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Abstract
Background: Neurocysticercosis (NCC) is a common parasitic infection of the 
central nervous system, caused by the tapeworm Taenia solium. It is endemic to 
certain parts of the world, including Central America, South America, Asia, and 
Africa. The racemose form, characterized by extraparenchymal location, increased 
morbidity and mortality, and large loculated cystic lesions, is rarely seen in 
industrialized countries, such as the United States. The management of racemose 
neurocysticercosis (RNCC) differs from that of the typical parenchymal variant. 
The ideal course of treatment is debated by experts, but typically includes either 
surgical intervention with subsequent medical therapy or medical therapy alone.
Case Description: We present the case of a 34‑year‑old male diagnosed with 
RNCC and treated successfully with surgical cyst drainage, resection, and 
subsequent medical therapy.
Conclusion: Currently, no standardized evidence‑based protocol exists that dictate 
appropriate treatment for extraparenchymal or racemose NCC. We present a 
case of RNCC treated successfully with surgical and medical intervention. Further 
research encompassing well‑designed clinical trials is necessary to delineate 
appropriate and standardized protocols for treatment of this disease.
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INTRODUCTION

The pork tapeworm Taenia solium can cause two 
different infections in humans: intestinal taeniasis and 
cysticercosis.[14] The usual life cycle of T. solium involves 
an intermediate host in pigs and a definitive host in 
humans.[12] The adult stage of T. solium infection occurs 
in humans, resulting in an intestinal tapeworm (intestinal 
taeniasis) that produces eggs, which once ingested by 
the intermediate host, are responsible for the larval 
stage (cysticercosis).[10] The adult tapeworms in humans 
excrete eggs into the host’s feces, which are subsequently 
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ingested by pigs, developing into cystic forms within the 
pig’s muscles (cysticerci).[12] Humans ingest the infected 
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undercooked pork and the cysticerci develop into adult 
tapeworms within the human host.[12] In cysticercosis, 
humans become the accidental intermediate host after 
ingesting eggs excreted by other humans via a fecal‑oral 
route.[12] After ingestion of the eggs, the oncospheres 
hatch, penetrate the intestinal wall, and disseminate 
hematogenously to the muscles, central nervous system, 
eyes, and other locations.[12]

Central nervous system involvement, known as 
neurocysticercosis (NCC), occurs frequently in patients 
with cysticercosis, and is a common cause of new‑onset 
seizures in endemic regions.[20] The tapeworm is endemic 
in many developing countries, and while not endemic in 
the United States, it contributes to the burden of disease 
in patients who present with seizures or intracranial 
hypertension.[12] Recurrent seizures are the most common 
presentation, with 30–40% of patients seeking care 
for epilepsy in endemic countries having evidence of 
NCC.[12,14] Cysts can survive for many years without 
causing symptoms, but they can degenerate later in life, 
eliciting a host immune system response and a strong 
inflammatory reaction.[14] Edema around a degenerating 
cyst can be interpreted as the inflammatory response of 
the host towards the parasite. Disease severity and clinical 
symptoms are dependent on several characteristics of 
infection, including size, number, and location of cysts, 
as well as host immune response.[12]

Intraparenchymal NCC is the most common form 
and is most frequently associated with epilepsy.[12] In 
extraparenchymal NCC, parasitic cysts survive for a 
variable period of time in the ventricles or subarachnoid 
space, eventually undergoing a process of involution. This 
process, however, often results in local inflammation and 
mass effect.[14] Infrequently, cysts in the subarachnoid 
space appear as a large cluster of grapes, hence the 
term “racemose” NCC.[20] Racemose NCC (RNCC) 
is a less common form of NCC, defined by aberrant 
proliferation of cestode membrane and arising from 
segmentation of cysticercosis cellulosae, with the 
development of new cysts following degeneration of 
the scolex.[7] They are thus abnormal growths of cystic 
membranes without a scolex that occur in and around 
the brain.[18] The subarachnoid (cisternal) form, which 
includes the racemose variant, is exceedingly rare and 
even less frequently encountered outside of endemic 
regions.[18] RNCC is clinically more aggressive than 
the parenchymal variety and is found primarily in 
subarachnoid locations.[12] Clinical manifestations include 
hydrocephalus, mass effect, chronic meningitis, seizures, 
cerebral vascular accident, reversible dementia, and 
cranial neuropathy.[12] The cisternal and ventricular forms 
of NCC may be missed by  CT scans, but can be visualized 
on MRI with T2‑weighted or FLAIR sequences.[18] The 
3D MRI sequences, such as the Fast Imaging Employing 
Steady‑state Acquisition (FIESTA) sequence, seem 

