clinical 
examination.5

Transnasal endoscopic approaches are an integral part of the 
therapeutic arsenal developed to address malignant sinonasal and 
skull-base neoplasms. In selected cases, this approach produces 
similar oncologic outcomes with lower morbidity than traditional 
open approaches.6

The present study sought to analyze the use of magnetic resonance 
imaging in the diagnosis of perineural tumor spread involving the 
skull base region. Given the dearth of publications on this topic, we 
describe the ability of this method to allow preoperative diagnosis 
of perineural spread and map the extent of disease in patients with 
squamous cell carcinoma. 

Methods
Two cases of patients who presented with evidence of perineural 

tumor spread to the skull base on MRI were selected. The subsequent 
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Abstract

Introduction: Magnetic resonance imaging (MRI) provides information about tumor size 
and extension, infiltration of major blood vessels and nerves, early bone-marrow infiltration, 
and lymph node involvement. Transnasal endoscopic approaches are an integral part of the 
therapeutic arsenal developed to address malignant sinonasal and skull-base neoplasms. 

Objective: To analyze the use of magnetic resonance imaging in the diagnosis of perineural 
tumor spread involving the skull base region. 

Methods: We describe two cases of patients who presented with primary squamous cell 
carcinoma in the malar region and suspected perineural spread to the skull base on MRI. 
One frozen cadaver head, were dissected to expose the trigeminal nerve and it branches. 

Results: MRI showed evidence of perineural spread to the skull base, which was confirmed 
histopathologically after endoscopic transnasal biopsy.

Conclusion: MRI plays an important role in the diagnosis of perineural spread of tumors 
originating in the nose and skull base. In the two cases reported herein, the diagnostic 
suspicion raised by MRI was confirmed by histopathological examination. Endoscopic 
transnasal skull base surgery proved to be an important tool for diagnostic confirmation, 
with low procedure-associated morbidity. The presence of perineural spread changes the 
staging and, consequently, the prognosis and treatment of these tumors. Thus, its active 
search should be encouraged to improve diagnosis and help ensure appropriate treatment.

Keywords: endoscopic surgery, magnetic resonance imaging, perineural tumor, bone-
marrow infiltration
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histopathological confirmation after biopsy was performed via the 
transnasal endoscopic approach. Both cases were evaluated by the 
same radiologists and surgeons.

Results
Case 1

A 63-year-old male presented with paresthesia in the maxillary 
region and convergent strabismus with a progressive course (1 year). 
He reported a history of resection of squamous cell carcinoma (SCC) 
in the malar region with right infraorbital spread 6 years before. 

The imaging workup included MRI of the paranasal sinuses 
and brain, which showed a lesion in the right cavernous sinus with 
enhancement in the path of the right maxillary (V2), vidian, and 
mandibular (V3) nerves, consistent with perineural tumor spread 
(Figure 1) (Figure 2).

Figure 1 Magnetic resonance imaging, T1-weighted sequence with fat 
suppression. Coronal slices showing anomalous contrast enhancement in the 
foramen rotundum (red arrow) and pterygoid canal (blue arrow).

Figure 2 Magnetic resonance imaging, T1-weighted sequence with fat 
suppression. Axial slices showing anomalous contrast enhancement in the 
right foramen rotundum (red arrow), normal on the left (green).

Transnasal endoscopic surgery was performed to attempt biopsy 
of the cranial nerves with suspected involvement. Complete resection 
of the lesion was ruled out due to involvement of the cavernous sinus 
and because there was no histopathological diagnostic confirmation. 
Initially, a maxillary antrostomy was performed, followed by a post-
lacrimal maxillectomy for expanded access to the floor and medial 
wall of the nasal cavity. The posterior wall of the maxillary sinus 
was then removed to expose the pterygopalatine fossa. An incisional 

biopsy was performed in the neurovascular structures covering the 
palatine bone, with the infraorbital nerve as the lateral limit. Then, 
the sphenoid sinus was opened and dissected down to the floor, 
exposing the vidian nerve (Figures 3A and 3B). On the lateral wall, 
the foramen rotundum was opened to expose CN V2 (Figures 3C and 
3D). All specimens were sent for frozen sections, which revealed 
carcinomatous infiltration of nerve fibers, conclusively demonstrating 
perineural tumor spread. Postoperative treatment consisted of 
radiation therapy alone.

Figure 3 Transnasal exposure (zero-degree endoscope) of pterygopalatine 
fossa and sphenoid sinus on the right. A: Identification of the foramen 
rotundum and pterygoid foramen after partial resection of the structures of 
the pterygopalatine fossa; B: vidian nerve resection; C and D: opening of the 
foramen rotundum and exposure and undermining of the maxillary nerve up 
to the cavernous sinus.

