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Neurocysticercosis (NCC), the most common central nervous system (CNS) para-
sitic infection among the immunocompetent population can imitate every clinical
feature of brain-diseases accurately, drawing attention away from the real culprit
and delaying the proper treatment. There are two types of NCC, the parenchymal
and the extraparenchymal form. The extraparenchymal NCC include the ventric-
ular cysticercosis, the subarachnoid cysts including giant cysts or racemose cystic-
ercosis with chronic meningitis, the spinal (intra- or extramedullary) cysticercosis
and the ophthalmic cysticercosis. It is estimated that about 30% of epilepsy cases
in endemic countries are due to NCC and especially the racemose NCC is more
aggressive and associated with higher mortality rates. There is a significant het-
erogeneity in clinical phenotypes, regarding the racemose NCC, which depends
on the parasite load and evolutionary stage in association with its location in CNS
and the host’s immune response. Crucial for the management of the racemose
NCC is the early recognition of the symptoms and the swift initiation of antipara-
sitic therapy with anti-inflammatory agents in combination with the shunt-inser-
tion in cases of obstructive hydrocephalus. In view of the former considerations
we conducted a narrative literature review on racemose NCC and described the
diagnostic challenges of a relevant case that we had evaluated in our Department
of Neurology.
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Neurocysticercosis (NCC) is the most common sub-
acute/chronic pleomorphic parasitic infection of the
central nervous system (CNS) caused by the larval form
of the pork tapeworm Taenia Solium.' The most fre-
quent involved sites are the central nervous system, the
eye and the muscle but T. Solium can affect any organ.

Although it is highly endemic in rural areas of the de-
veloping world, on behalf of poor sanitary conditions,
is still under-diagnosed. The clinical manifestations
depend on the parasite load and the host’s immune
response regarding their location in CNS and their
evolutionary stage.” There are two types of NCC, the
parenchymal and the extraparenchymal form. The ex-
traparenchymal racemose NCC has the worst prognosis
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among all forms of NCC with mortality ranging be-
tween 30% and 80%.

However, the early recognition of symptoms such as
rapidly progressive dementia, late-onset seizures and
psychiatric manifestations would allow a prompt begin
of antiparasitic therapy, which could be life-saving in
this uncommon but devastating central nervous system
disorder.

CASE PRESENTATION

A 65-year-old male, shepherd from Albania present-
ed in our Department of Neurology with continuously
deteriorating cognitive impairment and gait imbalance
with frequent falls during the past 6 months. He had a
long history of headaches and seizures by the age of 25
and two psychiatric hospitalizations (8 years ago) in Al-
bania because of aggressive behavior.

Neurological examination revealed disorientation
and apathy. He scored 8/30 on the Mini-mental State
Examination (MMSE) with substantial impairment of
the cognitive domains including executive function,
verbal fluency, working and episodic verbal memory,
the visuospatial orientation and calculation.

Furthermore, he presented with gait imbalance, stiff-
ness of upper extremities and bilateral extensor plantar
reflexes. Our examination on the admission revealed
affected body balance even in the sitting position. He
could walk with his feet wide apart and with the as-
sistance of two persons. Electroencephalography was
highly indicative of diffuse frontal cerebral dysfunction
and prone to focal seizures.

The cerebrospinal fluid (CSF) analysis indicated
yellowish colored fluid with mild lympocytosis (=15
cells), hypoglycorrhachia (glucose in CSF/glucose in se-
rum=10/100 mg/dL) and mild increase in protein con-
centration (64 mg/dL). The patient was extensively test-
ed for tuberculosis. Quantiferon test, two consecutive
CSF-cultures and CSF-polymerase chain reaction (PCR)
analysis for mycobacterium of tuberculosis were all
negative, excluding this differential diagnosis. The bac-
teria culture tests and PCR analysis of CSF for different
viruses (Cytomegalovirus, Epstein-Barr Virus, Herpes
simplex Virus-1, Herpes simplex Virus-2, Varizella-Zos-
ter Virus, Enteroviruses) were negative, whereas the
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oligoclonal bands examination showed immunoglobin
(IgGs) intrathecal synthesis in CSF and increased IgG
INDEX (=2.70 with normal range <0.65). The cytologi-
cal analysis of CSF did not reveal any malignancy but
was positive for inflammation with high number of
CD138(+) plasmatocytes while the immunophenotype
and flow cytometer of the same sample presented
T-polyclonal cells.

