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Introduction
Painful trigeminal neuropathy arising from dysfunction of CN V is a relatively uncommon 

but potentially debilitating presentation in the outpatient neurological practice. In the neurology 
practice, facial pain is typically caused by classic idiopathic trigeminal neuralgia or atypical painful 
trigeminal neuropathy. Classic trigeminal neuralgia (TN) is characterized by sudden, recurrent, 
brief stabbing pain, involving the distribution of one or more branches of the trigeminal nerve 
[1,2]. Patients report a lancinating shock like quality, often provoked by mild stimulus. Classic TN 
encompasses all cases without an established etiology, including idiopathic and those secondary to 
vascular compression of CN V; importantly, there is no clinical evidence of neurological deficit. 
Atypical painful trigeminal neuropathy implicates secondary structural causes, such as demyelinating 
plaques, trauma, infection, and skull base lesions, affecting the fifth cranial nerve. 

Besides space occupying lesions, insidious infiltration of CN V by different disease processes 
can cause facial pain and dysfunction. Inflammatory diseases, including neurosarcoid and collagen 
vascular disease, and neoplastic infiltration of cranial nerves can result in pain, sensory and motor 
dysfunction of CN V [3,4]. Perineural spread of tumor involves extension of the tumor along the 
nerves and is more difficult to detect due to the lack of an obvious mass lesion. Clearly, this results 
in a neurological diagnostic challenge with diagnostic delays potentially limiting effective treatment.

We report 2 patients who initially presented with a typical facial pain and CN V dysfunction and 
then subsequently developed other cranial neuropathies due to perineural metastasis of squamous 
cell carcinoma of head and neck. Neoplastic involvement of cranial nerves should be an important 
consideration in presentation of atypical facial pain.

Case Presentation
Case 1 

An 83 year old female with a remote history of basal and squamous cell facial cancer presents 
with a 2 year history of difficulty chewing followed by right upper lip paresthesia, radiating to the 
cheek and nose with occasional sharp “shock-like” pains from the cheek to lower eye. A few months 
later, she developed numbness to the roof of the mouth, upper gums and teeth, decreased taste 
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Abstract
Neoplastic perineural involvement of cranial nerves represents an uncommon but important feature 
of metastatic involvement of squamous cell carcinoma of the head and neck. Tumor cells invade all 
nerve compartments, possibly causing ischemia and subsequent degradation of the nerve. Invasion 
is guided by targeted proliferation in the context of secreted neurotropins and growth factors. 
Patients often present insidiously with symptoms of isolated cranial neuropathies and atypical facial 
pain. The most frequently affected nerve is cranial nerve V (CN V), followed by cranial nerve VII 
(CN VII), due to the widespread anatomic connections between the skin and subcranial structures. 
The following case reports highlight the different presentations and the associated diagnostic 
challenges of perineural involvement by squamous cell carcinoma of the head and neck. We will 
review the proposed biology underlying perineural tumor metastasis, the anatomical basis for 
cranial nerve involvement, and current treatment options. Prognosis is poor in cases of extensive 
disease highlighting the importance of early recognition and detection.
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in the right tongue, and tearing of the right eye. Exam was notable 
for decreased sensation to the right V2-3 distributions. Initial non-
contrast brain MRI reported nonspecific ischemic T2 changes in the 
subcortical white matter of the cerebral hemispheres. Labs, including 
TSH, B12, SPEP and HgA1c, were all normal. Lyme titers were 
positive, and she was treated with antibiotics.

2.5 months later, her symptoms progressed to constant 
paresthesia of the entire right face, right facial edema, buccal mucosa 
burning, and further difficulties with jaw opening. Exam was notable 
for right facial swelling, enlargement of the palpebral fissure on the 
right, and numbness in the right face. Repeat brain MRI with contrast 
revealed an enhancing right intracanicular nodule with enhancement 
of the preganglionic segments of the facial nerve and geniculate 
ganglion (Figure 1). There was also a fusiform process within the 
right cavernous sinus, extending into the foramina rotundum 
and ovale with involvement of the sphenopalatine foramen and 
masticator space. Cerebrospinal fluid (CSF) analysis was negative 
for leukocytosis, malignant cells, or inflammatory disease. CSF Lyme 
titers were inconclusive.

