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1 | INTRODUCTION

Neurocysticercosis (NCC) is a parasitic neurologic disease
caused by the encysted larva of the tapeworm Taenia so-
lium. 1t is the most common parasitic disease affecting the
human central nervous system (CNS) in the world! and
significantly contributes to the global burden of epilepsy.?
There is a great disparity in the geographical distribution
of NCC. Historically, NCC has remained relatively rare in
resource-rich countries,” but is rather a common cause of
acquired epilepsy in endemic areas of Latin America, Asia,
and Africa. Healthcare professionals in industrialized na-
tions with a high rate of immigration from endemic areas
should be aware of the disease."*> In Latin America, there
are an estimated 75 million people at risk for NCC, 400000
of whom present neurological symptoms.® NCC is, there-
fore, clearly a public health challenge globally' with symp-
tomatic patients representing only the tip of the iceberg.’

Neurocysticercosis encompasses a variety of clinical
presentations, depending on the number, location, size,
evolutionary stage of lesions, and the host's inflammatory
response. Despite great heterogeneity in clinical presen-
tation, seizures occur in up to 90% of patients with NCC.®
Consequently, imaging plays a crucial role in the diagno-
sis, staging, and prognosis of NCC. The main objectives
here are to present illustrative cases and neuroimaging vi-
gnettes of patients with epilepsy secondary to NCC and to
provide a concise summary of its pathophysiology, clinical
presentations, diagnostic approach, and staging of lesions
by neuroimaging.

2 | CASE1

A 51-year-old woman was admitted to the emergency de-
partment after suffering a bilateral tonic-clonic seizure,
followed by post-ictal confusion. She had been diagnosed
with abdominal lymphoma (not specified) 3 months be-
fore this event, and she had finished her first chemother-
apy cycle 3days earlier, which caused nausea, vomiting,
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the brain and cause several neurological conditions, of which seizures are the most
common. There is great heterogeneity in the clinical presentation of neurocysticer-
cosis because cysts vary in number, larval stage, and location among patients. We
here present two illustrative cases with different clinical features to highlight the
varying severity of symptoms secondary to this parasitic infestation. We also present
several examples of imaging characteristics of the disease at various stages, which
emphasize the central role of neuroimaging in the diagnosis of neurocysticercosis.

CT, epilepsy, MRI, neurocysticercosis, neuroimaging

and progressive weight loss. Prior to that, her medical
history was relatively unremarkable, with no previous
history of seizures. At the time of admission, she was
conscious and oriented. Physical examination was mostly
normal, revealing only a Babinski sign on the right side.
Laboratory results showed hyperglycemia, hyponatremia,
and hypokalemia. The remainder of the laboratory tests
were within the reference ranges, including a complete
blood count, basic metabolic panel, coagulation param-
eters, and liver function test. X-ray computed tomography
(CT) was performed, which revealed findings indicative of
different stages of neurocysticercosis (Figure 1). The pa-
tient was treated with albendazole and prednisone, and
hydrocephalus was managed with the implantation of a
ventriculoperitoneal shunt. There was a favorable evolu-
tion with the combination of pharmacological and surgi-
cal treatments.

3 | CASE 2

A 33-year-old man was admitted to the emergency de-
partment due to status epilepticus, with focal to bilateral
tonic-clonic seizures lasting more than 40min. He had
two prior hospitalizations for status epilepticus in the
last 2years. He had been diagnosed with epilepsy dur-
ing childhood, with focal motor seizures with impaired
awareness, left ocular version, left arm clonus, progress-
ing to bilateral tonic-clonic convulsions. Relatives re-
ported that seizures were preceded by agitation and
speech disturbance, referred to as the patient being “un-
able to pronounce words correctly, and suddenly he starts
running.” A month and a half earlier, he suffered a mild
traumatic brain injury after a bicycle accident secondary
to a seizure. Neurologic examination revealed symmetric
miotic pupils, preserved cough, oculocephalic, corneal,
and pupillary light reflexes. CT revealed a granulomatous
lesion with a calcified scolex in the mesial temporal lobe
(Figure 2). Treatment for status epilepticus included phe-
nytoin load and sedation with midazolam and propofol,
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FIGURE 1 Cranial CT shows
various stages of NCC. A scolex is visible
as a small hyperdensity within a large
cyst next to the dilated right temporal
horn of the lateral ventricle (inset).
Colloidal-vesicular NCC with perilesional
edema (curved arrows) and calcified
granulomatous lesions (straight arrows)
are seen in the parieto-occipital region
and right frontal lobe. Sulcal effacement
is consistent with raised intracranial
pressure.

