
Cysticercosis of the CNS is an infestation with Cysti-
cercus cellulosae, the larval form of Taenia solium. Be-
cause of migration, infection is worldwide and represents
the most frequent parasitosis of the CNS. As a transmissi-
ble disease, its high incidence reflects the poor basic san-
itation conditions of a population, and it should be con-
sidered a hallmark of underdevelopment.14 Humans are
usually the definitive host of T. solium, which lives in the
intestines. The proglottids of the parasite are passed with
human feces and break open in the external medium,
releasing a high number of eggs. Pigs normally ingest the
eggs; in the acid and enzymatic conditions of the stomach,
the embryophore dissolves and the oncosphere, by the ac-

tion of the bile and digestive enzymes, is activated and lib-
erated after tearing the oncospheral membrane. The hexa-
canthous embryo invades the intestinal mucosa, enters the
lymphatic or blood circulation, and finally establishes
itself mainly in the CNS, muscles, subcutaneous tissue,
and eyes. The embryos develop into a metacestode called
C. cellulosae, which is a cystic organism composed of a
complex wall surrounding a cavity that contains vesicular
fluid and a scolex. Humans acquire T. soliumby ingestion
of pork infested with C. cellulosae. In the digestive tract
the metacestode finds suitable conditions to evaginate and
develop into the adult tapeworm, thus completing its nat-
ural evolutionary cycle. Humans acquire cysticercosis
when infested with C. cellulosae. Infestation may occur
by self-infestation (with eggs eliminated by the intestine
of the individual himself) or by heteroinfestation (inges-
tion of vegetables or water contaminated with eggs passed
by other persons), which represents the most important
epidemiological form by which the disease is acquired. 
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Object.Cysticercosis is the most frequent parasitosis of the central nervous system. Although anticysticercal drugs
have proven efficient in some cases, many patients with NCC require palliative, occasionally curative, surgical proce-
dures. The authors analyzed the data and prognostic factors obtained during the follow-up period (range 1–255 months,
median 38 months) in 160 patients with cerebral cysticercosis who underwent surgical treatment.

Methods.Different surgical approaches were indicated to control increased intracranial pressure (ICP) in most
patients, and some patients had undergone decompressive surgery for local brain lesions. Most patients required more
than one surgical procedure. Statistical analysis was performed using the Fisher exact, the log-rank, and the
Kruskall–Wallis tests. Survival curves were calculated according the Kaplan–Meier method. The removal of a giant
cyst from the parenchyma or cisterns for relief of increased ICP and for chiasm/optic nerve decompression improved
most symptoms in patients. The removal of ventricular cysts was effective in the control of increased ICP in most
patients. Patients with a ventricular cyst and ependymitis/arachnoiditis required placement of a ventriculoperitoneal
(VP) shunt after the cyst was removed. This therapy effectively controlled increased ICP. Patients younger than 40
years of age at the time of treatment and male patients had worse outcomes. The outcome in patients who underwent
VP shunt surgery or shunt surgery combined with reservoir implantation was worse than that in those who underwent
cyst removal alone. Shunt-related infection was the most frequent complication, and the global mortality rate during
the follow-up period was 21.2%. Although both complications were more frequent in the first 2 postoperative years,
they occurred at any time.

Conclusions.Long-term prognosis in patients with cerebral cysticercosis who required surgery was not good. Cysts
located in the basal cisterns and patient age younger than 40 years were poor prognostic factors.
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Abbreviations used in this paper:CNS = central nervous system;
CSF = cerebrospinal fluid; CT = computerized tomography; ICP =
intracranial pressure; MR = magnetic resonance; NCC = neurocys-
ticercosis; PFC = posterior fossa craniectomy; SD = standard devi-
ation; TCA = transcallosal approach; VP = ventriculoperitoneal.
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In developing countries, NCC is important not only be-
cause of its frequency but also because of high morbidity
and mortality rates associated with it, especially in cases
in which it progresses to increased ICP.17,18 In our region,
NCC has been observed in 2.7 to 7.5% of patients hospi-
talized with neurological dysfunction.1,58 In our hospital
35.6% of these patients presented with increased ICP.58

Despite the development of medications, such as prazi-
quantel and albendazole, that can provoke degeneration
of cysticerci, recent experience2,12,27,28,44,49,51,52,54,57,59,62has
shown that their efficacy is more marked in cases in which
active cysts are present in the brain parenchyma. Their
effect on ventricular or cisternal cysts has been report-
ed,27,28,44but there is no consensus regarding their efficacy
in these situations. Furthermore, the use of these medica-
tions does not prevent the occurrence of complications
such as hydrocephalus requiring surgical treatment. For
this reason, a considerable number of patients with NCC
require surgical procedures that are usually palliative but
may sometimes be curative.

The present report is based on the 22-year experience of
the Division of Neurosurgery of the Hospital das Clínicas,
Ribeirão Preto Medical School, University of São Paulo,
in the surgical treatment of patients with NCC as well as
on review of the pertinent literature.

Pathological Anatomy

The hexacanthous embryo reaches the CNS, particular-
ly through the bloodstream, stopping in the brain paren-
chyma by occluding a capillary. After actively crossing
the capillary wall, the embryo reaches the interstitial space
where it evolves to the cystic form, transforming into C.
cellulosae.30 The infestation of the ventricles is attributed
to active passage of hexacanthous embryo through the
capillaries of the choroid plexus,30 immediately followed
by their transformation into cysticerci. Within the ventri-
cles, depending on its size, the cysticercus is carried by the
CSF to the subarachnoid space. Controversy exists regard-
ing the direct arrival of the hexacanthous embryo in the
subarachnoid space or the ventricles through meningeal or
subpial vessels.30 After becoming established in the CNS,
C. cellulosaebegins to grow, usually reaching 4 to 20 mm
in widest diameter when located inside the brain paren-
chyma. The cysticerci developing in the ventricles or in
the subarachnoid space usually reach a larger size and
often take on the form of C. racemosus, which is char-
acterized by a membrane of irregular thickness, the ab-
sence of a scolex, and usually being clustered in multiple
vesicles generally interconnected, resembling a raceme.
Although racemose cysts are frequently observed in ven-
tricles and cisternae, they may also occur in the brain par-
enchyma.20

The cysticerci present a natural evolutionary process
that culminates with their degeneration within a period of
approximately 2 to 5 years.30 This process starts after the
transformation of the hexacanthous embryo into the cys-
ticercus (live or active cyst [vesicular stage]), followed by
a stage in which the cyst begins to undergo degenerative
changes characterized by thickening of the membrane and
replacement of the clear fluid with a whitish gel (degener-
ating cyst [colloidal stage]); with the progression of this
process the wall continues to become thicker and the gel

undergoes calcium deposition (granular stage), and final-
ly the cyst becomes completely calcified, being reduced to
one third or one fourth of its original size (calcified nodu-
lar stage).