Case 2

An 85-year-old male presented with a 6-month history of right 
hemifacial pain radiating to the ipsilateral ear, concomitantly with the 
onset of a skin lesion in the right malar region. He reported biopsy 
of a lesion in the same region 3 years ago, with local recurrence 
after 1 year, both resected with clear margins and a histopathological 
diagnosis of squamous cell carcinoma. MRI of the paranasal sinuses 
and brain showed a lesion consistent with tumor infiltration involving 
the infratemporal segment of the third branch of the right trigeminal 
nerve, extending to the foramen ovale and ipsilateral trigeminal cave, 
which was compressed (Figure 4) (Figure 5).

Figure 4 Magnetic resonance imaging, T1-weighted sequence with fat 
suppression. Coronal slices showing thickening and contrast enhancement in 
the right mandibular nerve (CN V3) at the level of the foramen ovale (blue 
arrow) and as it courses infratemporally within the masticator space (red 
arrow). The green arrow points to the normal contralateral foramen ovale for 
comparison purposes.
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Figure 5 Magnetic resonance imaging, T1-weighted sequence with fat 
suppression. Axial slices showing anomalous contrast enhancement in the 
right foramen ovale (red arrow) when compared to the contralateral foramen 
(green arrow), consistent with involvement of the mandibular nerve (CN V3).

He underwent combined surgery for resection of the skin lesion, 
with clear margins on frozen section, and transnasal endoscopy for 
V3 nerve biopsy. At this stage, a post-lacrimal maxillectomy was 
performed with resection of the body of the right inferior turbinate 
down to the floor of the nasal cavity, thus providing better exposure 
of the posterior wall of the right maxillary sinus. A window was 
made into the posterior wall of the maxillary sinus, removing part of 
the underlying bone and periosteum to expose the structures of the 
pterygopalatine fossa. With the aid of the bipolar electrocautery and 
microdissection instruments, the relevant neurovascular structures 
(such as the pterygopalatine ganglion, foramen rotundum, internal 
maxillary artery and its branches) were isolated. This was followed 
by cauterization of the internal maxillary artery for hemostasis and 
better visualization of the operative field. The greater wing of the 
sphenoid was identified and dissected in the subperiosteal plane until 
the foramen ovale and CN V3 were visible (Figure 6). Finally, with 
the aid of grasping forceps, a biopsy of CN V3 was performed. Frozen 
sections identified carcinoma infiltrating nervous tissue. The final 
histopathological diagnosis was poorly differentiated squamous cell 
carcinoma. 

Figure 6 Transnasal exposure (zero-degree endoscope) of the foramen ovale 
after dissection of the greater wing of the sphenoid on the right.

In this case, due to the very extensive perineural spread and 
recurrent disease, radiation therapy was not indicated; instead, 
intravenous immunotherapy (cemiplimab) was initiated, as the 
currently recommended first-line treatment for unresectable cutaneous 
squamous cell carcinoma.7

In both cases, a comprehensive imaging workup including chest 
CT and FDG-PET showed no other sites of recurrence, with perineural 
spread being the only evidence of disease.

Discussion
Magnetic resonance imaging is the leading method in the evaluation 

of perineural spread of skull base tumors. As it does not expose 
the patient to ionizing radiation, it is a safe and important imaging 
modality both for disease detection and for later follow-up.8 Both cases 
reported herein had perineural spread of primary skin neoplasms, first 
demonstrated on MRI, with subsequent histological confirmation by 
nerve biopsy performed through transnasal endoscopic surgery. The 
final histopathological diagnosis was squamous cell carcinoma. Due 
to advances in surgical techniques, and the evolution of endoscopic 
endonasal surgery in particular, tumors that extend through the base 
of the skull which were previously considered incurable can now be 
approached surgically.6

Perineural tumor spread has a negative impact on prognosis, 
requiring more extensive surgical resection in some cases.9 It is 
an important parameter that should be evaluated in the staging of 
patients with head and neck cancer, but it is still largely neglected 
in radiological evaluation. More in-depth training in techniques for 
evaluation of perineural spread is paramount in order to increase the 
detection of this phenomenon.3

According to the American Joint Committee on Cancer (AJCC) 
tumor classification and staging manual, all nonmelanoma skin 
cancers with perineural spread (PNS) are staged as T4, regardless 
of the primary location of the tumor or its extension along the 
nerve structure. Likewise, despite T4 staging of the primary tumor, 
perineural invasion of the skull base is defined as involvement of 
any nerve structures in proximity to the skull base. Therefore, nerve 
involvement in so-called zones 2 and 3 (zone 1 is not included) 
implies involvement of skull-base structures, with all the therapeutic 
and prognostic implications this carries (Table 1).10 

Table 1 Suggested staging of primary cutaneous malignancy and perineural 
invasion (adapted from AJCC 7th Edition). For nodal and metastasis staging, 
see AJCC criteria. (AJCC)

Tx • Primary tumor cannot be assessed
T0 • No evidence of primary tumor
Tis • Carcinoma in situ

TI • Tumor 2 cm or less in greatest dimension with less than two 
high-risk features

o >2 mm thick, Clark level≥IV, perineural invasion, primary site car or non-
hair bearing lip., poorly differentiated or undifferentiated.