FIGURE 2 CT without contrast displays parenchymal cysticercosis with a calcified granuloma in the right mesial temporal region

(arrows in axial, coronal, and sagittal views).

HUMAN defecation Consumption
—— ——a WATER of eggs of T. solium
INTESTINAL ° - » HuMmAN
CONTAMINATION (directly or through
TAENIASIS irrigated produce)
Dissemination
through
. : bloodstream
Consumption Consumption Cysts in muscle,
of cysts of T. solium of eggs of T. solium eye, skin.
CYSTS IN INFESTATION OF CyYST(S) IN NERVOUS
PORK MEAT® ™ LIVESTOCK TISSUE (NCC)

FIGURE 3 Lifecycle of the parasite. A cycle of human intestinal taeniasis and cyst formation in pigs sustained by contamination of
water with human feces and the consumption of pork meat. Human consumption of eggs of T. solium occurs through contaminated water,
or its use to irrigate produce intended for raw consumption. Embryos of the tapeworm break through the intestinal mucosa and enter the
bloodstream and reach skeletal muscle, eye, skin, or nervous tissue, where they evolve into cysts.
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vasopressor support with norepinephrine, and ventilatory
assistance in volume-controlled mode. After successful
control of seizures, sedatives and phenytoin were tapered.
Anti-seizure medication treatment continued with lev-
etiracetam and magnesium valproate with excellent long-
term control of seizures.

4 | LIFE CYCLE OF THE
PARASITE

The life cycle of Taenia solium has three phases: egg, lar-
vae, and adult (Figure 3)." It holds a two-host life cycle be-
tween humans and pigs; both serve as intermediate hosts
for the larval form, yet humans are the only definitive
host for the adult tapeworm.” T. solium forms cystic, fluid-
filled membranous vesicles with the tapeworm's head
(scolex) inside that lodge in skeletal muscle and CNS.
When humans consume contaminated pork, the scolex
unsheathes, adheres to the intestinal wall, and matures
into a 2-4m long ribbon-like tapeworm.'® Gravid proglot-
tids and small fertile eggs that contain an infective embryo
(oncosphere) are released into feces.! Unsanitary condi-
tions lead to contaminated water and livestock feed, rein-
forcing the cycle in pigs, where embryos break through
their intestinal mucosa to their bloodstream, evolving into
cysticerci in muscle and CNS." It is important to note that
the route through which cysts can lodge into the human
CNS is hematogenic after ingestion of produce irrigated
with water contaminated with fecal matter and tapeworm
eggs, rather than consumption of cysts present in pork
meat.'>!

5 | CLINICAL PRESENTATION

Clinical manifestations can range from entirely asymp-
tomatic infection to severe illness and death. Infestation
outside the CNS occurs in humans but is generally under-
recognized. Contrastingly, patients most often seek at-
tention for neurological symptoms.'> The severity of the
disease and the clinical manifestations are associated
with the characteristics of the infestation (number, size,
and location of the cysts, along with the intensity of the
host's immune response). NCC is considered a great imi-
tator in endemic areas because it can mimic almost any
neurological disorder.'®'” Clinical presentation differs
between parenchymal disease (within the brain tissue)
and extra parenchymal involvement, most commonly in
the subarachnoid spaces, ventricles, and spine. However,
it is not uncommon to find patients with several co-
occurring NCC lesions of various forms, locations, and
stages.'® Seizures caused by NCC likely result from the

e Disorders
TABLE 1 Diagnostic criteria for NCC".

