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Neurocysticercosis (NCC) is a common parasitic condition of the central nervous system in certain parts of the world. The racemose variety of
NCC is distinct from the commonly seen parenchymal form. It frequently infiltrates the basal cisterns and Sylvian fissures. Imaging plays a vital
role in the diagnosis; however, as their signal intensity is similar to cerebrospinal fluid and due to the absence of enhancement in most cases,
imaging diagnosis is often difficult on the conventional MRI sequences. Here, we present five cases of racemose NCC to emphasize the impor-

tance of a heavily T2-weighted sequence (Fast Imaging Employing Steady-state Acquisition) sequence in the diagnosing this entity.
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Neurocysticercosis (NCC) is a common parasitic infection af-
fecting the central nervous system (CNS) and constitutes a pub-
lic health challenge for most developing countries.’ It is caused
by the larval form of the pork tapeworm Taenia solium.
Depending on the site of involvement, they are classified into
intraparenchymal, extra parenchymal (subarachnoid-cisternal,
meningeal, intraventricular) and mixed types.” Among these,
parenchymal involvement is the most common. As with other
haematogenously transmitted diseases, it typically involves the
grey-white matter junction, as parasites often lodge here due to
the smaller calibre blood vessels.® If larvae lodge in the menin-
ges or choroid plexus, the infection may involve the ventricular
system and subarachnoid space. The subarachnoid or racemose
NCC are frequently large-sized lesions as the subarachnoid
space provides ample space to grow compared to the parenchy-
mal variety. Furthermore, unlike parenchymal NCC, racemose
NCC clinical presentation is variable, making their diagnosis ex-
tremely challenging.

MRI plays a crucial role in the diagnosis; however, considering
that the signal intensity of the lesion is similar to cerebrospinal
fluid (CSF) signal intensity on all conventional sequences and the
lack of enhancement in most cases makes their prospective diag-
nosis quite tricky. Herein, we present a case series depicting the
MRI findings of racemose NCC. We emphasize the importance
of a heavily T2-weighted sequence (FIESTA—Fast Imaging
Employing Steady-state Acquisition) in their diagnosis (Table 1).

A 52-year-old female patient presented with a history of fe-
ver, headache, and vomiting for 2 months. Based on her
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symptoms and background, an initial diagnosis of CNS tu-
berculosis (TB) was suspected. Subsequently, a gene expert
test for TB was negative, and CSF analysis revealed normal
protein, sugar, and lactate levels.

T2-weighted MRI imaging (T2WI) of the brain showed ex-
pansion of the left prepontine cistern with the subtle presence
of fluid-signal intensity cystic lesions, which extended poste-
rior to the midbrain and displaced it towards the contralat-
eral side (Figure 1A and B). Moderate hydrocephalus was
also noted. The lesions were better delineated on FIESTA
images with thin septations as additional findings; these sep-
tations were not seen on T2 (Figure 1C and D). No scolex
was identified, and there was no post-contrast enhancement.
Based on imaging findings, a diagnosis of racemose NCC was
made. The patient was put on conservative medications and
is currently on follow-up.

A 10-year-old boy presented to our hospital with a history of
frequent headaches and seizures for 3 months and visual dis-
turbances for 4 days. MRI brain revealed a multiloculated
cystic lesion in the pineal region extending into the third ven-
tricle with resultant obstruction (Figure 2). It was hypoin-
tense on T1 (Figure 2A) with a thin rim of peripheral
enhancement on the post-contrast study (Figure 2B). T2 and
FIESTA images showed a characteristic multiloculated ap-
pearance (Figure 2C and D), classically called a “cluster of
grapes” appearance. The lesion caused a mass effect on the
tectum and thalami with the narrowing of the aqueduct
of Sylvius.
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The demographics, clinical manifestations, and MRI findings of these cases.

Patient Age/gender Type and duration Lesion location Internal septations Scolex Enhancement
of symptoms (on FIESTA)
1 52 years/F Fever, headache, and Prepontine cistern and the Present Absent None
vomiting—2 months cisternal spaces along
the midbrain
2 10 years/M Headache and seizures— Pineal region Present Absent Yes
2 months
3 37 years/M Headache and seizures— Under surface of the corpus Present Absent Absent
2 months callosum, roof of the third
ventricle and basal cisterns
4 56 years/M Seizure disorder and Ambient cistern and Present Absent Absent
slowness of gait—3 years Sylvian fissures
5 61 years/M Headache and fever— Sylvian fissure Present Present Present

2 days

Axial T2-weighted images showing a CSF signal intensity cystic
lesion in the prepontine cistern (A) and in the cisternal space along the
midbrain (B). Axial FIESTA—Fast Imaging Employing Steady-state
Acquisition images (C, D) aid better visualization of the lesions with thin
internal septations.