to have the highest sensitivity for identifying the cyst 
membrane within CSF spaces.[6] Microscopic evaluation 
of RNCC reveals cysticercal decay with cyst enlargement 
and hydropic changes without scolices.[7] The vesicle wall 
is convoluted with external bulbous projections.[7]

Treatment for parenchymal NCC typically consists 
of anti‑parasitic drugs for viable brain cysts; however, 
appropriate therapy for RNCC is debated. Some experts 
have suggested open or endoscopic surgery when possible, 
with the goal of cyst removal, combined with oral 
anti‑parasitic treatment.[12] In this case, after consultation 
with two international experts, we elected to offer surgical 
excision based on the size and the location of the lesion. 
We believed that surgical excision would provide the best 
chance for achieving a cure.

CASE REPORT

History/Pertinent findings
A 34‑year‑old right‑handed Hispanic male presented 
initially to an another hospital after a new‑onset 
generalized seizure while driving. He emigrated from 
Mexico 15 years prior to presentation and has not 
returned for 6 years. He traveled to many states around 
the US for work, including Texas, Louisiana, Virginia, 
Florida, and Nebraska, but has lived in Alabama for 
the last 11 years. On admission to an outside hospital, 
he underwent CT head and subsequent MRI brain, 
which revealed a multi‑lobulated cystic lesion of the left 
fronto‑temporal region. A lumbar puncture was performed 
with cerebral spinal fluid (CSF) labs, culture, cytology, 
and flow cytometry; all of which were unremarkable. He 
was evaluated by an outside neurologist and started on 
oral phenytoin for seizure control. He was subsequently 
discharged with follow‑up at our facility for further 
management.

Upon evaluation in clinic, he had no focal deficits on 
neurological examination. Imaging from the another 
hospital was reviewed. The CT head non‑contrast 
showed a large left fronto‑temporal multi‑lobulated cystic 
lesion ~6.5 cm × 4.5 cm × 4 cm in size and primarily 
centered around the sylvian fissure, causing significant 
mass effect and 0.5 cm midline shift. Calcifications 
were present in the central confluence of the cysts. The 
largest cyst cavity was in the left temporal lobe and did 
not appear to communicate with the temporal horn. The 
MRI brain, with and without contrast with T2‑weighted 
sequences, revealed high intensity within the cyst, similar 
to CSF [Figure 1]. FLAIR sequences showed minimal 
increased signal in the cyst walls.  Diffusion‑weighted 
imaging (DWI) sequences showed no increased diffusion 
restriction. Contrast‑enhanced imaging showed no 
peripheral enhancement of the lesion. Serology for serum 
cysticercosis IgG antibodies was positive.
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Surgical treatment
The patient was treated with dexamethasone 8 mg 
intravenously every 8 hours on the day prior to surgery and 
his home phenytoin dose was continued. The CT of his 
chest, abdomen, and pelvis with contrast were obtained 
to rule out other possible diagnoses on the differential, 
including metastatic disease and hydatid cysts; this was 
unremarkable. The patient was taken to the operating 
room the following day for surgery and pre‑treated 
with 10 mg of dexamethasone intravenously. A large 
left pterional craniotomy was performed to sufficiently 
expose portions of the left frontal and temporal lobes, 
as well as the sylvian fissure (see supplemental video). 
Upon opening the dura, discoloration was noted in the 
superficial pia and arachnoid layers, consistent with 
chronic inflammation. Stealth navigation was used to 
plan a trajectory into the anterior and inferior portion 
or the large temporal cyst and a Touhey needle was 
inserted through the middle temporal gyrus to aspirate 
cyst contents, of which 6 mL of clear fluid was obtained. 
This was performed prior to further dissection to allow 
for relaxation of the brain. A sylvian dissection was 
performed, during which the cyst began to evaginate on 
its own [Figure 2a and b]. Gentle traction was applied 
to the cyst, which resulted in intra‑operative rupture, 
spilling the cyst contents within the subarachnoid 
space [Figure 2c]. Copious irrigation was used to clear the 
cyst fluid and the patient was administered a second dose 
of 6 mg dexamethasone intravenously. With completion 
of the sylvian dissection, the cyst complex was removed 
en bloc with no intra‑operative evidence of residual 
lesion [Figure 2d]. A post‑operative neurological exam 
revealed no neurologic or speech deficits. Non‑contrast 
CT head and MRI brain with and without contrast were 