1. Parenchymal neurocysticercosis

(2)

Definitive parenchymal neurocysticercosis*”, one of the

following:
1. Parenchymal cyst with pathological diagnosis

2. Single or multiple active parenchymal cysts, with at least
one cyst with scolex on CT or MRI

3. Multiple parenchymal vesicles without scolex associated
with at least one of the following:

a. Seizures: focal or generalized tonic—clonic
b. Positive serum or CSF immunological test

4. Any combination of the parenchymal cysticercus in
different evolutive stages: vesicular with or without scolex,
degenerative (colloidal or nodular), and calcified

Probable parenchymal neurocysticercosis, one of the following:

1. Single parenchymal calcification or vesicle (without
scolex) or degenerating cyst(s), establishing differential
diagnoses with other etiologies, associated with at least
two of the following:

a. Seizures: focal or generalized tonic-clonic

b. Subcutaneous or muscle cysts location confirmed by
biopsy

c. Positive serum or CSF immunological test

d. Plain X-ray films showing “cigar-shaped” calcifications

e. Individual who lives or has lived in or has traveled
frequently to endemic countries
2. Multiple parenchymal calcifications in an individual who
lives or has lived in or has traveled frequently to endemic
countries and in whom clinical state excludes other
etiologies of calcifications
2. Extraparenchymal neurocysticercosis (intraventricular/basal
subarachnoid)

Definitive extraparenchymal neurocysticercosis, one of the
following:

1. Extraparenchymal cyst with pathological diagnosis

2. One or more extraparenchymal cysts on MRI special
sequences with scolex in at least one of them

3. One or more extraparenchymal cysts on MRI special
sequences without scolex associated with at least two of
the following:

a. Hydrocephalus
b. Inflammatory CSF

o

Positive CSF immunological test

a

Presence of single or multiple calcifications or
parenchymal vesicular or degenerative cyst

3. Definitive parenchymal and extraparenchymal
neurocysticercosis
Combination of the above definitive parenchymal and definitive
extraparenchymal criteria
@ parasite located in the subarachnoid space of the convexity are included
with parenchymal parasites.

@ From Ref.,2! with permission.
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space-occupying effect and a reactive inflammatory re-
sponse within the brain parenchyma.' Diagnostic criteria
for NCC were first published in 2001* and then revised in
2016 by a group of experts from endemic countries.*' The
latter is reproduced in Table 1.

Adult-onset seizures (in particular of focal onset) are
highly suggestive of NCC in patients living in geographi-
cal areas with a high prevalence of the disease.*” Seizures
are more likely to occur in the presence of multiple lesions
in the acute or chronic phases of the infestation.?® First-
time seizures are often related to an active cyst, whereas
chronic epilepsy is associated with calcified granulomas,
with cysts undergoing degeneration being the most epi-
leptogenic.24 Recurrent seizures occur in about 40%-80%
of symptomatic cases of NCC,*® with active lesions being
predictive of recurrence. Seizures are often of focal origin,
typically with corresponding clinical semiology and EEG
findings.”> However, seizure characteristics may not be

congruent with the location and stage of NCC lesions, as
Case 2 illustrates, with some (but not all) features being
compatible with alteration of mesial temporal structures.
This is further complicated in patients with multiple
NCC lesions, and the co-occurrence of other pathologies,
such as hippocampal sclerosis.*’* Other presentations
include focal neurological deficits (16%), increased intra-
cranial pressure (12%), and cognitive impairment (5%).
Disappearance of calcified lesions in CT is predictive of
good outcome, but subsequent development of hippocam-
pal atrophy has been described in patients who presented
with status epilepticus.?