Results of serological tests including human immu-
nodeficiency virus antibody/antigen, Venereal Disease
Research Laboratory (VDRL), Bartonella/Listeria type I
and 4b/Brucella and Cryptococcus antibodies were nega-
tive. Rheumatologic workup including anticardiolip-
in/b2-glycoprotein antibodies, lupus anticoagulant,
antinuclear antibodies, antineutrophil cytoplasmic
antibody, C3 and C4 complement levels and serum an-
giotensin converting enzyme revealed unremarkable
results. Test for NCC on antibody-enzyme linked im-
munosorbent assay (Ag-ELISA) in both CSF and Serum
was negative.

Brain magnetic resonance imaging (MRI) depicted
obstructive hydrocephalus and multiple subarachnoid
cysts (left sylvian fissure and prepontine cistern) highly
suggestive of racemose NCC. Ependymitis, ventriculitis,
perivascular gadolinium enhancement and parenchy-
mal granular stage cysts were also illustrated. There
were no signs of systemic cysticercosis ascertained by
the diagnostic workflow (Figs. 1, 2).

Enzyme-linked immunotransfer blot (EITB) assay,
which was positive both in serum and CSF ascertained,
in combination with the clinical manifestations and the
radiological findings ascertained the diagnosis of sub-
arachnoid racemose NCC.

A shunt was inserted intraventricularly. However,
brain biopsy results were inconclusive due to friability
of brain tissue as a result of the underlying inflam-
mation and technical limitations related to the biopsy
sample.

When treatment with albendazole, praziquantel and
corticosteroids was administered at a late stage, the ex-
tensive parenchymal damage due to inflammation and
dilatation of ventricular system was adverse prognostic
factor that was associated with an unfavorable clinical
outcome. The patient failed to respond to antiparasitic
treatment and died 3 months following admission to
our Department of Neurology because of neurological
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deterioration.

PARASITOLOGY-PATHOGENESIS

Taenia solium is a two-host zoonotic cestode. The
human can act as both intermediate and definitive host
and is the only known final host for T. Solium tape-
worms in nature? In areas with poor sanitation pigs in-
gest feces containing ova, which develop into cysticerci
in their tissue. Humans become infected after ingestion
of infected pigs with cysticerci or larvae in tissue.* Oth-
er studies conclude as well to person-to-person spread
from cysticercosis, since they have shown a significant
human cysticercosis seroprevalence gradient surround-
ing tapeworm carriers; tapeworm carriers can spread
the eggs to other through fecal-oral contamination.®

Journal of Neurosonology and Neuroimaging

In most cases NCC produces symptoms many years
after the initial invasion of the central nervous system
of the parasite. The cysts may be located in the brain,
subcutaneous tissue, muscles, eyes and rarely in the
spinal cord and other tissues.

The parasite commonly affects the central nervous
system, causing NCC. There are two types of NCC: the
parenchymal, which is classified into non-cystic, vesic-
ular, colloidal vesicular, granular nodular and calcified
nodular and the extraparenchymal.® The extraparen-
chymal form include the ventricular cysticercosis, the
subarachnoid cysts including giant cysts or racemose
cysticercosis with chronic meningitis, the hydrocepha-
lus with no visible cysts, the spinal (intra- or extramed-
ullary) cysticercosis and the ophthalmic cysticercosis.>*

In parenchymal form mortality is limited to epilep-
sy-related deaths, unless there is a high burden of cysts.

FIG. 1. (A-D) Fluid-attenuated inversion recovery sequences showing multiple cysts in the subarachnoid/cisternal space: prepontine cistern and
left sylvian fissure (arrow). (E) There was evidence of perivascular gadolinium enhancement (T1 post contrast) suggesting inflammation in the
subarachnoid space (arrow) and (F) restricted diffusion of ependyma (diffusion-weighted imaging) indicating the presence of ventriculits causing
hydrocephalus.
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On the other head, extraparenchymal form is related
with high mortality rates, mainly due to intracranial
hypertension, which in the most of the cases requires
aggressive management.

EPIDEMIOLOGY

Endemic regions for NCC are the most Latin Ameri-
can countries, sub-Saharan Africa and large regions of
Asia, including the Indian subcontinent, most of South-
east Asia, and China; and the number of endemic coun-
tries continues nowadays to increase.>” Imported NCC
due to immigration is being increasingly recognized
in Europe, United States and in Canada, reflecting the
high endemicity of the infection in their countries of
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origin.®

Until 2010 NCC was referred to as “neglected” dis-
ease. However, Coyle et al.® in 2012 implies correctly,
that NCC may be neglected but not forgotten. An es-
timation from World Health Organization suggests
about 2.56-8.30 million people with NCC globally.’® It is
estimated, that about 30% of epilepsy cases in endemic
countries are due to NCC and in high risk communi-
ties it can be associated with as many as 70% of epilepsy
cases."