The host's reaction to the cysticercus30,53 is character-
ized by an inflammatory process around the parasite, sim-
ilar to a granulomatous reaction to a foreign body. The
inflammatory reaction to the cysticercus is related to the
phase of cyst development and is less intense during the
cystic or active phase, becomes more marked when the
cyst starts to degenerate, and progressively declines until
the cyst becomes calcified. The intensity of the inflamma-
tory reaction depends on the parasite–host interaction in
the nervous system.30,53 The inflammatory reaction trig-
gered by cysts in direct contact with CSF of the ventricles
and subarachnoid space may extend to other sites and
provoke extensive areas of inflammation. During this
process, clinical manifestations become acute and in-
creased numbers of cells and higher protein levels, as well
as the presence of immunodiagnostic criteria, are found
in the CSF.

CLINICAL MATERIAL AND METHODS

Patient Population

In this study we analyzed data obtained in 160 con-
secutive patients with cerebral cysticercosis who under-
went surgery performed primarily by the same surgeon
(B.O.C.) in the Division of Neurosurgery, Hospital das
Clínicas, Ribeirão Preto Medical School, University of São
Paulo, between January 1980 and December 2001. Indi-
cations for surgery were to control elevated ICP, to re-
move cysts causing local compression, and, rarely, to ob-
tain diagnosis. The clinical courses of these patients were
retrospectively and/or prospectively analyzed. Treatment
and results for some of these patients have been previous-
ly reported.17,18 In this article we focus on the entire group
and analyze the long-term follow-up data and the prog-
nostic factors obtained in these patients.

Clinical Features and Examinations

Diagnosis of cerebral cysticercosis was made by under-
taking CSF evaluation and/or neuroradiological examina-
tions (ventriculography, CT scanning, CT cisternography,
CT ventriculography, and MR imaging of the skull), intra-
operative evaluation, and histopathological examination.
One or more CSF samples were studied during different
periods of the disease in 138 patients (86.3%). Pleocytosis
with more than 2% eosinophils81 was found in 12 patients
(7.5%); antigen/antibody tests (complement fixation test,
indirect immunofluorescence test, and enzyme-linked im-
munosorbent assay) were positive in 57 (35.6%) patients;
and eosinophils and positive antigen/antibody tests were
found in 31 patients (19.4%). The neuroradiological crite-
ria for the diagnosis of NCC were the presence of two or
more calcifications on CT scanning, two or more cysts on
CT scanning, images suggesting cysts on ventriculogra-
phy/CT ventriculography, inflammatory obstruction of the
aqueduct or fourth ventricle on ventriculography in adult
patients coming from an endemic area, and identification
of cysts on MR imaging (Figs. 1–4). Diagnosis was deter-
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mined based on CSF changes in 10 patients (6.3%), neu-
roradiological features in 16 patients (10%), CSF changes
and neuroradiological features in 41 patients (25.6%), neu-
roradiological features and intraoperative findings (Figs.
1, 2, and 4) in 38 patients (23.7%), and on CSF changes,
neuroradiological features and intraoperative findings in
55 patients (34.4%). Diagnosis was confirmed at autopsy
in five patients. Thirteen patients had previously under-
gone placement of a VP shunt at another institution. 

Patient age at the onset of the disease ranged from 11 to
70 years; 117 patients (73.1%) were 20 to 50 years of age
and 82 (51.3%) were 20 to 40 years old (mean 36.7 �
13.9 [� SD] years, median 35 years). Eighty-six patients
(53.8%) were male and 74 were female (46.2%) (male/
female ratio 1.16:1). There was no significant age differ-
ence between males and females (p = 0.5760, df = 1 [Fish-
er exact test]).

Duration of symptoms on admission ranged from 1.5
hours to 17 years (81.9% of patients had experienced
symptoms for � 1 year; 73.8% for � 6 months; 38.1% for
� 1 month; and 9.4% for � 1 day). Clinical manifes-
tations at the onset of disease are summarized in Table 1.
The most common signs and symptoms were those caused
by intracranial hypertension followed by gait disturbance,
seizures, and dizziness/vertigo. Signs of increased ICP
were present in 155 patients (96.9%) and intracranial hy-
pertension was caused by hydrocephalus in 134 patients
(86.5%), cerebral edema (cysticercal encephalitis or pseu-
dotumoral form) in one patient (0.6%), giant cysts behav-
ing as expansive lesions (tumoral form) in 12 (7.7%), and
combined giant cysts and hydrocephalus in eight (5.2%),
for a total of 142 patients (91.6%) with hydrocephalus and
20 (12.9%) with the tumoral form. Ten remaining patients
exhibited signs of local compression (five with hemipare-
sis and/or seizures and five with optoquiasmatic compres-
sion). Five patients also presented with signs of spinal
cord, radicular, or cauda equina compression associated
with signs of intracranial involvement. Patients with spi-
nal cord/radicular/cauda equina signs in whom there was

no clinical evidence of brain disease were excluded from
this review. All patients except those in whom precocious
death occurred attended follow-up examinations for at
least 1 month at our institution after discharge from the
hospital. The patients were followed at intervals of ap-
proximately 6 months.

Computerized tomography of the skull was performed
in all patients at least one time during the follow-up peri-
od, and it confirmed the diagnosis in 89 cases (those with
calcifications and hypodense, enhanced, and annular en-
hanced nodules [cyst in different phases of evolution], and
giant cysts). Additionally, in several patients CT scanning
demonstrated hydrocephalus and rounded deformations of
the ventricles, suggesting the presence of cysts, a fact that
was not always confirmed by ventriculography. Contrast
enhancement along the wall of the fourth ventricle was
observed in only four patients, suggesting the presence of
degenerating cysts adhering to the ventricular wall, as
confirmed intraoperatively.

Magnetic resonance imaging of the brain was per-
formed in 20 patients and, in addition to hydrocephalus, it
revealed identification of parenchymal and cisternal cysts
in several cases as well as direct (Fig. 2) or indirect evi-
dence of fourth ventricular cysts in other cases (observed
as a rounded dilation of this cavity).