A 37-year-old male patient has a history of frequent head-
aches and recurrent seizures for 2 months. MRI revealed dila-
tation of the extra-axial CSF spaces with septations along the
inferior aspect of the corpus callosum. The third ventricle
roof was displaced posteriorly into the basal cisterns
(Figure 3A and B). Moderate non-communicating hydroceph-
alus was also noted with the normal-sized fourth ventricle.
The FIESTA sequence could depict the multiseptated nature
of the lesion more clearly. Contrast enhancement and diffu-
sion restriction were absent. The patient improved on conser-
vative management and is currently on follow-up.

A 56-year-old male patient came to our hospital with a his-
tory of seizures, gait impairment, incontinence, ataxia, and

forgetfulness for 5 years. Based on the presence of
hydrocephalus on the previous MRI, he was treated else-
where on the line for CNS tuberculosis. However, despite
3 months of antitubercular treatment, he showed no signs
of improvement.

A repeat MRI was done to look for an alternate diagnosis.
It showed a dilated ambient cistern with indentation on the
pons (Figure 4A). The lateral ventricles were markedly di-
lated along with dilatation of bilateral CSF spaces in the tem-
poroparietal region with dominant involvement of Sylvian
fissures (Figure 4B). On FIESTA MRI (Figure 4C and D), the
lesion showed thin septations in the ambient cistern and
Sylvian fissures, which strongly suggested the diagnosis of ra-
cemose NCC. Moderate hydrocephalus was also present. The
patient was advised for VP shunt placement and is currently
on follow-up.

A 61-year-old male complaining of headaches for 3 days and
fever for 2 days came to our outpatient department. He had a
history of a right middle cerebral artery territory infarct in
January 2020. Clinical examination was unremarkable ex-
cept for a poor swallowing reflex. On T2W MRI, a hyperin-
tense multilobulated cystic lesion was detected in the right
Sylvian fissure (Figure 5A and B). It showed smooth periph-
eral enhancement (Figure 5C). Eccentric blooming focus rep-
resenting scolex was seen on susceptibility-weighted imaging
(SWI, Figure 5D). Scolex represent armed rostellum and body
of cysticercus, as larvae progress through different stages sco-
lex undergoes sequential changes and finally becomes calci-
fied in calcified nodular stage. In addition to showing cystic
lesions, the FIESTA image showed multiple thin septations in
the rest of the Sylvian fissure, suggesting a more extensive in-
volvement (Figure 5D and E). Based on imaging findings, a
diagnosis of racemose NCC was suspected. He showed im-
provement on conservative treatment and presently is on fol-
low-up.

Cysticercosis is considered one of the common helminthic
infections of the brain and a leading cause of acquired epi-
lepsy worldwide.* Clinical manifestations of NCC are highly
variable, with seizures being the most common presentation
mode. There may be focal neurological deficits, intracranial
hypertension, or cognitive decline. The onset of symptoms
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Figure 2. Axial T1-weighted image (A) showing a multiloculated cystic lesion in the pineal region with peripheral enhancement on the post-contrast
sagittal image. (B) Axial T2 and FIESTA—Fast Imaging Employing Steady-state Acquisition images show a multiloculated cystic lesion in the pineal

region (arrow).

Figure 3. Axial T2-weighted image (A) shows a multiloculated cystic
lesion along the roof of the third ventricle with further extension along the
undersurface of the corpus callosum. The axial FIESTA—Fast Imaging
Employing Steady-state Acquisition (B) image shows a better definition
with thin internal septations.

after the initial infection is variable, and it depends on the
cysts’ number, size, location, and the host's immune response
to the parasite.’

While the brain parenchyma is often considered the most
common location for NCC, a few studies suggest that the
subarachnoid-cisternal location may be more prevalent.®”
These studies argue that parasites' “parenchymal” location, as
described in cross-sectional imaging, may represent subarach-
noid cysticercosis located in deep sulci or in perforating
branches of perivascular spaces.'® Nonetheless, the distinction
between parenchymal and extraparenchymal location has sig-
nificant clinical and prognostic implications. The parenchymal
forms behave differently clinically and are more responsive to
anthelminthic medications than the subarachnoid forms.