Over the next 6 weeks, the patient continued to develop worsening 
symptoms suggestive of additional cranial nerve involvement with 
refractory facial pain. Repeat contrast MRI revealed an enlarging 
soft tissue density with enhancement of the right cavernous sinus, 
right Meckel’s cave and right foramen ovale. The patient eventually 
underwent a tissue biopsy, which revealed invasive squamous cell 
carcinoma. Ultimately, the patient refused oncologic treatment and 
went home on hospice.

Case 2 
A 72 year old man presented with five months of diplopia, 

intermittent dysphagia, paresthesia and lancinating pain in the 
right V2 distribution. Exam was notable for inability to depress the 
right eye, decreased sensation in the right V1-V3 distribution, and 
decreased hearing. Initial non-contrast brain MRI revealed small 
vessel disease though retrospective review indicates that there may 
have been asymmetry in Meckel’s cave. Infectious and inflammatory 

laboratories (ESR, CRP, Lyme titers, RPR, ANA, RF, Sjogren’s 
antibodies, ACE) were negative. CSF was negative for leukocytes are, 
HSV PCR, gram stain and culture, oligoclonal bands, and malignant 
cells.

Over the next 2 years, the patient’s facial pain worsened, and he 
started to note intermittent swelling and facial spasm over the right 
cheek. Exam showed new right ptosis. A repeat MRI with contrast 
at this time revealed abnormal enhancement along the course of the 
right trigeminal nerve with enlargement of the gasserian ganglion 
and enhancement in the foramen ovale and rotundum (Figure 
2).CSF signal within Meckel’s cave was obliterated. Malignancy 
was suspected. The patient underwent a CT guided biopsy of the 
trigeminal nerve which confirmed the diagnosis of squamous cell 
carcinoma. The patient was treated with cetuximab and radiotherapy 
with improvement of his facial pain. 

Discussion
The two cases presented above reveal the diagnostic difficulties 

when facing progressive isolated painful trigeminal neuropathy with or 
without other cranial neuropathies. The 1st patient presented initially 
with symptoms (difficulties opening and closing jaw) attributable 
to the motor division of CN V3. After a few years, she developed 
neuralgic pain and facial numbness (implicating the sensory fibers 
of CN V), taste alteration (involvement of lingual nerve from CN V 
and chorda tympani from CN VII), and lacrimation (occurring via 
the parasympathetic nerves that travel with CN VII). Familiarity with 
neuroanatomy would localize symptoms predominantly to CN V 
and possibly CN VII. Despite progression over years, initial MRI was 
not revealing and positive Lyme titers were suggestive of peripheral 
cranial nerve involvement by the B. burgdorferi. The follow up MRI 
demonstrated enhancement that could be consistent with peripheral 
involvement of the cranial nerves by Lyme though the presence 
of the nodular mass is atypical for infection. Only with further 

Figure 1: A) MRI coronal T2 sequence showing the obliteration of Meckel’s 
cave (white arrow) by tumor. B)  MRI axial T2 sequence highlighting infiltration 
of foramen rotundum (white arrow) by tumor. C)  MRI coronal gadolinium 
sequence highlight enhancement of CN V (white arrow) as it exits the pons. 
D)  MRI axial gadolinium sequence depicting the small nodular mass (white 
arrow) arising from CN VII.