Treatment should be individualized based on the lesions'
extent, location, and clinical manifestations. Cysticidal
drugs such as albendazole, imidazole, or praziquantel are
effective at killing the parasite. However, this is often asso-
ciated with an extensive inflammatory response that could
pose an even greater risk to the patient than the infestation

FIGURE 4 Examples of early-stage NCC lesions. (A) Vesicular lesions in the left frontal lobe (arrows). The interior of the lesion
shows intensities similar to CSF in T2-(left) and T1-(right) weighted images. (B) The scolex can be identified on CT as a hyperdense spot
within a large hypodense cyst (“hole-with-dot”; arrows). (C) Large temporo-parietal vesiculo-colloidal lesions with visible scolex (arrow),
considerable perilesional edema (arrowheads), and signal enhancement of the capsule (curved arrow). (D) Temporal evolution in a patient
showing a large vesiculo-colloidal lesion (top) that is greatly reduced after treatment (bottom), with near-complete resolution of edema on
FLAIR (left; arrowheads), subtle post-contrast enhancement (middle; curved arrows), and visible calcification on SWI (hypointense, right;

arrow).
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itself.*” Prior or upon initiation of antiparasitic drugs, sys-
temic steroids can be used to prevent an exacerbated in-
flammatory response,'®* but rebound inflammation can
occur upon their discontinuation®’; methotrexate has been
suggested as an alternative treatment to, or during taper-
ing of steroids.®® Cysticidal drugs are not necessary if only
calcified cysts are identified, as the parasite is already dead.
Patients with epilepsy related to NCC often respond well
to conventional anti-seizure medications.!®!7%? However,
even after 2years of seizure freedom, their discontinuation
may result in a relapse in some patients.'® As Case 1 shows,
ventriculoperitoneal shunting may be required to allevi-
ate hydrocephalus. Surgical treatment can be an effective
option for select refractory cases of NCC-related epilepsy,
particularly when calcified cysts or dual pathology with
hippocampal sclerosis are present.”’™* Lesionectomy and

Epileptic. 1>
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lobectomy are viable surgical approaches, but careful moni-
toring for potential complications such as infection or hem-
orrhage is necessary.*"*>*° Surgical removal of cysts and
shunt insertion for fluid drainage may be necessary in cases
of extensive infection, such as racemose NCC and severe
extraparenchymal NCC.?”” Development of new techniques
such as lamina terminalis endoscopic third ventriculostomy
(LT-ETV) may offer additional options for surgical interven-
tion.*” Careful patient selection and thorough preoperative
evaluation are necessary to ensure optimal outcomes.

6 | NEUROIMAGING FINDINGS

Neuroimaging has become a cornerstone in the diagno-
sis of NCC as histological confirmation is generally not

FIGURE 5 Examples of late-stage NCC lesions. (A) Granulomatous lesion adjacent to the lateral ventricle with some perilesional
edema on FLAIR (leftmost image; arrow), no signal enhancement after contrast administration (second image from the left), and signs
of calcifications on SWI (hypointensity, third image from the left) and the corresponding phase map (hyperintensity, rightmost image).
(B) Calcified lesion seen as hypointense on SWI (left; curved arrow) and hyperintense on the corresponding phase map (middle), without

contrast enhancement (right).
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needed.*® In general, CT is more widely available and,
in most cases, sufficient for the demonstration of NCC.
If available, however, MRI should be preferred due to its
higher diagnostic yield, ideally following the HARNESS
MRI protocol for neuroimaging of adults with epilepsy”>*°
with the addition of optional contrasts sensitive to calcifi-
cations (see below). The demonstration of a scolex within
a cystic lesion through neuroimaging is considered as
an absolute criterion for the diagnosis of NCC (figure 1).
These round lesions are generally 10-20mm in diameter,
with their content isointense to cerebrospinal fluid (CSF),
but with a notable object (the scolex) encapsulated within,
thus receiving the term “hole-with-dot” imaging sign
(figure 4). Differential diagnosis includes cystic primary
tumors (e.g., epidermoid cysts, and teratoma) and metas-
tases, arachnoid cysts, hydatidosis, toxoplasmosis, and
abscesses—their distinction relies on careful examination
through different MRI contrast mechanisms. Other imag-
ing signs are highly suggestive of NCC: (1) cystic lesions
without scolex; (2) ring-like lesions that enhance after
gadolinium administration and may be accompanied by
perilesional edema; (3) multilobulated cystic lesions in
subarachnoid space (racemose NCC)*; and (4) parenchy-
mal brain calcifications. Calcifications signal non-viable
cysticerci, are typically less than 1cm in diameter with
well-defined borders, and are easily visualized through
CT and with MRI with the use of additional contrasts
such as T2* (gradient echo) and susceptibility-weighted
imaging (SWI, Figure 5). Diagnostic support for NCC is
provided by the spontaneous resolution of small enhanc-
ing lesions, or their disappearance or transformation into
calcifications after treatment with antiparasitic medica-
tions (albendazole or praziquantel).** Immunodiagnostic
tests of CSF and serum samples (ELISA, immunoblot, and
NOVALISA) provide ancillary support for the diagnosis of
NCC, with sensitivity and specificity as high as 81% and
97% respectively.***