obtained on post‑operative day 1, which showed expected 
encephalomalacia surrounding the resection cavity, with 
no evidence of residual lesion [Figure 3].

Postoperative course
Post‑operatively, the patient was started on a 14‑day course 
of oral albendazole 400 mg twice daily. He was discharged 
from the hospital on post‑operative day 5 without 
complications. He was treated with dexamethasone while 
undergoing oral anti‑parasitic therapy and discharged 
on a slow steroid taper. He remained on his admission 
dose of phenytoin at discharge. On scheduled outpatient 
follow‑up, he felt well. Surveillance CT head revealed 
stable left fronto‑temporal encephalomalacia and no 
evidence of recurrence [Figure 4].

Pathological findings
Neuropathology was consistent with neurocysticercosis in 
racemose cyst formation [Figure 5]. Grossly, the specimen 
consisted of tan‑white membranous tissue measuring 
3.7 cm × 2.5 cm × 0.6 cm. Microscopic examination 
demonstrated a cyst structure larger than a classic cysticercus 
cyst, exhibiting multiple convolutions and foldings with 
rounded protusions at the surface of the tegument. The 
surface lining exhibited relatively well‑preserved microtriches 
resembling microvilli. Within the inner reticular layer, 
several small oval or circular calcified bodies (calcareous 
corpuscles) were present. Scolices and rostellum (hooklets) 
were not present within this specimen, which is consistent 
with the racemose cyst variant.

DISCUSSION

There is abundant medical literature on the treatment 
of NCC in general, however, the racemose form of NCC 

Figure 2: Left craniotomy and sylvian fissure dissection is shown. 
(a) Evagination of the cyst wall with initial sylvian dissection. 
(b) Gentle traction is applied to the cyst to aid in removal. (c) The 
cyst ruptures during the process of removal. Copious irrigation 
was performed to clear cyst contents and the patient was given 
another dose of dexamethasone. (d) Gross specimen of multi-cystic 
racemose neurocysticercosis after en bloc resection
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Figure 1: Pre-operative MRI brain with and without contrast was 
obtained prior to intervention, showing a large left multi-lobulated 
cystic lesion, causing significant mass effect and midline shift. The 
cyst contents appears isointense to CSF on MRI imaging. No 
evidence of enhancement was evident on contrasted imaging. 
Sequences are as follows: (a) Axial T2 sequence, (b) Axial FLAIR, 
(c) Axial with contrast, and (d) Coronal with contrast
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is less commonly encountered, thus limited literature 
and no evidence‑based guidelines exist discussing the 
appropriate treatment of this enigmatic and deadly 
disease.[3,4,17,25] In the past few decades, management of 
patients with NCC using anti‑parasitic drugs, improved 
anti‑inflammatory treatments, and minimally invasive 
neurosurgery has improved the prognosis of those 
infected with T. solium.[9,12] Prognosis, however, varies 
in relation to the location and burden of parasites, with 
subarachnoid and intra‑ventricular NCC exhibiting 
higher morbidity and mortality.[12]