Figure 2: A) MRI axial T2 demonstrates obliteration of Meckel’s cave 
(white arrow) by tumor. B)  MRI axial T2 depicts the replacement normal 
pterygoid muscles by fat (white arrow) secondary to denervation of muscle 
by perineural involvement of CN V3. There has been atrophy of the masseter 
muscle (dashed arrow) when compared to the contralateral side. C)  MRI 
axial T2 sequence highlights the infiltration of foramen ovale (white arrow) by 
perineural involvement of CN V2. D)  MRI axial T2 sequence inferior to that 
shown in C shows the infiltration of foramen rotundum by tumor involvement 
(white arrow) of CN V3.
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progression of symptoms to involve other cranial nerves including 
the extraocular nerves, did MRI finally reveal findings consistent with 
perineural invasion along multiple nerves concerning for neoplastic 
involvement. Unfortunately, the nonspecific nature of symptoms, 
unrelated abnormal labs, and initial nonspecific MRI findings 
resulted in considerable delay to diagnosis. This delay limited effective 
treatment options due to the extensive involvement of the tumor 
by the time of diagnosis. Interestingly, squamous cell carcinoma 
was not initially entertained due to the remote history of her facial 
cancer and lack of any obvious skin findings. This highlights the long 
asymptomatic period between treatment of a cutaneous malignancy 
and metastatic presentation via perineural invasion. In the 2nd case, 
the patient did not have any prior history of malignancy involving the 
head and neck. Again, presenting symptoms were nonspecific, and he 
was treated initially as idiopathic classic TN. Over course of 2.5 years, 
symptoms progressed to involve other cranial nerves, and eventually 
neuroimaging revealed enhancement and expansion of CN V.

Perineural involvement of squamous cell carcinoma of the head 
and neck is an unusual metastatic pathway. It is thought to occur 
via invasion of the perineural space with spread of tumor cells in all 
nerve compartments [3,5,6]. While the exact biological mechanism 
for the spread is unknown, proposed theories have included axonal 
and myelin degeneration, segmental infarction of the neural bundle, 
as well as ischemic compromise causing hypoxia and subsequent 
degeneration of the nerve [5,7]. This may be the pathological 
mechanism underlying the refractory pain often associated with 
tumor involvement of CN V. Perineural invasion has been defined 
as the movement of cancer cells into the neural space, usually with 
smaller nerves, and diagnosed by histological evaluation as it is 
undetectable on imaging [8]. Perineural spread describes the gross 
extension of tumor along a nerve and is generally detectable via 
imaging studies [8-10].Metastatic invasion and spread are guided 
by a targeted proliferation process involving neurotrophins, growth 
factors, axonal guidance receptors, and specific interactions between 
cell adhesion molecules and the stroma [3,11,12]. Changes of p53 
regulation, such as gain of function mutations, have been proposed as 
a pathway leading to perineural invasion and spread [13].

CN V and CN VII are attractive targets for perineural invasion 
and spread due to their rich network of branches that covers a wide 
anatomic distribution along the skin and within subcranial structures. 
A study of 135 patients with perineural invasion of skin cancer found 
that in clinically symptomatic patients, the trigeminal nerve was most 
frequently involved, followed by the facial nerve [14]. In addition, 
there are anatomic connections (sphenopalatine ganglion, junction of 
chorda tympani and lingual nerve, and at the parotid gland along the 
auriculotemporal branch of the mandibular branch of CN V) between 
CN V and CN VII which may be why these two nerves are frequently 
involved together. These pathways may also serve as another conduit 
for the tumor cells to spread from one nerve to another.

While we focused on squamous cell carcinoma, other head and 
neck cancers can be associated with neoplastic perineural involvement 
including basal cell carcinoma of the skin, adenoid cystic carcinoma 
of the parotid gland, sarcoma, melanoma, and lymphoma [15]. The 
incidence of perineural involvement by tumor range from 14%-63.2% 
depending on the study cited [16]. Perineural metastasis is associated 
with decreased rate of disease free survival, decreased quality of life 
due to symptoms, and increase rate of local tumor recurrence [17-20]. 
Overall, it is reported as a poor prognostic factor for head and neck 

cancer, especially in advanced cases, highlighting the need for early 
detection and recognition.

Clinically, patients present with dysfunction of the involved 
nerves. Most common clinical symptoms include pain, paresthesia, 
numbness, and facial weakness. The pain can be quite disabling and 
persistent. It may present as classic neuropathic pain with paroxysmal 
burning, deep aching discomfort, allodynia, hyperesthesia, or itching 
[15]. Patients often complain of burning pain or formication affecting 
the distal branches which eventually extend to more proximal 
branches [21]. A careful history and exam should be able to discern 
between classic trigeminal neuralgia and secondary atypical facial 
pain. In the setting of progressive trigeminal neuropathy with or 
without other cranial neuropathy, we recommend a careful skin 
examination to evaluate for potential perineural involvement of 
tumor as cause of symptoms. Often the pain can be difficult to treat 
despite trials of numerous neuropathic agents. This may be related 
to the segmental nerve infarction and axonal injury associated with 
perineural invasion of tumor cells.