Lesion appearance in CT and MRI varies as a func-
tion of the cyst's lifetime evolution (Figures 3 and 4). As
the parasite invades the tissue, there is focal edema and
some degree of contrast enhancement. Cyst formation
occurs next, with signal being isointense to CSF, and the
scolex becomes apparent (vesicular stage). After the par-
asite dies within the cyst, a capsule forms around the cyst
with considerable contrast enhancement, the fluid be-
comes turbid, and the associated inflammatory response
induces further perilesional edema (colloidal-vesicular
stage). The cyst then retracts, the capsule is thickened,
and the lesion appears hypointense on T2-weighted im-
ages, with very little surrounding edema and persisting
post-contrast enhancement (granular nodular stage).
Lesions finally become calcified, usually without contrast
enhancement or perilesional edema (calcified nodular

stage).1 However, edema and MRI contrast enhancement
around NCC calcifications have been described, which
may be intermittent and associated with seizures.*>*® It
is not uncommon for a single patient to host several NCC
lesions in various stages.

7 | CONCLUSIONS

Epilepsy secondary to NCC is, sadly, still highly preva-
lent around the world, yet NCC remains in the World
Health Organization's list of neglected tropical diseases.
Imaging must be performed in all patients with adult-
onset focal seizures, and NCC should rank high in the
list of differential diagnoses in highly endemic coun-
tries. Head CT is widely available and can easily identify
calcified granulomas and viable or degenerating cysts,
allowing for fast diagnosis even in countries with lim-
ited resources. Brain MRI can provide additional infor-
mation about surrounding inflammatory response and
cyst staging. NCC is much less frequently found in well-
resourced countries, where other lesions such as tumors,
vascular lesions, or malformations of cortical develop-
ment may be more frequent. However, the long tempo-
ral evolution of the parasite, combined with worldwide
migratory fluxes brought by social, political, and
climate-related unrest, have brought patients with NCC
(and other infectious and parasitic causes of seizures*’)
to non-endemic regions. Despite the effectiveness of
antiparasitic drugs and the usual control of seizures
with standard anti-seizure medications, patients with
NCC can suffer a long-lasting and debilitating disease.
Recurrent infestation can also occur, and thus, sanitary
conditions should be a public health priority, with pre-
ventative measures to abate orofecal disease transmis-
sion implemented in all countries.
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e Disorders

Test yourself

1. A 22-year-old man with new-onset seizures that begin with clonic movements of the left arm followed by
loss of consciousness and secondarily generalized tonic-clonic seizures. The differential diagnosis does NOT
include one of the following:

A. Arterio-venous malformation

B. Neurocysticercosis

C. Primary brain tumor or metastasis

D. Malformation of cortical development
E. Metabolic encephalitis

2. MRI scan is performed. T2-weighted images show a large collection of inhomogeneous fluid, with a small
solid mass within it. Considerable edema, seen as hyperintense on T2-weighted images, surrounds the le-
sion. After contrast injection, T1-weighted images show a very bright ring-like structure surrounding the
fluid. This type of lesion is:

A. Calcified NCC

B. Granulomatous NCC
C. Vesicular NCC

D. Racemose NCC

3. A calcified NCC is (select the only correct one):

A live larva surrounded by a calcified capsule

Amenable to treatment with antiparasitic drugs

A degenerated dead larva

Invisible on CT scan

Often surrounded by edema

cESReN- IS

Answers may be found in the Supporting Information.
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