When CT and/or MR imaging indirectly suggested the
presence of a cyst within a ventricle or the basal cisterns,
ventriculography, CT ventriculography, and/or CT cister-
nography was performed. Ventriculography confirmed the
diagnosis of intraventricular cysts in 30 cases (Fig. 4) and
CT ventriculography in 10, and CT cisternography dis-
closed cisternal cysts and/or fourth ventricle cysts in 10
patients (Figs. 1 and 3).

Disease Management

Medical Treatment. Thirty-six patients received anti-
cysticercal drugs (praziquantel and albendazole in 18
cases each). Twenty-two patients underwent medical ther-
apy before surgery and 14 after surgery. In eight patients
only hydrocephalus was found on CT scanning before
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Fig. 1. Axial MR images. Noncontrast (left) and contrast-en-
hanced T1-weighted (right) images of the brain revealing several
cysts in the parenchyma, cisterns (prepontine and lamina quadri-
geminal) and lateral ventricle. The cysts are compressing and dis-
torting the brainstem, and a degenerating cyst is found in the right
frontal lobe (right).

Fig. 2. Axial contrast-enhanced T1-weighted MR image of the
brain obtained in a patient with progressive right hemiparesis, re-
vealing a giant cyst starting to degenerate (contrast enhancement in
its wall) in the left parietal region; some mass effect on the adjacent
gyrus and a degenerating cyst in the right frontal pole can be seen.
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medical treatment and in one only edema was observed
(pseudotumoral form). The remaining 27 patients har-
bored cysts in the parenchyma, ventricles, and/or cisterns
(23 with parenchymal cysts, 16 with cisternal cysts, and
five with ventricular cysts). Most of these patients were
treated by Dr. Takaynagui, and the results of the medi-
cal treatment of patients with NCC have been already
reported.57,59

Surgical Treatment. Surgical treatment was performed
to control increased ICP in 135 patients, to treat intracra-
nial hypertension and local brain compression in 20, and
to treat local brain compression alone in five. Increased
ICP was caused by hydrocephalus in 134 (83.8%) of 155
patients, intracranial space-occupying lesion (tumoral
form) in 12 (7.7%), hydrocephalus and giant cysts in eight
(5.25%), and pseudotumor cerebri (pseudotumoral form)
in one case. Based on the pathophysiological mechanisms
of intracranial hypertension detected on conventional CT
scanning, ventriculography, CT cisternography, CT ven-
triculography, and/or MR imaging, different surgical
approaches were indicated. In patients harboring tumoral
lesions a direct approach was performed and the cyst
removed; in those with pseudotumoral form refractory to
clinical treatment for increased ICP, we undertook decom-
pressive craniectomy and direct removal of ventricular/
cisternal cysts and/or placed a VP shunt in those with
hydrocephalus. Fifteen patients had undergone 16 previ-
ous operations elsewhere (15 VP shunt surgeries and one
posterior fossa craniectomy), and 248 surgical procedures
(241 in 145 patients) were performed at our institution.
Fifty-one patients underwent one procedure, 55 two, 26
three, and 28 underwent four or more surgical procedures;
a total of 280 surgeries were performed in the 160 patients
(1.75 procedures/patient). Operations included the im-
plantation of 68 reservoirs for transient control of in-
creased ICP or to perform ventriculography/CT ventricu-
lography (57 as the first procedure and 11 as an additional

procedure); 105 VP shunt procedures (56 as the first pro-
cedure and 49 as an additional procedure); 49 PFCs for
exploration of the basal cisterns and/or fourth ventricle (11
as the first procedure and 38 as an additional procedure);
25 supratentorial craniotomies for removal of cisternal
cysts (five causing compression of the optic nerve/chiasm
and 12 giant cysts causing intracranial hypertension) and
for eight giant parenchymal cysts (22 as the first proce-
dure and three as an additional procedure); 17 TCA pro-
cedures to the interhemispheric fissure and to the third
and/or lateral ventricles for cyst removal (seven as the first
procedure and 10 as an additional procedure); nine endo-
scopic approaches to the ventricles for cysts removal (six
as the first procedure and three as an additional proce-
dure); three laminectomies as additional procedures; two
hypothalamic ventriculostomies with catheter placement
(one as the first procedure and one as an additional proce-
dure); one subfrontal craniotomy to repair a CSF leak
(first procedure); and one bilateral temporal decompres-
sive craniotomy (first procedure).

Patients who underwent surgery for the control of in-
creased ICP were classified as improved when there was
full remission of clinical signs of increased ICP; un-
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Fig. 3. Images obtained in a patient with intermittent increased
ICP. Left: A CT cisternography scan demonstrating a cysticercus
in the fourth ventricle delineated by contrast.Right: Intraop-
erative photograph of the posterior fossa obtained with the patient
in the sitting position. A free active cysticercal cyst descends from
the foramen of Magendie. Note that the cyst membrane is trans-
parent, and its fluid content is colorless, and there is no associated
arachnoiditis. 

Fig. 4. Contrast-enhanced axial (left) and sagittal (right) T1-
weighted MR images of the brain. The fourth ventricle is enlarged
and the membrane rounded. The scolex of the cyst is seen as an
area of increased signal intensity in the inferior part of the ventri-
cle (right).

TABLE 1
Summary of the most frequent initial signs and symptoms

in 160 patients with cerebral cysticercosis

No. of
Signs and Symptoms Patients (%)

headache 119 (74.4)
nausea/vomiting 75 (46.9)
papilledema 72 (45.0)
gait disturbance 41 (25.6)
hemiparesis 13 (8.1)
crural paraparesis 6 (3.8)
quadriparesis 3 (1.9)
pyramidal signs 6 (3.8)
seizures 36 (22.5)
dizziness/vertigo 35 (21.9)
blurred vision 25 (15.6)
decreased vision 14 (8.8)
somnolence 21 (13.1)
loss of consciosuness 10 (6.3)
mental confusion 18 (11.3)
neck stiffness 17 (10.6)
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changed when signs of intracranial hypertension persisted
despite surgery; and worsened when the surgical proce-
dure or its complications resulted in worsening of the clin-
ical picture or in death. Several patients who were consid-
ered improved at final evaluation required one or more
shunt revisions and others continued to experience dis-
ease-related neurological sequelae, usually some form of
visual dysfunction.