Racemose NCC is clinically more aggressive and is
considered as the malignant form of NCC." In the lit-
erature it is reported in 15-54% of the patients and is
associated with a high mortality rate when it is compli-
cated with hydrocephalus secondary to cysticercal men-
ingitis."*

FIG. 2. (A-C) A granular cyst in right basal ganglia with hemosidirin deposition (arrow) on susceptibility weighted imaging (SW1) (JA] SWI, [B] phase
SWI) and (C) gadolinium ring enhancement (T post contrast) transformed into a calcified lesion ([D] SWI, [E] phase SWI) without (F) gadolinium
enhancement (T post contrast) 3 months later.
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CLINICAL PRESENTATION AND RADIOLOGICAL
FEATURES

Racemose NCC refers to cysticerci who are lodged
either in the subarachnoid space of the basal cisterns,
Sylvian fissure, spinal medulla or in the ventricular sys-
tem. The appearance of parasites in those locations, es-
pecially in the subarachnoid space appears like a cluster
of grapes, and thus were termed racemose cysts.#*

Racemose NCC is thought to be due to a different
form of T. solium, which could be either an aberrant
cysticercus of T. solium or a coenurus cerebralis, which
is an intermediary stage of the adult tapeworm, T. mul-
ticeps or T. serialis.

This form is much less frequent and studied than
the parenchymal one and a significant heterogeneity in
clinical phenotypes occurs regarding the obstruction
of CSF flow, the mass effect phenomena and the in-
flammation spread into arachnoid/ependymal tissues
or blood vessels causing arachnoiditis/ependymitis
or vasculitis respectively (Table 1). The latency period
between infection and symptoms appearance is long
and usually this clinical entity is overlooked for years or
even decades.®

Typical clinical presentation of the racemose NCC
is the adult-onset seizure in combination with a long
history of headache and other neurological symptoms
such as vomiting and fatigue. Hydrocephalus is in the
most cases obstructive, due to either meningitis and
adhesions (meningeal form), that result in CSF obstruc-
tion or due to ependymitis caused by the death of larva
in the ventricular/subarachnoid form which result in
ventricular outlet obstruction."™

The intraventricular form of NCC is associated with
the highest mortality and morbidity with the 4th ventri-
cle being the most common affected site (53%) followed
by the third (27%).2 Yerneni et al.'* published in 2020
a typical case report of a 34-year-old female presenting
with late-onset of seizure and a long history of head-
ache, due to lobulated cystic mass within the 4th ventri-
cle resulting in obstructive hydrocephalus. Free-float-
ing cysts in ventricles, especially in the 4th ventricle can
cause Brun’s syndrome, characterized by intermittent
foraminal obstruction induced by rotatory movements
of head/neck and causing episodic recurrent headaches,
vertigo, ataxia, drop attacks, loss of consciousness with
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rapid recovery.”

Machado-Porto et al.*® described an uncommon
presentation of reversible dementia due to underlying
hydrocephalus caused by NCC in its racemose form.
Dementia is a rare complication and sometimes the
presenting feature in racemose NCC. The mechanisms
proposed for dementia are raised intracranial pressure,
location of the parasite and the host’s immune re-
sponse.

Racemose NCC can also present with a mass effect;
Kumar et al.”7 reported an interesting case of a 22-year-
old male, presenting with headache and seizures since
4 years, due to a giant multi-loculated cystic mass in left
choroid fissure causing mass effect on the hippocam-
pus and compression on the left lateral ventricle.

Other sensational clinical and radiological manifesta-
tions of racemose, described in the literature is the tri-
geminal neuralgia due to multiple cysts in the posterior
fossa cisterns, mainly in the cerebellopontine angles.’®
Grape-like clusters in the sellar and suprasellar regions
is also reported to cause characteristic syndrome with
amenorrhoea, recurrent vomiting, headache and in-
creased fatigue.' Chronic papilledema with bilateral
optic atrophy was also reported by Matalia et al.** and
attributed to multiloculated cysts in the basal cisterns,
right sylvian, and anterior interhemispheric fissure
with moderate obstructive hydrocephalus.