Diagnosis
Diagnosis of extraparenchymal neurocysticercosis can be 
difficult, given that histological confirmation is often not 
possible without surgical intervention, and is typically 
based on imaging and serologic findings.[10] Recently, 
consensus diagnostic criteria was established and validated 
to help confirm the diagnosis of extraparenchymal 
NCC. The criteria are as follows, with one criteria being 
sufficient for diagnosis: an extraparenchymal cyst with 
pathologic diagnosis; at least one extraparenchymal cyst 
on MRI with special sequences exhibiting a scolex; or 
at least one cyst on MRI without a scolex exhibiting at 
least two of the following: hydrocephalus, inflammatory 
CSF pattern, positive immunologic testing, or presence 
of calcifications.[5] Sensitivity of diagnosis using these 
criteria, specifically for the extraparenchymal form, still 
appears relatively low at 65.9%.[5] Imaging findings of the 
subarachnoid and ventricular variants are often subtle, 
given that cysts have a similar density to CSF and may 
not be easily visualized on CT or MRI.[10,18] This is not 
typically an issue with the racemose variant, as imaging 
typically shows a large multi‑lobulated cystic lesion exerting 
mass effect and midline shift.[19] CT imaging may detect 
calcifications if the cysts are older and dormant, but is 
of little use to differentiate RNCC from other possible 

intracranial lesions.[18,19] MR imaging remains the modality 
of choice, as T2, FLAIR, and FIESTA sequences can more 
easily distinguish cysts within the subarachnoid space or 
ventricles.[6,18,19] Cyst walls may show contrast enhancement, 
but this is dependent on the amount of inflammation 
associated with the lesion, and may not enhance at all in 
dormant lesions with little associated inflammation.[18,19]

Serological studies detect antibodies to the T. solium 
within serum or CSF. The best serological test for 
NCC is the enzyme‑linked immunoelectrotransfer 
blot (EITB) assay to detect serum antibodies, with 
sensitivity reported around 98% for patients with two 
or more live parasites.[12] Sensitivity, however, is lower 
in patients with one intracranial cysticercus (50–60%), 
thus a negative test cannot preclude diagnosis.[12] 
Enzyme‑linked immunosorbent assay (ELISA) is also an 
option for testing both CSF and serum, and has a high 
sensitivity (89%) and specificity (93%) in CSF, similar to 
EITB.[12] Both studies may falsely be negative in patients 
with few cysts or calcified (dormant) lesions, but this 
has not been validated with RNCC specifically.[12] 
Cisternal forms, such as the racemose variant, are more 
easily detected in CSF than the typical parenchymal 
form, given their location and association with CSF 
spaces.[12,21]

Medical therapy
While guidelines exist regarding the management of NCC in 
general, there is no consensus on the management of RNCC 
regarding both surgical and medical means.[11,22,24] Typical 
medical treatment involves management of symptoms and 
associated disease sequelae, such as seizures and edema, 
as well as anti‑parasitic therapy. First line anti‑epileptic 
drugs should be used for seizures during periods of active 
infection and kept for at least 2 years in the case of seizures 
caused by inactive or calcified lesions.[26] Peri‑lesional 

Figure 4: Surveillance CT head non-contrast was obtained during 
routine clinic follow-up at 1.5 months post-operation. Imaging shows 
residual encephalomalacia in the left fronto-temporal lobes, with 
no evidence or cyst recurrence or enlargement

Figure 3: MRI brain with and without contrast was obtained on 
post-operative day 1. Residual encephalomalacia is noted in the 
location previously occupied by the cyst. (a) Axial T2 sequence, 
(b) Axial flair, (c) Axial with contrast, and (d) Coronal with contrast
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brain inflammation is present in almost all cases of NCC 
and initiation of anti‑parasitic drugs can lead to an acute 
inflammatory episode.[12] Dexamethasone at 0.1 mg/kg/day 
should be given 1 day before anti‑parasitic cysticidal therapy 
and maintained for 1–2 weeks, followed by a slow 
taper.[12] The most common anti‑parasitic drugs include 
albendazole at 15 mg/kg/day for 8–30 days or praziquantel 
at 50 mg/kg/day for 2 weeks.[12] The parasiticidal efficacy of 
an initial course of either agent only decreases the number 
of viable parasites by 60–70%, with only 30–40% of patients 
achieving full clearance.[11] Gongorga–Rivera et al. advocate 
for higher dosages of albendazole at 30 mg/kg/day for 
extraparenchymal NCC, which showed better cyst reduction 
at 60 and 180 days than the 15 mg/kg/day dosing scheme.[13] 
Recently, Garcia et al. has shown that the combination of 
albendazole and praziquantel is more effective in destroying 
viable brain intraparenchymal cysticercosis cysts than 
albendazole alone.[11] Proaño et al. also showed significant 
cyst involution treating racemose NCC with extended 
albendazole treatment alone and no surgical intervention for 
cyst aspiration and resection.[22] Of note, Fleury et al. suggest 
that treatment with both albendazole and praziquantel 
is less effective in the extraparenchymal form than in the 
intraparenchymal form, and even high dose albendazole 
treatment (30 mg/kg/day) may not be curative even with 
several cycles of treatment.[9]