Patients in whom the cyst was excised in the opticochi-
asmatic region underwent subjective and/or objective ex-
aminations to determine visual function pre- and postop-
eratively and were classified as improved or unchanged.

Patients in whom intraventricular or parenchymal giant
cysts were excised underwent evaluation for signs of in-
crease ICP and for the course of the clinical signs result-
ing from the lesion’s local compression and mass effect.

The quality of survival was considered good when the
patient was able to return to work, moderate when he was
capable of performing his daily activities, and poor when
he was confined to his bed. Surgery-related mortality was
considered to be early when death occurred during the
first 30 days postoperatively, and “late” when it occurred
after the 30th postoperative day.

Statistical Analysis

Statistical analysis was performed using the Fisher ex-
act test for comparing proportions and log-rank test, and
Kruskall–Wallis nonparametric analysis of variance (with
the Dunn multiple comparisons posttest) for comparison
of survival curves and rates. An �-error value not exceed-
ing 5% was considered significant for the two-tailed tests.
The tests were performed using the GraphPad PRISM
(version 2.0; GraphPad Software, Inc., San Diego, CA).

RESULTS
Medical Treatment

In 18 (78.2%) of the patients with parenchymal cysts
(three [18.8%] with cisternal cysts, and one [20%] with
ventricular cysts), the cysts disappeared or became calci-
fied after the anticysticercal therapy. Nevertheless, in the
patients with cisternal and ventricular cysts there was
doubt whether the resolution was an effect of the natural
history or a response to the drugs, because the time period
between treatment and disappearance of the cyst was
longer than 6 months in all patients. Seventeen of 22 pa-
tients who underwent preoperative anticysticercal therapy
developed intracranial hypertension that required some
surgical treatment during the follow-up period. One pa-
tient with the pseudotumoral form of NCC died of com-
plications related to decompensation of intracranial
hypertension after treatment with praziquantel, despite un-
dergoing bilateral temporal decompressive craniectomies.

Surgical Treatment

In two patients who underwent hypothalamic ventricu-
lostomy with catheter placement (follow-up duration 184
and 263 months, respectively) and two patients who un-
derwent reservoir implantation (follow-up duration 180
and 192 months, respectively), increased ICP resolved,
and the patients required no other treatment. In all other
patients in whom a reservoir was implanted, the procedure

was undertaken to perform ventriculography/CT ventricu-
lography or to obtain transient relief of the increased ICP.
A bilateral temporal decompressive craniotomy was per-
formed in one patient with diffuse infestation of the cere-
bral parenchyma and edema causing refractory increased
ICP; however, the patient did not improve and died a few
days after surgery.

Seventeen patients underwent pterional craniotomies for
cisternal cyst removal (five causing compression of the
optic nerve/chiasm and 12 giant cysts causing intracranial
hypertension and/or local brain compression); their fol-
low-up course ranged from 1 to 168 months (mean 84.7 �
53.6 months [� SD], median 89 months). In three patients
with compression of the optic nerve/chiasm, the visual
deficit improved in one, stabilized (unchanged), and in
another the visual deficit worsened (follow-up period 6–
168 months). Eleven of 12 patients in whom pterional
craniotomy was performed to remove cisternal cysts caus-
ing increased ICP improved, and one died.

Eight patients underwent excision of giant parenchymal
cysts causing increased ICP and/or local brain compres-
sion. Seven improved in a follow-up period of 1 to 231
months (mean 92.9 � 77.9 [SD], median 110.5 months).
The eighth patient, who was comatose, died.

In 17 patients a TCA was performed to resect third/lat-
eral ventricular cysts, and the follow-up period was 1 to
255 months (113.6 � 79.8 months, median 96 months).
The cyst was found in the third and lateral ventricles in 11
patients; cysts and ependymitis in four patients; and an
additional cyst in one of these patients found in the fourth
ventricle was removed via the same approach (a catheter
was placed and the cyst was evacuated through the cere-
bral aqueduct). In one patient a cyst was present in the
interhemispheric fissures, and in another patient only
ependymitis was found. In eight patients (72.7%) who
harbored only ventricular cysts and who did not previous-
ly undergo VP shunt placement increased ICP improved.
The two patients with cyst and ependymitis—in whom no
previous shunt surgery had been performed—required this
therapy after undergoing surgery via the TCA. 

In eight patients an endoscopic resection of ventricular
cysts was conducted (three were excised in the fourth ven-
tricle and four in the lateral/third ventricles); endoscopy
was also performed to treat inflammatory adherence (one
from the lateral ventricles). The follow-up course in these
eight patients ranged from 5 to 85 months (mean 37 �
34.1 months, median 27.5 months). Removal of cysts
from the fourth ventricles was achieved in two patients,
and the remaining patient required a PFC because the cyst
could not be identified endoscopically. Removal of the
cysts from the lateral/third ventricles was successful in
three patients and in two patients a TCA was required
(because the cyst could not be identified in one patient and
because of venous bleeding in the other).

Fifty-two PFCs with or without cyst excision were per-
formed in 49 patients (as first surgery in 11, after reservoir
implantation in 23, after VP shunt placement and/or sur-
gical procedure other than reservoir implantation in 18,
and after endoscopic approach to the fourth ventricle in
one patient); the follow-up period was 1 to 237 months
(mean 98.2 � 65.6 months, median 101 months). Of the
30 patients who initially underwent PFC or reservoir
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implantation followed by PFC, free cysts were present in
19 patients without or with mild fourth ventricular
ependymitis, signs of increased ICP improved in 13
patients (68.4%), and five patients required a VP shunt 1
to 4 months later. In nine patients we found degenerating
cysts and ependymitis/arachnoiditis in the fourth ventricle
and/or in the basal cisterns of the posterior fossa, of whom
three (66.7%) required a VP shunt from 1 day to 6 months
after the PFC. In two patients free cysts were presented in
the fourth ventricle and in basal cisterns of the posterior
fossa and they required a VP shunt, respectively, 5 days
and 1 month after the PFC. One (2.6%) of the 39 patients
who underwent PFC, with inflammatory obstruction of
the fourth ventricle, fourth ventricular degenerating free
cyst, and degenerating cysts around the medulla oblonga-
ta adherent to the nervous structures, suffered neurologi-
cal worsening.

Fifty-six patients underwent VP shunt placement as
first surgery to control increased ICP and 49 underwent
this procedure after previous surgical interventions that
failed to control increased ICP; their follow-up period was
1 to 255 months (mean 65.5 � 63.5 months, median 44
months). 