NCC has been shown to consist a risk factor, inde-
pendent from other risk factors, for stroke in young
and middle-aged patients. Subarachnoid NCC is main-
ly due to the subarachnoid cysts, while the underlying
arteritis can cause occlusion of cerebral arteries leading
to cerebral infarctions. The most commonly affected
cerebral vessels are the middle and posterior arteries
and the incidence of cerebrovascular diseases in pa-
tients with racemose NCC is between 4% and 129.**"*

Spinal NCC is a rare manifestation and constitutes
about 1-5% of all cases of NCC. The most frequent
presentation is the subarachnoid (leptomeningeal) ex-
tramedullary form and less common is the intramed-
ullary form.*" The spinal NCC is very difficult to treat,
especially when it is associated with arachnoiditis and
has a poor prognosis.” Few cases with spinal racemose
NCC are reported in the literature, one of the these was
published by Yacoub et al.*® in 2017.
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Racemose NCC and Neuroimaging Findings

Main clinical manifestation

Main radiological feature

Country

Patient characteristics

Yerneni et al.*4 (2020)

Diehl Rodriquez et al.®
(2012)

Machado-Porto et al.*®
(2015)

Kumar et al.” (2013)

Hamamoto Filho et al.*®

(2016)

Dutta et al.*® (2013)

Matalia et al.*® (2014)

Levy et al.** (1995)

Yacoub et al.?® (2017)

Present study

Adult onset seizures & Obstructive hydrocephalus & lob-

1-year history of bilateral
headaches with vertigo
and intermittent nausea

Brun’s Syndrom: new on-
set of tonic-clonic seizure
& headaches with pro-
gressive bilateral visual
and hearing loss

Reversible dementia & gait
disorder with urinary in-
continence

Seizures and headache
since 4 years

Painful trigeminal neurap-
athy

Amenorrhoea, recurrent
vomiting, headache and
increased fatigue

Chronic papilledema with
bilateral optic atrophy

Right hemiparesis and
nonfluent aphasia

Bilateral arm numbness
and weakness & gait in-
stability

Rapidly progressive de-
mentia and gait instabili-
ty

ulated cystic mass within the 4th
ventricle

Arachnoiditis and cystic lesions
beside the pontine cistern, the
interpeduncular cistern, and the
bulbo-cerebellar cistern with hy-
drocephalus

Moderate hydrocephalus & as a
“bunch of grapes”, multiple cysts
in the right Sylvian fissure

Giant multi-loculated cystic mass in
left choroid fissure causing mass
effect on the hippocampus and
compression on the left lateral
ventricle

Multiple cysts in the posterior fossa
cisterns, mainly in the cerebello-
pontine angles

Grape-like clusters in the sellar
and suprasellar regions & also
shown: some single cysts in the
cerebellum/brainstem and in the
grey—white matter junction of the
cerebral cortex

Multiloculated cysts in the basal
cisterns, right sylvian, and ante-
rior interhemispheric fissure with
moderate obstructive hydroceph-
alus

Subacute infarcts in the left MCA
distribution, due to occlusion of
the left ICA at the level of the an-
terior choroidal artery with bilat-
eral occlusion of the A2 segments
of the ACAs. Hydrocephalus.

Multiseptated cystic lesions in the
upper cervical spinal canal & non-
enhancing intradural extramedul-
lary cystic lesions in the thoracic
spine

Obstructive hydrocephalus &
multiple subarachnoid cysts &
ependymitis, ventriculitis, with
perivascular gadolinium enhance-
ment

United States
(born and raised
in Mexico until

the age of 8)

Urban Region of
South Brazil

Sao Paulo-Brazil

India

Brazil

Calcutta, India

India

Guadalajara,-
Mexico

Mexico

Albania

Female
(36-year-old)

Female (43-year-old)

Female (63-year-old)

Male (22-year-old)

Male (64-year-old)

Female (29-year-old)

Male (22-year-old)

Female (51-year-old)

Male (49-year-old)

Male (65-year-old)
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DIAGNOSIS

Diagnosis of NCC and especially of racemose form
remains a great challenge and is based on a combina-
tion of clinical manifestations, neuroimaging and CSF
findings, and reliable immune diagnostic tests.” The
revised diagnostic criteria published by Del Brutto et
al.®® in 2017, offer a significant tool for the diagnosis
of NCC with acceptable reliability and validity. For the
clinicians important to remember is that definitive di-
agnosis can be made in those patients with two major
neuroimaging criteria (cystic lesions without scolex,
enhancing lesions, multilobulated cysts and calcifi-
cations) plus one clinical/exposure criteria (detection
of anticysticercal antibodies or cysticercal antigens by
well-standardized tests, systemic cysticercosis, evidence
of 'a household Taenia carrier, suggestive clinical mani-
festations, and residency in endemic areas).