Escobar classified the parenchymal NCC into four patho-
logical stages: vesicular, colloidal vesicular, granular nodular,
and calcified nodular.'" Imaging findings and clinical presen-
tation at each stage reflect underlying changes in the disease
process and host response.'”> Patient presentation ranges
from asymptomatic to encephalitis, depending on the disease
stage.>'*"> The importance of calcified granulomas with
perilesional oedema as foci of seizures and epilepsy in popula-
tions where cysticercosis is endemic is newly recognized. It
indicates that treatment with anti-inflammatory agents could
control or prevent epilepsy in these patients.'®



Axial T2-weighted image (A) shows dilated ambient cistern with
an indentation on the pons. Axial T2 image (B) shows dilated lateral
ventricles with widened sulcal spaces in the temporoparietal region. Axial
FIESTA—Fast Imaging Employing Steady-state Acquisition image (C)
revealed a cystic lesion in the ambient cistern, causing indentation on the
pons. In addition to the widening of sulcal spaces, the axial FIESTA—Fast
Imaging Employing Steady-state Acquisition image (D) shows
thin septations.

Conversely, racemose NCC develops due to the segmenta-
tion of cysticercosis cellulosae with the budding of new cysts
in clusters. These cysts grow slowly and expand in CSF
spaces such as ambient cistern, quadrigeminal cistern, and
Sylvian fissure. They are significantly larger than the paren-
chymal forms owing to the ample availability of the CSF
spaces (Figures 1-5). They lack the usual evolutionary stages
of the parenchymal NCC. Scolex, which represents rostellum
and body of a larvae, degenerates as cysts progress and finally
becomes calcified in the calcified nodular stage. A scolex is
considered as a hallmark feature of parenchymal NCC and is
frequently absent in racemose NCC as it degenerates.'’
Additionally, calcification, which is seen in the later stages of
parenchymal NCC, and peripheral enhancement in vesicular
and colloid vesicular stages of parenchymal NCC are also not
seen in racemose NCC. However, sometimes, the racemose
NCC can incite inflammation of surrounding tissues and may
show enhancement (Figures 2 and 5). This inflammatory re-
sponse can also cause vasculitis of the basal perforators, lead-
ing to infarcts.'®'’

On conventional MRI, these lesions appear isointense to
the CSF on all pulse sequences. Occasionally, they may show
hyperintense signal on T1WI and FLAIR compared to the
CSF due to their protein content.

When the ventricular system is involved, these cysts are fre-
quently mobile and can cause acute obstructive hydrocepha-
lus. Usually, they migrate from the lateral ventricle to the

third ventricle and the fourth ventricle through the sylvius ag-
ueduct.?® It often manifests as a solitary intraventricular cyst,
the fourth ventricle being the most common location. The
cyst wall may occasionally be seen as a thin linear structure
on T2-weighted imaging or demonstrate contrast enhance-
ment. They can cause ventricular deformity, enlargement,
and hydrocephalus.

Serological tests (enzyme-linked immunoelectrotransfer
blot assay, enzyme-linked immunosorbent assay) that detect
anticysticercal antibodies in serum or CSF inherently lack
specificity or sensitivity, thereby precluding their reliability in
isolation.® MRI is the primary diagnostic modality used for
the detection of cysticercus lesions and their secondary
complications.

A racemose NCC is more challenging to diagnose than a pa-
renchymal NCC. These lesions are often missed on routine
MRI of the brain owing to their signal, which is isointense to
CSF and absence of contrast enhancement of the cyst wall.*! In
the absence of a high index of suspicion, these lesions can be
simply dismissed as communicating hydrocephalus (if intraven-
tricular) or mistaken for other extraaxial cystic lesions (arach-
noid cysts, epidermoid cysts, etc.) owing to their multicystic
appearance.”® Hence, diagnosing an NCGC, especially the race-
mose variant, is a multidisciplinary approach that involves the
correct interpretation of the symptomatology, neuroimaging,
and serology in the proper epidemiological context.

Fast Imaging Employing Steady-state Acquisition is a
heavily 3D T2WI high-resolution gradient-echo sequence
routinely used to evaluate the inner and middle ear's struc-
tures and cerebellopontine angle lesions. In this sequence, the
residual transverse magnetization is refocussed to achieve a
steady magnitude of transverse and longitudinal magnetiza-
tion following a few repetition times (TRs). It significantly
increases the conspicuity of lesions in cisterns, sulci, and in-
traventricular spaces. The millimetre-thin sections, short TE
(limited signal loss resulting from magnetic susceptibility
effects), and low flip angle (limited T1WI) allow superb spa-
tial resolution and signal-to-noise ratio within a clinically fea-
sible acquisition time.”> CISS (constructive interference in
steady state) and DRIVE (Driven Equilibrium Radio
Frequency Reset Pulse) are similar sequences used by other
MRI manufactures.