In 53 (50.5%) of 105 patients who underwent VP shunt
surgery one or more shunt revisions were required, for a
total of 164 procedures (1.56 procedures/patient). Shunt
revisions were required secondary to shunt malfunction-
ing in 126 cases (76.8%); indications included problems
with the proximal catheter in 46, problems with the distal
catheter in 13, excessive drainage in six, and nonspecified
malfunction in 61. Revision secondary to infection was
required in 38 cases (23.2%).

Follow-Up Review

The overall clinical follow-up period ranged from 1 to
255 months (mean 46.1 � 40.2, median 38 months).

Survival. The 5-, 10-, and 20-year survival estimates
were 88.8, 84.7, and 52.4%, respectively.

The survival estimates for patients with cerebral cys-
ticercosis according to their age at diagnosis were 88.6
and 75.4% at 5 years; 88.6 and 69.6% at 10 years; and
78.0 and 52.2% at 20 years, respectively, for patients who
were 40 years of age or younger and patients who were
older than 40 years of age. There was significant differ-
ence between the curves for the two age groups (p =
0.0217, df = 1 [log-rank test]).

The survival estimates according to distribution of sex
were 73.8 and 86.4% at 5 years; 64.6 and 86.4% at 10

years; and 60.7 and 81.8% at 20 years for female and male
patients, respectively. There was significant intergroup
difference (p = 0.0167, df = 1 [log-rank test]). Comparison
of survival curves for patients who underwent VP shunt
surgery and those who underwent reservoir  placement
combined with VP shunt surgery showed similar results:
that is, a worse prognosis for males than females (p =
0.032, df = 1 [log-rank test]). The survival estimates were
62.8 and 90.3% at 5 years; 50.2 and 90.3% at 10 years;
and 50.2 and 90.3% at 20 years for female and male pa-
tients, respectively.

Survival curves were determined for patients with NCC
who underwent 1) shunt surgery and shunt surgery com-
bined with reservoir implantation, 2) PFC for removal
of posterior fossa/fourth ventricular cysts, 3) TCA to the
third/fourth ventricles for cyst removal, and 4) resection
of cisternal cyst, performed as single surgical procedures.
The 5-year survival estimates were 80.4, 94.4, 100, and
90%; the 10-year survival estimates were 80.4, 94.4, 87.5,
and 90%; and the 20-year survival estimates were 73.7,
94.4, 87.5, and 90% for patients in whom we performed
shunt surgery, PFC, TCA, and cisternal cyst resection,
respectively. Significant differences were demonstrated
(p � 0.001, [Kruskall–Wallis nonparametric analysis of
variance]). Posttest analysis (the Dunn multiple compar-
isons test) showed significant differences among the sur-
vival curves for patients who underwent VP shunt surgery
and PFC (p � 0.001); those who underwent VP shunt sur-
gery and TCA (p � 0.001); those who underwent VP
shunt surgery and cisternal cyst resection (p � 0.001);
those who underwent PFC and TCA (p � 0.001); and
those who underwent PFC and cisternal cyst resection. No
significant difference, however, was shown between sur-
vival curves for patients who underwent TCA and those
who underwent cisternal cyst resection.

Postoperative Functional Outcome

We studied the evolution of clinical signs of intracranial
hypertension in the patients in whom VP shunts were
placed. Of patients followed for 2 or more years, in most
intracranial hypertension was absent by 2 years, although
some required one or more shunt revisions. Despite good
control of ICP four patients (33.3%) died 2 years postop-
eratively.

The quality of survival in this series of patients is sum-
marized in Table 2. Of 34 patients who died during the
overall follow-up period, 21 deaths (61.8%) occurred in
the first 2 postoperative years and 13 (38.2%) occurred
after this period.

B. O. Colli, et al.
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TABLE 2
Quality of survival in all patients treated surgically

No. of Patients

Months Years

Survival 0–3 4–6 7–9 10–12 13–15 16–18 19–21 22–24 2–3 3–4 4–55–6 6–7 7–8 8–9

good 4 3 2 2 2 0 1 1 10 9 6 8 5 6 9
moderate 0 1 0 1 0 0 1 0 1 1 0 2 0 1 0
poor 0 2 0 0 2 0 0 0 1 0 0 0 0 0 0
death 9 4 0 1 4 1 1 1 6 1 1 1 3 1 0
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Procedure-Related Complications

Postoperative bacterial infections developed in 40 pa-
tients (30.6%) with cerebral cysticercosis who underwent
surgical treatment (meningitis in 27, meningitis and pul-
monary infection in four, and pulmonary and/or other
infection in nine patients). In five patients (10.2%) in
whom PFC was performed, postoperative meningitis de-
veloped, and in one the wound became infected. Of the
103 procedures for VP shunt implantation, at least one
episode of bacterial shunt infection occurred in 26 patients
(25.2%) during the follow-up period and in one subdural
empyema occurred.

Surgery-related complications other than infections
were observed in two patients (11.8%) who underwent
TCA to resect third/lateral ventricular lesions (infection of
the wound in one and subdural empyema causing death in
the other). In one patient (12.5%) in whom an endoscopic
approach to the ventricles was undertaken, an intraven-
tricular hematoma developed due to venous bleeding; this
led to the patient’s death despite immediate open drainage.

The following neurological complications were observed
in eight patients (16.3%) who underwent PFC: CSF fistu-
la in three, isolated fourth ventricle in two, extradural he-
matoma of the posterior fossa in two, and hypertensive
pneumoencephalus in one. One patient with an isolated
fourth ventricle, another with a posterior fossa extradural
hematoma, and the one patient with hypertensive hydro-
cephalus died as a consequence of these complications.

Six patients (5.7%) who underwent VP shunt surgery
suffered the following postoperative complications: chron-
ic subdural hematoma in five and hemiparesis in one.

Mortality Rates

The global mortality rate demonstrated in all patients
with cerebral cysticercosis who underwent surgical treat-
ment was 21.3% (34 patients). Surgery-related death oc-
curred in three patients (4.4%) in whom a reservoir was
implanted, two due to ventriculitis and one to nonneuro-
logical cause. One patient who underwent a pterional cra-
niotomy (for removal of cisternal cysts causing increased
ICP) died of unknown cause early in the postoperative
period. In one patient (12.5%) who underwent removal of
giant parenchymal cysts, the surgery was performed while
the patient was comatose (with dilated fixed pupils), and
this patient died in the early postoperative period. In one
patient in whom bilateral temporal decompressive cran-
iotomy was conducted to treat refractory increased ICP,
the hypertension did not resolve and the patient died early
in the postoperative period.

