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Section 1
A 62-year-old hypertensive man presented with 1.5-month history of bilateral facial nerve palsy
evolving over 5 days, followed by double vision and restriction of eye movements for 1 month.
He had progressive deterioration of vision of 20 days duration. His vital measures, except blood
pressure (174/104 mm Hg), were normal. The patient was conscious, oriented, and obeyed
commands and instructions. His vision was limited to appreciation of hand movements.
Ophthalmoscopy revealed bilateral disk swelling with grade II hypertensive retinopathy. Pupils
were dilated with a sluggish reaction to light. Cranial nerve examination further revealed
bilateral third, fourth, sixth, and seventh cranial nerve palsies. Trigeminal nerve (V1-V3)
sensations were intact. Hearing was normal. There was no tongue or palate weakness/
asymmetry. Tongue bulk was normal. Sternocleidomastoid and trapezius were normal. Power
in the upper limbs was normal. In the lower limbs, power in all groups of muscles was grade 3/5
(Medical Research Council grade). There was generalized areflexia. Planters were flexor.
Sensory examination was normal. There was nuchal rigidity with a positive Kerning sign. Other
systemic and general examinations were unremarkable.

Question for consideration:
1. What is the likely anatomical localization?

The patient had bilateral optic nerve and seventh nerve involvement, with bilateral external
ophthalmoplegia, but lacking any long tract sign. Visual disturbance with external oph-
thalmoplegia involving multiple cranial nerves helped us in localizing the site of involvement to
a true orbital apex syndrome, a modified superior orbital fissure syndrome, or an extending
cavernous sinus syndrome. Involvement of vision is considered an important differentiating
feature dissecting a true orbital apex syndrome from superior orbital fissure and cavernous sinus
afflictions. The trigeminal nerve (V1 and V2 divisions) that traverses the lateral wall of the
cavernous sinus was normal in our case. Facial nerve involvement, typically not found in either
cavernous or orbital apex syndromes, suggests extensive cranial meningeal involvement. Are-
flexic paraparesis suggests polyradiculopathy due to spinal meningeal involvement. Multiple
cranial nerve palsies and the presence of meningeal signs, along with lower motor neuron
pattern weakness in limbs, suggest diffuse leptomeningeal involvement.
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Section 2
The patient was an elderly, apparently immunocompetent,
man having presented with a subacute disease course.
Multiple cranial nerve involvement with polyradiculopathy
suggested an extensive cranial and spinal meningeal
involvement.

Question for consideration:
1. What are the differential diagnoses in this patient?

Cranial nerves pass through many bony foramina in the
base of the skull and traverse through basal meninges to
various parts of the head and the neck. Cranial nerves,
throughout their course, are vulnerable to various localized
or systemic insults. Similarly, the spinal nerves, after
emerging from the spinal cord, are vulnerable to various
localized or systemic disorders. A large number of diseases,
like malignancy, infections, vasculitides, and connective
tissue disorders, can simultaneously affect multiple cranial
and spinal nerve roots. We considered tuberculous men-
ingitis, sarcoidosis, connective tissue disorders, vasculiti-
des, fungal infections, and leptomeningeal carcinomatosis
in our differential diagnoses. Miller-Fisher variant of
Guillain-Barré syndrome is a close differential diagnosis in
a patient with ophthalmoplegia and areflexia, but the
presence of other cranial neuropathies made it unnecessary
to consider further workup.

Tuberculous meningitis is a common infective condition that
can cause simultaneous multiple cranial nerve palsies and
spinal arachnoiditis. Neuroimaging demonstrates diffuse,
segmental, or nodular thickening, with enhancement of the
meninges. Signal changes in spinal cord parenchyma and in-
trinsic cord tuberculoma are also frequently noted.1

Sarcoidosis is a systemic granulomatous condition of un-
known etiology that has been shown to affect nearly every
organ system of the body. The common neurologic

manifestations of sarcoidosis are cranial nerve palsies, head-
ache, and seizures. Facial nerve, unilateral or more charac-
teristically bilateral, is the most frequently involved cranial
nerve. Sarcoidosis can affect spinal cord too. Typical spinal
cord neuroimaging changes include leptomeningeal en-
hancement, an intramedullary mass, nerve root clumping, and
enhanced nerve root sheaths.2 Disseminated involvement of
multiple cranial nerve and spinal nerve roots can be seen in
vasculitis, as well. Wegener granulomatosis produces cranial
nerve palsies and involves the optic nerve.3 Polyradicular
meningeal involvement can be seen in vasculitis because of
arteritic or embolic occlusion of vessels supplying the nerve
roots. Fungal infections like mucormycosis can affect multiple
cranial nerves but the involvement of spinal nerve roots is less
common.

Invasion of the cranial and spinal leptomeninges by a systemic
cancer can cause multiple cranial nerve palsies along with an
extensive radiculopathy, with or without the involvement of
the spinal cord. Metastatic seeding of the cancer cells in lep-
tomeninges is known as carcinomatous meningitis if the pri-
mary malignancy is a solid tumor. However, in cases with
a lymphoma, it is known as lymphomatous meningitis or
leukemic meningitis if the primary disorder is a leukemia.
Neuroimaging shows leptomeningeal enhancement, sub-
arachnoidal nodular filling defects, clumping of roots of the
cauda equina, and thickening and enhancement of nerve
roots. Breast cancer, lung cancer, and melanoma are the 3
most common solid malignancies known to cause carcino-
matous meningitis. Infrequently, carcinomatous meningitis
may be the presentingmanifestation of systemicmalignancies.
Leukemic and lymphomatous meningitis tend to have
a higher frequency of cranial nerve involvement.4 In a series,
979 patients with simultaneous or serial involvement of 2 or
more different cranial nerves were evaluated; almost one-third
of patients had a tumor as the reason for multiple cranial
neuropathies. Lymphomas and leukemias were diagnosed in
10% and 3% of cases, respectively.5
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Section 3
Although the incidence of getting diagnosed with a malig-
nancy increases with age, infections and certain immunologic
disorders also tend to occur with an increased frequency in
elderly patients. Thus, a systematic approach towards the
comprehensive evaluation of such a state is required. The
investigations, at the same time, need to be customized to
avoid unnecessary evaluation and procedures.