Typically, MRI focusing on the skull base with fat saturation may 
help discern the extent of nerve involvement. There may be obliteration 
of the fat planes around the nerve branches especially at the level of 
the foramina. Enhancement of the nerve and/ or enlargement of the 
nerve may also be seen. Attention should be focused at the level of 
Meckel’s cave, cavernous sinus, sphenopalatine fossa, and the bony 
foramina and fissures involved throughout the course of CN V and 
CN VII [15]. Denervation of muscles innervated by motor branches 
of cranial nerves may be marked by contrast enhancement, T2 hyper-
intensity (seen in the early stages of denervation), and eventually 
T1 hyper-intensity (indicating chronic changes from denervation) 
[10,22]. CT with contrast may highlight the widening or erosion of 
bony foramina through which CN V may exit. Sensitivity for these 
imaging modalities vary with one retrospective study of 39 cases 
reporting a sensitivity of 56% for CN V and 40% for CN VII when 
combining MRI and CT [23]. However, other studies have reported 
higher sensitivities with MRI approaching 95% [8,24].

Unfortunately, the difficulties in diagnosing perineural invasion 
and spread often lead to delay in diagnosis. Treatment of invasive 
cutaneous squamous cell carcinoma of the head and neck often involves 
surgery and/or radiation in the hopes of achieving local control [25]. 
While the data surrounding the use of multimodal treatment is scarce, 
a few studies have suggested there may be an added benefit of surgical 
resection in selected patients [26,27]. For instance, a retrospective 
study of 24 patients with advanced nonmelanoma cutaneous cancers 
with skull based involvement demonstrated improvement in local 
regional control with the inclusion of surgery [26]. Another study of 
25 patients with cutaneous squamous cell carcinoma of head and neck 
showed an increase in 5 year local control with surgery and radiation 
compared to radiation alone (38% versus 20%) [27]. Achieving wide 
margins through resection of the involved tumor along the cranial 
nerves clearly remains a challenge for many neurosurgeons. Adjuvant 
radiotherapy has been increasingly used to manage advanced 
cutaneous squamous cell carcinoma. Multiple retrospective studies 
have reported the beneficial impact of adjuvant radiotherapy on local 
control and survival in squamous cell carcinoma with perineural 
invasion [26,28]. It is thought that radiation may reduce tumor cell 
viability and disruption of the tumor microenvironment [29].

The role of chemotherapy and targeted therapy is less clear with 
supporting data limited to case reports. Cisplatin and cetuximab 
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(Erbitux®), a monoclonal antibody against epidermal growth factor 
receptor, have been used with radiotherapy for locally advanced 
head and neck cancer [30,31]. Whether these beneficial results 
translate to positive outcomes in tumors with perineural invasion 
remains less clear. Unfortunately, the deficits caused by the cranial 
neuropathies are often irreversible with only 7% of patients reporting 
some alleviation of symptoms with treatment [15]. Consideration 
of perineural invasion and growth as a cause of painful trigeminal 
neuropathy and other cranial neuropathy is not only important to 
affect survival, but also to affect the morbidity associated with cranial 
nerve deficits and dysfunction.

Conclusion
Neoplastic perineural involvement of cranial nerves often serves 

as a diagnostic dilemma for the clinician. The presentation of isolated 
painful trigeminal neuropathy can be misleading especially if the 
original cancer source remains occult or is overlooked and often 
leads to a delay in diagnosis. Findings on neuroimaging may be quite 
subtle, thus attention should be focused on obliteration of fat planes, 
enhancement and expansion of nerves rather than the typical findings 
of mass tumor bulk. Therapies often include surgery and radiation 
with the possibility of the addition of chemotherapy and/or target 
therapy. Traditionally, perineural involvement has been reported as 
a poor prognostic factor, especially for advanced disease though the 
increasing use of adjuvant radiation with the possible incorporation 
of systemic therapy may provide benefit to these patients.
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