Of those in whom endoscopy was used to approach
ventricular lesions, two patients (25%) died early in the
postoperative period, one with fourth ventricular disease
due to a recurrence of a ventriculitis acquired in the preop-
erative period and the other with lateral ventricular disease
due to an intraventricular hematoma and increased ICP.

The global mortality demonstrated in patients who un-
derwent a TCA to cysts of the third/lateral ventricles was
17.6% (three patients). Two patients (11.8%) died in the
early postoperative course, one of pneumonia and the other
of intracranial hypertension and subdural empyema. The
third patient died late in the postoperative period of un-
known cause.

The global mortality rate demonstrated in patients who
underwent PFC was 16.3% (eight patients), and surgery-
related death in these patients occurred in 10.2% (four
early and one late surgery-related death). In the four pa-
tients in whom early surgery-related death occurred, ar-
achnoiditis and/or ependymitis was present in the fourth
ventricle/posterior fossa. The causes of death in these cases
were intracranial hypertension in two patients, an extra-
dural hematoma of the posterior fossa in one, and menin-
gitis in the fourth. The late surgery-related death was
caused by intracranial hypertension and meningitis. Three
patients died of nonneurological problems.

The global and surgery-related mortality rates demon-
strated in patients who underwent VP shunt surgery were
18.1% (19 patients) and 16.1% (17 patients), respectively.
In these patients early and late surgery-related mortality
rates were 4.8% (five patients) and 12.3% (13 patients),
respectively. Causes of early death were ICP in two pa-
tients and meningitis in three patients; causes of late death
were increased ICP in seven, increased ICP and meningi-
tis/ventriculitis in five, and ventriculitis in one patient.
The remaining patient died of nonneurological causes.

DISCUSSION

Our experience in the treatment of cerebral cysticer-
cosis can be divided into two periods: before and after
1980. During the first period, the attempts at identifying
the different forms and the locations of the lesions were
more difficult because, in most cases, only angiography
and ventriculography were available. Consequently, we
had no defined protocol for the treatment of these patients,
and the results of direct approaches (to the posterior fos-
sa and supratentorial region) particularly ventricular ap-
proaches, were difficult to evaluate. Nevertheless, because
shunt surgery was performed  in most patients, it was pos-
sible to evaluate the long-term treatment effects in a large
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TABLE 2, continued

Quality of survival in all patients treated surgically

No. of Patients (yrs)

Survival 9–10 10–11 11–12 12–13 13–14 14–15 15–16 16–17 17–18 18–19 19–12 20–21 21–22

good 5 9 4 4 1 5 4 6 3 2 4 4 2
moderate 0 0 0 0 0 0 0 0 0 0 0 0 0
poor 0 0 0 0 0 0 0 0 0 0 0 0 0
death 0 0 0 0 0 0 1 0 0 0 0 0 0
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number of cases.17,18 Since 1980, CT scanning, CT cis-
ternography, CT ventriculotomography, and, more recent-
ly, MR imaging, we have been better able to identify the
pathophysiological mechanisms of these lesions, especial-
ly those causing intracranial hypertension, and to plan the
best therapeutic approach in patients with cerebral cys-
ticercosis. In addition to the advancement in neurodiag-
nostic modalities, the systematic use of microsurgery has
contributed to improved results in selected cases.

Recent pharmacological experience with praziquantel
and albendazole, which can provoke degeneration of cys-
ticerci,2,12,27,28,44,49,51,52,54,57,59,62has shown that their effica-
cy is more marked in cases in which active cysts are pre-
sent in the brain parenchyma. Although the effect of
these drugs has been reported on ventricular or cisternal
cysts,28,44 there remains no consensus about their efficacy
in these situations. Several of our patients with cisternal
and ventricular cysts, as well as other patients with cis-
ternal cysts (Takayanagui, personal communication) re-
ceived praziquantel or albendazole in our hospital, but this
treatment was not effective. Anticysticercal drugs did not
prevent the evolution for intracranial hypertension in our
patients. Based on the results of anticysticercal therapy in
our hospital,57,59we have prescribed albendazole in all pa-
tients with active parenchymal cysts but without signs of
local compression and/or signs of intracranial hyper-
tension or significant mass effect. In patients harboring
parenchymal cysts causing local compression or giant
cysts causing intracranial hypertension or significant mass
effect, cyst removal is indicated. We do not recommend
anticysticercal therapy for patients harboring only cister-
nal and/or ventricular cysts.

Among the clinical forms of NCC that can be treated
surgically are 1) the spinal forms that manifest signs of
spinal cord compression or of nerve root and cauda equina
compression; 2) the forms that manifest signs of local
compression of the brain and of cranial nerves; 3) and the
forms that manifest intracranial hypertension.

Cisternal Forms Causing Local Compression

Patients with cisternal cysts usually harbor racemose
cysticerci in the basal cisterns; the lesions are varied in
size and cause symptoms of local compression indepen-
dent of signs of hydrocephalus or mass effect–induced
hypertension (Fig. 1). Among cranial nerves most affect-
ed by cysticerci- or arachnoiditis-induced local compres-
sion are the optic nerve and the chiasm, the oculomotor
nerve, the trigeminal nerve, and the facial nerve.18 Other
clinical manifestations of compression include signs relat-
ed to compression of the cerebral cortex and Parinaud syn-
drome;14 these signs manifest secondary to compression
induced by cysts located in the cistern of the quadrigemi-
nal lamina.

Direct excision of the cysticerci in the basal cisterns is
not an effective procedure. Only in rare cases can all cysts
be removed because they are usually multiple, and they
are frequently partially degenerated and adherent to the
cranial nerves, vessels, and brain parenchyma due to ar-
achnoiditis. An attempt at full lysis of arachnoiditis in
these cases may have disastrous consequences. Resection
of free cysts and even of degenerating cysts causing well-
defined localized compressions, however, may be benefi-

cial, as was demonstrated in several of our cases. Ex-
amples of these benefits are the stabilization or improve-
ment of visual disorders. Nevertheless, excision of the
cysts does not prevent the progression of the inflammato-
ry reaction already underway, and good results often may
be transitory.