Although CT-Imaging is a reliable method to detect
an hydrocephalus and calcified cysticerci, MRI of brain
remains the best technique to distinguish cystic sub-
arachnoid or intraventricular cysticerci with or without
the coexistence of hydrocephalus, leptomeningeal en-
hancement or spinal involvement.*”

The detection of specific antibodies or cysticercal
antigens by immunodiagnostic tests is the next step
in the diagnosis of NCC. The most reliable test for the
detection of specific for T. Solium antigens in serum or
CSF is the EITB assay using lectin-purified glycopro-
tein extracts.’® For patients with two or more viable or
degenerating parasites in the central nervous system,
or subarachnoid disease the sensitivity of EITB is 98%
and the specificity 100%. The sensitivity of EITB has
been shown to be slightly lower in CSF than in serum
(90% vs. 100%). The weaknesses of this method are the
low sensitivity (50-60%) in patients with only one intra-
cranial cyst due to cysticercosis, the low sensitivity in
patients with calcified cysticerci and the false positive
test in asymptomatic population, especially in endem-
ic areas.’* When EITB is not available the alternative
method is the detection of anticysticercal antibodies by
ELISA either in the CSF (sensitivity 89% and specificity
93%) or in serum. The method is less reliable in serum
rather than in CSF and also less reliable in patients
with a few parenchymal cysts or in those with calcified
cysticerci*®

J Neurosonol Neuroimag 2021;13(2):37-46
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CSF abnormalities are more frequently associated
with the ventricular/subarachnoid form of the disease
and with the presence of inflammation or multiple
cysts. CSF abnormal findings include mononuclear
pleocytosis, a mild to moderate increase in CSF protein
concentration, elevated IgG-Index with positive oligo-
clonal bands and low concentrations of CSF glucose.

Hypoglycorrhachia is associated with poorer progno-
sis.2934

MANAGEMENT APPROACH

There are numerous studies about the optimal man-
agement of the parenchymal NCC. Monotherapy with
albendazole is recommended for patients with one or
two cystic lesions and the combination of albendazole
with praziquantel for those with multiple cysts. Pa-
tients, who present with seizures or headache, have a
favorable response to antiparasitic therapy in combi-
nation with corticosteroid and a first-line antiepileptic
drug is in the most cases necessary.®®

In contrast to parenchymal disease, the therapeutic
approach in patients with ventricular or subarachnoid
NCC is different. In the ventricular disease consensus
guidelines favoured endoscopic removal of cysts in the
lateral and third ventricles with a flexible ventriculo-
scope and an individualized approach to cysticerci in
the 4th ventricle (the most favorable is the posterior
approach)3® High risk of bleeding is observed when
the cysts are adhered to the ventricular wall. After suc-
cessful removal of isolated intraventricular cysts anti-
parasitic or cortisosteroid therapy is no more needed.
A preoperative antiparasitic therapy is also not recom-
mended, because such a therapy could lead to disrup-
tion of parasite integrity with inflammatory response.
A shunt surgery is suggested when inflammation or
cyst’s adherence to ventricular wall is observed and
shunt insertion should be followed by the combination
of antiparasitic with steroid therapy. A perioperative
steroid therapy is also suggested when brain edema is
observed.”*

Three steps are crucial for the management of sub-
arachnoid NCC.*3° Strongly recommended is the early
begin of antiparasitic therapy, in most cases the com-
bination of albendazole with praziquantel is preferable.
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Since all the complications in the subarachnoid form
are the result of the inflammatory reaction to cysticidal
antigens, anti-inflammatory therapy, initiated prior to
antiparasitic drugs, is the next recommendation. High-
dose corticosteroids, followed by a careful tapering, are
suggested and as a steroid-sparing agent, (in order to
avoid the steroid complications), the methotrexate is
also recommended.® For patients with hydrocephalus
a shunt insertion in addition to medical therapy is also
strongly suggested3® Since racemose NCC carries the
worst prognosis among all forms of NCC with mortali-
ty ranging between 30% and 80% these patients should
be under a close and long-term follow-up. Despite the
fact that safe endpoints for therapy discontinuation are
not well established, CSF cells & glucose within normal
range, absence of lesions in the follow-up MRI and
negative cysticercal-antigen-tests may lead to end of
treatment.*

CONCLUSIONS

Although racemose NCC is a rare disease, it should
be considered in the differential diagnosis even in
non-endemic countries due to increased travel and
immigration across the endemic countries. Extraparen-
chymal cysticercosis could be mistaken for other com-
mon infectious of inflammatory diseases, including the
primary CNS-angiitis.** The present case highlights the
importance of the timely diagnosis of racemose NCC in
patients presenting with rapidly progressive dementia
and gait instability. The swift initiation of neurosurgi-
cal and antibiotic treatments may be life-saving in this
uncommon but devastating central nervous system dis-
order.
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