Question for consideration:
1. Which diagnostic testing is required?

Imaging
MRI of the brain showed bilateral contrast enhancement in
the region of cavernous sinus, extending to the orbital apex. A

contrast-enhanced spinal MRI did not reveal any lep-
tomeningeal enhancement. Chest X-ray, ultrasound of the
abdomen and pelvis, and contrast-enhanced CT of thorax and
abdomen were unremarkable (figure, A and B).

Lumbar puncture
The patient’s CSF opening pressure was elevated (350 mm
H2O). CSF examination showed protein 300mg% and glucose
41 mg% with a corresponding blood glucose of 117 mg%. The
cell count in CSF was 19,080 (polymorphs 15%, lymphocytes
10%, and atypical cells 75%) (figure, C). PCR for tuberculosis
and cryptococcal latex agglutination test was negative.

Blood tests
Laboratory evaluation revealed hemoglobin of 14.4 g/dL,
total leukocyte count of 200,000 cells/mm3 (n = 71%, L =

Figure MRI shows cavernous sinus and orbital enhancement

CSF shows leukemic cells. Bone marrow examination confirmed acute lymphoblastic leukemia. MRI of the brain depicts gadolinium contrast enhancement
(arrowheads) in the cavernous sinuses, orbital apices, and the associatedmeningeal and brainstem interfaces, on axial spoiled gradient recalled image (B) as
compared to corresponding axial T1-weighted image (A). CSF cytosmear (C) depicts a monotonous population of atypical lymphoid cells. Peripheral blood
smear (D), Leishman stain, 400×, shows blast cell (arrow) along with mature cells and normocytic normochromic red cells. Bone marrow (E) Leishman stain,
630×, shows heterogeneously sized blast cells with high nuclear cytoplasmic ratio, hyper chromatic nuclei, conspicuous nucleoli, and variable amount of
basophilic agranular cytoplasm. Bone marrow flow cytometry dot plots (F) depict blasts (R1 red gate) with dim CD45 expression and low side scatter.
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21%, E = 1%, M = 7%), and platelet count of 77,000 cells/
mm3. The patient’s aspartate aminotransferase level was 112
U/L, alanine aminotransferase was 123 U/L, and alkaline
phosphatase was 127.5 U/L. Enzyme-linked immunosorbent
assay for HIV infection was unreactive. Additional blood
biochemical measures, renal function tests, blood sugar,
electrolytes, and arterial blood gases were normal. Screening
for vasculitis and connective tissue disorders was negative.

Bone marrow biopsy
Bone marrow examination, performed in view of atypical cells
in the CSF, showed heterogeneous blast cells with high
nucleocytoplasmic ratio, moderate fine chromatin, 1–2 nu-
cleoli, and scant amount of cytoplasm, findings suggestive of
acute lymphoblastic leukemia. Flow cytometry analysis was
positive for CD10, CD19, CD20, CD38, and HLA-DR
(figure, D–F).

Diagnosis
The patient was diagnosed with B-cell type acute lympho-
blastic leukemia. The presence of leukemic blast cells in CSF
confirmed the diagnosis of leukemic meningitis.

Discussion
Mature B-cell subtype of acute lymphoblastic leukemia fre-
quently invades the CNS. In acute lymphoblastic leukemia,
both CNS and peripheral nervous system are affected. CNS
involvement is frequent in adults. Leptomeningeal infiltration
of leukemic cells is seen in around 10% of adult patients at
diagnosis. Leptomeningeal metastasis is much more frequent
at the time of relapse. A large series of adult patients with acute
lymphoblastic leukemia experienced CNS involvement: 5% of
cases (77 of 1,508).6 CNS leukemia is characterized by the
presence of leukemic blast cells or mononuclear cells in the
CSF or cranial nerve palsies, or significant neurologic dys-
function.7 Leptomeningeal leukemic infiltration of basal me-
ninges often presents with multiple cranial nerve palsies.8

Infrequent neurologic complications are cerebral infarcts and
venous thrombosis, cerebral dysfunction after radiotherapy,
and iatrogenic meningitis. CNS involvement may even be
asymptomatic and becomes evident only after a CSF exami-
nation.9 A lumbar puncture should always be done in newly
diagnosed acute lymphoblastic leukemia. In a patient with
leptomeningeal infiltration, leukemic cells can be demon-
strated in CSF with the help of cytology and flow cytometry.
CSF analysis may reveal a variety of other meningitides like
cryptococcal, tuberculous, viral, and acanthamoeba menin-
goencephalitis. MRI, in leukemia, may show intracranial and

spinal meningeal enhancement, or a mass-like lesion.10 CNS
recurrence is a significant problem. The survival of untreated
patients with leptomeningeal infiltration is limited to a few
weeks. CSF examination is indispensable for evaluation of
CNS involvement in acute lymphoblastic leukemia. The
presence of blast cells in CSF or contamination of CSF by
blast cell during traumatic lumbar puncture indicates a CNS
relapse.
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