As opposed to the T2W sequence, tissue contrast in
FIESTA sequences is determined by the T2/T1 ratio of the tis-
sues. It accentuates the contrast between the CSF and the sur-
rounding structures, including the lesion. In comparison
with conventional FLAIR or T2 sequences, this sequence
is significantly better at detecting NCC lesions in intraventric-
ular and extraventricular CSF spaces by allowing better
visualization of the cyst wall, internal septations, and
internal scolex.”?

As previously discussed, scolex is frequently absent in race-
mose NCC. However, anecdotal case reports have described
the presence of scolex on SWI sequences. This case series also
shows the presence of scolex in one patient.”!

The clinical presentation of racemose cysts is pleomorphic
and quite different from parenchymal cysticercosis. Studies
suggest that classification of the racemose NCC into menin-
geal, intraventricular, and cisternal forms can help us predict
the clinical progression in these patients.'® The meningeal
form refers to cases where the lesions are typically seen in the
cerebral convexities. This form of racemose NCC results in
raised intracranial pressure by causing meningitis and



Axial T2-weighted images show a cystic lesion in the right Sylvian fissure (A) with asymmetric prominence of the right Sylvian fissure (B). Axial
T1 image (C) showing smooth peripheral enhancement. The susceptibility-weighted image (D) shows a blooming focus in the cystic lesion, representing
a scolex. Axial FIESTA—Fast Imaging Employing Steady-state Acquisition (E, F) images better visualize the cystic lesion and additionally demonstrate

multiple thin septations in the widened right Sylvian fissure.

adhesions. It can also present with focal neurological deficit
due to entrapment of the cranial nerves in the inflammatory
exudate."® The intraventricular form refers to cysticercus
within the ventricular system. The cisternal form refers to ra-
cemose lesions within the basal cisterns. These forms can oc-
clude the CSF pathway causing acute episodes of
ventriculomegaly and a mass effect. They can also cause
hydrocephalous as a sequalae of ependymitis resulting from
the death of larvae.”* The blockage of CSF pathways result-
ing in raised intracranial tension and hydrocephalous is an
important determinant in the prognosis of these patients. We
propose the following imaging-based classification system to
help  prognosticate  these  patients and  decide
the management.

* Type 1A—Meningeal form without hydrocephalous.

* Type 1B—Meningeal form with hydrocephalous.

* Type 2A—Intraventricular form without hydrocephalous
* Type 2B—Intraventricular form with hydrocephalous.

* Type 3A—Cisternal form without hydrocephalous.

* Type 3B—Cisternal form with hydrocephalous.

* Type 4A—Present in more than 1 location without
hydrocephalous

* Type 4B—Present in more than 1
hydrocephalous

¢ The suffix + P to be used in the presence of associated pa-
renchymal NCC.

location with

The common differential diagnosis for subarachnoid NCC
includes arachnoid cysts, neuroglial cysts, and epidermoid
tumours. Like NCC, arachnoid cysts are located in the sub-
arachnoid space. However, they are unilocular and devoid of
septations and scolex. The neuroglial cyst can be intra- or
intraparenchymal, with the former being more common. Like
an arachnoid cyst, they lack septations. Ruptured hydatid
cysts can also be a differential for racemose NCC, especially
in areas with an endemic population. However, as hydatid
cysts are primarily intraparenchymal before rupture, there
may be some tell-tale evidence of their intraparenchymal lo-
cation before they rupture into extraaxial CSF spaces.
Moreover, positive hydatid serology will further be support-
ing evidence.”®* However, for the detection of all of these



cystic lesions in the CSF space, the FIESTA sequence is quite
promising since it provides excellent contrast between the
lesions and the CSF space.

Racemose NCC should be considered in the differential diag-
nosis of multiloculated, clustered cystic lesions involving
extraaxial CSF spaces.

We recommend routine inclusion of the FIESTA sequence
in the evaluation of cases of obstructive hydrocephalus or
any cystic lesion involving the extraaxial CSF spaces in an en-
demic region. Not only can this sequence demonstrate septa-
tions within the lesion as involving the subarachnoid spaces,
but it may also help in identification of the cyst in an intra-
ventricular location that otherwise remains occult on other
MRI sequences.

* Racemose NCC is distinct from parenchymal variant. It
infiltrates CSF spaces like basal cistern, Sylvian fissure,
and around brain stem.

* It often lacks scolex and does not show enhancement.

* It should be considered in the differential diagnosis of
multiloculated cystic lesions in extraaxial CSF spaces

* A heavily 3D T2WT high-resolution gradient-echo sequence
accentuates the contrast between the CSF and the surround-
ing structures, thereby improving lesion visibility.
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Written informed consent was obtained from the patients for
publication of this case report, including accompany-
ing images.
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