Surgical therapy
Surgical therapy for RNCC remains controversial. Some 
authors advocate for surgical intervention for resection, 
either through open surgical or endoscopic approaches, 
dependent on cyst location.[2,7,8,23,24,27,29] Others, however, 
advocate that medical treatment alone is sufficient for 
treatment of RNCC.[22] The deciding factor for medical 
or combination therapy relates to the availability of 

local expertise, overall condition of the patient, and the 
severity of associated sequelae, such as hydrocephalus, 
mass effect, and seizures.[12] Endoscopic approaches 
remain the best option for intraventricular or skull base 
lesions, given the difficulty accessing these locations 
through open surgical approaches.[7,23] Open surgical 
approaches can easily access lesions within the sylvian 
fissure and convexity subarachnoid spaces.[23] The cyst 
typically delivers easily with minimal traction, as it did in 
our case, although significant adhesions to vasculature or 
pia caused by local inflammation have been reported and 
must be considered prior to intervention.[23]

Intra‑operative cyst rupture
One of the possible risks of operative intervention for 
RNCC is the possibility of intra‑operative cyst rupture. 
This can cause an acute and often fatal inflammatory 
response, which given the subarachnoid location of the 
racemose form, puts the patient at risk for vasospasm 
and stroke.[1,8,9,15,16] Several authors, however, report few 
complications from intra‑operative cyst rupture in patients 
treated with appropriate steroids and with irrigation of 
ruptured contents.[8,23,29] Seeding of cysticercosis parasites 
to distant locations after intra‑operative cyst rupture is 
not a concern, due to a lack of daughter parasites within 
the cyst. This is in contrast to hydatid cysts, which are 
filled with daughter organisms that can seed other 
locations.[28,29]

In our patient, we chose open surgical removal given 
the low chance of success with medical therapy alone, 
the accessible location of the lesion, and extreme 
amount of mass effect and midline shift caused by it. 
Dexamethasone therapy was initiated given evidence of 
peri‑lesional edema on MRI and associated mass effect. 
Treatment with pre and postoperative steroids, as well 
as intra‑operative irrigation proved sufficient in avoiding 
the inflammatory sequelae of cyst rupture. It is likely 
that rupture was unavoidable in this particular case and 
may have simply been due to the initial decompression 
of the cyst with a Touhey needle, which proved necessary 
to provide the needed decompression to safely attempt 
sylvian dissection. A generous craniotomy to expose 
the affected area also proved to be essential in safe 
resection. Albendazole mono‑therapy was chosen, as it is 
a common treatment for NCC, although recent studies 
have shown efficacy with albendazole and praziquantel in 
combination, and may be also considered as an option.[11]

CONCLUSIONS

Racemose NCC remains a less common form of 
NCC and is an especially difficult disease to treat. No 
consensus exists on the proper treatment protocols for 
this particular variety of NCC. Further study is needed 
to define a consensus standard of care for patients with 
this entity. We present a case of RNCC in a non‑endemic 

Figure 5: The cuticular layer (black arrow) shows an outer portion 
with a convoluted appearance of rounded protrusions (“knobs”) 
and microtriches on the surface. The cellular layer (white arrow) 
is comprised of a syncytium of cell bodies with uniform nuclei. The 
inner reticular layer contains loosely arranged fibrils, calcifications 
(arrowheads), as well as excretory canaliculi (asterisks). H & E stain, 
400X magnification
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region treated successfully with both open surgical and 
medical therapy, as well as management of intra‑operative 
cyst rupture.
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