Forms Progressing to Intracranial Hypertension

The incidence of increased ICP in patients with cerebral
cysticercosis ranges from 25 to 65.9%.14,33,43,47,58In our
hospital hypertension was observed alone or in combina-
tion with other clinical forms in 35.7% of the patients.58

These patients could be classified in three groups accord-
ing to the pathophysiological mechanism of hyperten-
sion:55 1) hypertension caused by space-occupying cys-
ticerci (tumoral form); 2) hypertension caused by diffuse
cerebral edema (pseudotumoral form); and 3) hyperten-
sion secondary to hydrocephalus caused by obstruction of
CSF circulation. These mechanisms can be isolated or
combined. The relative frequency of Group 1 ranges from
22 to 67%, in Group 2 from 9 to 44%, and in Group 3 from
18 to 41%.14,55 In a previous series21 studied at our hospi-
tal, 2.95% of the patients who underwent surgery to con-
trol increased ICP belonged to Group 1, 5.8% to Group 2,
and 91.3% to Group 3; and in the present series, increased
ICP was caused by hydrocephalus in 134 (86.5%), by tu-
moral form in 12 (7.7%), by hydrocephalus and giant
cysts in eight (5.2%), and by pseudotumor cerebri in one
case. The difference demonstrated between this and our
previous surgical series21 can be explained by an improve-
ment in the clinical treatment of intracranial hypertension,
thus reducing the number of cases refractory to treatment. 

Because of their particularly high morbidity and mor-
tality rates, patients afflicted with forms of NCC mani-
festing intracranial hypertension usually require surgical
treatment.

Tumoral Form. Intracranial parenchymal (Fig. 2), ven-
tricular, or cisternal giant cysticerci most often are race-
mose,32,39 and their response to anticysticercal drugs such
as praziquantel and albendazole remains controver-
sial.2,15,27,29,34,42,44,49,51,52,54,57,59,62On the other hand, the risk
of decompensation associated with increased ICP due to
cyst degeneration–induced inflammatory reaction in pa-
tients with C. cellulosae49 may contraindicate drug thera-
py and definitively contraindicate these drugs in patients
with giant cysticerci and mass effect. In our opinion, the
best treatment of the tumoral form of NCC is surgical—
cyst excision via a direct approach, or at least, cyst evac-
uation and partial resection via a direct or stereotaxic
approach. Complete resection of giant cysts is usually rel-
atively easy when the cyst is located within the parenchy-
ma or cisterns, as well as when the cysts are in the active
phase because they are still loosely adherent to the
parenchyma. Degenerating cysts may adhere firmly to the
nervous tissue and to blood vessels because of inflamma-
tory reaction, especially those located in the cisterns.
Resection of these cysts, especially those close to eloquent
areas of the brain, is usually associated with a consider-
able risk of additional lesions.

Pseudotumoral or Encephalitic Form. This form is
characterized by increased ICP secondary to a diffuse in-
flammatory reaction of the brain parenchyma due to mas-
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sive infestation with cisticerci,8,14,55and it is more frequent
in children.14,36,55Treatment of this form is primarily med-
ical to reduce the intracranial hypertension by administer-
ing osmotic diuretics, steroid agents, and by performing
CSF lumbar puncture, and it is effective in most cases.8,13

In the past, decompressive craniectomy was recommend-
ed8 in these patients to avoid visual loss due to papillede-
ma, but its results were only transient.55 In our opinion
decompressive craniotomy is only rarely indicated and
should be performed in extreme situations in an attempt to
control intracranial hypertension. Fortunately, the de-
crease in the number of decompressive craniotomy–treat-
ed patients between our previous surgical series21 and this
series, suggests an improvement in the clinical treatment
of intracranial hypertension. Although there are no pub-
lished data about the use of lumboperitoneal shunts for
treating these patients, it does not appear to be a good
solution because the intracranial hypertension in this pro-
cess is caused more by an increased volume of the brain
parenchyma than by an increase in CSF volume.

Obstructive Form. Hydrocephalus is the most frequent
mechanism of intracranial hypertension in NCC, and it
can be caused by mechanical obstruction of the ventricles
or the basal cisterns. Obstruction of the former is caused
either by cysts themselves or by the inflammatory reaction
(ependymitis, arachnoiditis, or both) or may be caused by
difficulties in absorbing CSF due to parasagittal arach-
noiditis, with involvement of arachnoid villi.36,37,46,50,55

Cyst-related obstruction usually occurs at the narrow sites
of the ventricular system (for examples, the foramen of
Magendie and the cerebral aqueduct), causing obstructive
hydrocephalus. Cysts localized in the basal cisterns can
provoke communicating hydrocephalus. Inflammatory re-
action–related obstruction is more frequent in the outgo-
ing foramina of the fourth ventricle, the posterior fossa,
and the basal cisterns, but it may occur at any point in the
CSF circulation, including sites of CSF absorption, and
cause obstructive or communicating hydrocephalus.

Rational treatment of cysticercosis-related hydroceph-
alus requires identification of its pathogenesis. Ventric-
ulography is simple, easy to perform, and accurate for this
purpose. Based on ventriculographic findings, we have
sought to identify the site and type of obstruction18—that
is, in patients with obstruction caused by free cysts who
can benefit from cyst removal,5,17,31,38,40,50,56or in patients
with obstruction caused by an inflammatory process in
whom VP shunt surgery is considered the best treat-
ment.3,16,33,35,38Generally CT scanning does not allow this
differentiation because it does not reveal free intraventric-
ular cysts,19 which are only be suspected based on the
morphological changes of the ventricles (rounding of the
fourth or third ventricles or of portions of the lateral ven-
tricles). Computerized tomography cisternography dem-
onstrates cysts in the cisterns; additionally, when there is
no obstruction of the ventricular system, it identifies intra-
ventricular cysts (Figs. 3 and 5). Computerized tomogra-
phy ventriculography allows adequate evaluation of the
ventricular system, including the identification of cysts
not visualized on ventriculography alone.18,39 Magnetic
resonance imaging is useful because it can demonstrate
cysticerci and inflammatory reactions in the parenchyma,
cisterns, and even ventricles (Fig. 4). Unless there are in-

direct signs, however, such as mass effect, absence of the
adjacent CSF flow, and obstruction of the ventricular flow,
intraventricular cysts are visualized on MR images only
after they start to degenerate.41,60

In our service a ventricular reservoir has been routine-
ly implanted in patients with acquired hydrocephalus to
perform CT ventriculography and for relief of intracranial
hypertension, until definitive diagnostic and therapeutic
procedures can be undertaken. By following this protocol,
ventricular cysts can be excised, and the decision regard-
ing definitive CSF shunt placement can be postponed, de-
pending on the recurrence of increased ICP. More recent-
ly, since MR imaging became available at our institution,
this neurodiagnostic modality has allowed identification
of intraventricular cysts in some patients (Fig. 4), thus ob-
viating need for reservoir implantation.