T2 • Tumor >2 cm in greatest dimension OR
• Tumor any size and two or more high-risk features

T3 • Tumor with invasion of maxilla, mandible, orbit or temporal 
bone

T4 • Tumor with invasion of skeleton (axial or appendicular)
PNI • Clinical PNI Imaging zone I
o VI (ophthalmic nerve) to the superior orbital fissure; V2 (infraorbital 
nerve) to the external aperture of the foramen rotundum; V3 (mandibular 
nerve) to the external aperture of the foramen ovale; VII (facial nerve) to 
the extemal aperture of the stylomastoid foramen.
PN2 • Clinical PNI Imaging zone 2

o Zone 2: VI, V2, V3: from Zone l to the Gasserian ganglion cistern; VII: from 
Zone 1 up to the lateral end of the internal auditory canal, including the 
geniculate ganglion and the labyrinthine segment.

PN3 • Clinical PNI Imaging zone 3
o Zone 3: All nerves: proximal to the ganglion, into the cisterns, or into the 
brain stem.
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In a systematic review by Pritesh et al., patients with cutaneous 
squamous cell carcinoma and PNI, whether identified radiologically 
or with clinical symptoms, were at increased risk of local recurrence 
and disease-specific death compared with patients with cutaneous 
squamous cell carcinoma who were diagnosed incidentally with PNI, 
with a 30% risk of death. Patients with perineural spread may benefit 
from increased long-term surveillance, but there is no recommended 
follow-up protocol. The authors concluded that further studies are 
needed to establish standardized guidelines for dermatological follow-
up and surveillance in this high-risk patient population.11

The main findings that suggest perineural spread are thickening and 
contrast enhancement of the nerves, as well as of the foramina or canals 
through which the affected nerves pass, with consequent obliteration 
of fat planes. Secondary findings such as muscle atrophy due to 
denervation are also red flags.3 Focal or linear contrast uptake along 
CN V2, the foramen ovale, or trigeminal cave should raise suspicion 
of perineural spread. The cranial nerves most commonly affected by 
perineural spread are the trigeminal and facial nerves. The Meckel”s 
cave in the left side was dissected to expose anatomically the most 
common site of perineural spread (Figure 7). The risk of perineural 
spread increases with tumor location, male gender, tumor growth, 
recurrence after treatment, and poor histological differentiation.12–14 

Clinically, it is a challenging diagnosis, because approximately 40% 
of patients with perineural spread are asymptomatic. When present, 
the most common signs and symptoms are pain, paresthesia, and 
motor weakness.3

Figure 7 Transnasal dissection (zero-degree endoscope) of the Meckle’s cave 
in the left side. Trigeminal nerve, route of the perineural spread in the skull 
base.

Lee et al. conducted a study of 38 patients who presented with 
histopathological evidence of perineural spread from head and neck 
cancer. Of these, only 13.1% had evidence of PNS mentioned in the 
radiological report. A retrospective assessment of the same cases 
revealed signs of PNS in 78.9%.3

Nemzek et al carried out a study with 19 patients which aimed 
to determine the accuracy of MRI to detect the spread of head and 
neck tumors. In this study, MRI correctly identified the presence of 
perineural spread in all but one case, for a sensitivity of 95%.15

Hanna et al evaluated the sensitivity and specificity of CT and 
MRI in detecting perineural spread of head and neck adenoid cystic 
carcinoma to the skull base in 26 patients. The sensitivity and 
specificity of CT in determining perineural spread in this study were 
88% and 89%, respectively. MRI had a sensitivity and specificity of 
100% and 85%, respectively.16

Parker et al, in a study of 52 patients, found that perineural 
spread was most commonly observed in head and neck squamous 
cell carcinoma, followed by adenoid cystic carcinoma, non-
Hodgkin lymphoma, malignant schwannoma, minor salivary gland 
malignancies, and sarcomas. In their study, both high-resolution CT 
and MRI clearly showed perineural spread to the skull base, with MRI 
more effective in showing perineural tumor infiltration in the skull 
base and brainstem.8

Primary nasopharyngeal tumors may infiltrate the maxillary nerve 
and pterygopalatine fossa through the palatine nerves. Cutaneous 
carcinomas and desmoplastic melanomas can arise on the malar 
surface, adjacent to the nose or upper lip, which explains the increased 
risk of tumor cells spreading through the maxillary nerve.9,17 Both 
cases reported herein had squamous cell carcinoma in the malar 
region, highlighting the importance of the location of the primary 
lesion in raising suspicion of perineural spread. 

Conclusion
MRI plays an important role in the diagnosis of perineural spread 

of tumors originating in the nose and skull base. In the two cases 
reported herein, the diagnostic suspicion raised by MRI was confirmed 
by histopathological examination. Endoscopic transnasal skull base 
surgery proved to be an important tool for diagnostic confirmation, 
with low procedure-associated morbidity. 

There is a dearth of literature on this topic, especially related to 
the histological subtype of squamous cell carcinoma. The presence 
of perineural spread changes the staging and, consequently, the 
prognosis and treatment of these tumors. Thus, its active search should 
be encouraged to improve diagnosis and help ensure appropriate 
treatment.
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