Excision of free ventricular cysts is relatively simple
when performed via a suitable approach and when using
microsurgical techniques; in such cases morbidity and
mortality rates are minimal. This procedure is justified be-
cause free cysts may dislocate within the ventricular sys-
tem,21 causing acute intracranial hypertension by obstruct-
ing CSF circulation, and because intraventricular cysts
tend to increase in size and start to behave as intraventric-
ular tumors, especially in the fourth ventricle (Fig. 5). Ac-
cess to the fourth ventricle is obtained by posterior fossa
craniotomy, and the free cysts can spontaneously protrude
through the foramen of Magendie toward the cistern mag-
na ("delivery" of the cysticercus) (Figs. 3 and 5), or they
may be tractioned. When the cysticerci are adherent to the
wall of the ventricle or when the foramen of Magendie is
stenotic or obstructed, the foramen needs to be opened or
widened by sectioning the inferior portion of the cerebel-
lar vermis to allow better visualization of the ventricle.

Free cysts located in the lateral ventricle or in the third
ventricle can be reached via an anterior TCA. We recom-
mend a direct approach and extirpation of the lateral ven-
tricular cyst when it is free and at risk of dislocating; when
the cyst is adherent to the ventricle walls, we perform
excision only if it causes septations of the cavities and/or
obstruction of CSF circulation. A temporal horn cyst is
better reached via a temporal transcortical approach.

The mortality rate observed in patients who have under-
gone PFC range from 0 to 60%.6,17,18,37,38,40,43,56The lowest
mortality rates have been demonstrated in cases in which
those who present with free ventricular cysts, and the
highest rates have been shown in those who present with
inflammation-related obstruction or cyst- and inflamma-
tion-related obstructions. For this reason, we try to identi-
fy patients with free ventricular cysts and recommend a
direct-approach resection only in these cases. The high
mortality and morbidity rates observed in the past among
patients who have undergone PFC were related to the dif-
ficulties in the surgical management of patients with ar-
achnoiditis and aseptic meningitis caused by intraopera-
tive cyst rupture. Although these rates have been reduced
(by better identification of patients with free cysts, mi-
crosurgical techniques, and by the satisfactory control of
aseptic meningitis with steroids21), analysis of our recent
long-term follow-up data has shown that the morbidity
and mortality rates remain high. A direct surgical ap-
proach is indicated with reservation when radiological ex-
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aminations do not allow differentiation between inflam-
mation- and cyst-related obstructions, taking into consid-
eration the advantages and disadvantages of a ventricular
approach.

Other procedures such as a cystoperitoneal shunt sur-
gery,7 stereotactic approaches to cyst resection or drain-
age,24,48,61and endoscopic cyst drainage or resection4,10,11,25

have been proposed as alternatives to extirpation of gi-
ant parenchymal and ventricular cysts. Cyst evacuation
through puncturing may be effective because, theoretical-
ly, the rupture of a cyst triggers its process of degenera-
tion. Cyst recurrence after puncture and drainage24,56

should be attributed to the existence of racemose cyst at
the punctured site. We prefer undertaking the direct surgi-
cal approach in patients with giant cysts because it is rel-
atively safe when the appropriate surgical strategy is used,
it allows better evaluation of the adherence of cysts in
relation to adjacent structures, and it permits the resection
or emptying of the various vesicles of a racemose cys-
ticercus; additionally analysis of our previous and recent
data has shown that it is efficient in most patients.17,18 A
direct approach to free ventricular cysts is our first option
as well because it is possible to identify the presence of
ependymitis/arachnoiditis. When inflammatory reactions
are intense, we perform VP shunt surgery immediately
after the cyst is resected, because in our previous and
recent experience these patients usually develop inflam-
matory blockade of the CSF circulation and intracranial
hypertension within a few weeks or months.17,18 Recently
we began to perform endoscopic approaches to the ven-
tricles for cyst removal, and we have encountered some
complications, including death, probably as a result of
technical problems and incorrect selection of cases. Ne-
vertheless, because it is less invasive, and because ma-
nipulation under direct visualization and identification
of multiple vesicles are possible, the endoscopic ap-
proach may become the procedure of choice in many of
these patients. 

Most of our patients with inflammatory obstruction of
CSF circulation underwent VP shunt placement because
previous experience6,17,18,37,45,46 has shown that these
patients do not benefit from a direct approach to the pos-
terior fossa for lysis of the inflammatory reaction, which
recurs within a short time (generally a few weeks), and to
avoid serious complications.17,18

The placement of a VP shunt has been considered the
best treatment in patients with hydrocephalus due to in-
flammatory obstruction caused by cysticercosis, allowing
for resolution of increased ICP in 50 to 90% of cases. Our
results confirm the previous experience; most patients
were free from hypertension at the end of a 2-year follow-
up period, and more than half required revisions of the
shunt, most during the first postoperative year.16,17,21,43The
predominance of complications in this period probably
occurs because most cysts of a multiple infestation degen-
erate within that time. Another possibility is that within
the follow-up period functional equilibrium in the CSF
circulation is reached, and the shunt, which may not be
functioning, is no longer required. Isolation of the fourth
ventricle has been reported in patients with cerebral cys-
ticercosis, generally related to a VP shunt.22,23,26 This is
usually a serious complication, and details of this entity
have been discussed in a previous study.22

Some authors31,37,39 recommend that VP shunt place-
ment should be performed as the first surgical procedure
in all patients with hydrocephalus secondary to cysticer-
cosis to relieve intracranial hypertension and that ventri-
cular cysts should be removed during a second stage. Cur-
rently we prefer first to control intracranial hypertension
by implanting a ventricular reservoir and determining in
advance whether the patient will benefit from the removal
of a free cyst or whether VP shunt surgery will be the best
treatment. This strategy has been adopted because of the
risks associated with technical difficulties involved in ap-
proaching a fourth ventricle in which there is ependymitis
and which has collapsed after placement of a VP shunt, as
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Fig. 5. Left: A CT cisternography scan obtained in a patient with intermittent increased ICP, demonstrating a cyst in
the fourth ventricle delineated by contrast. The patient refused surgical treatment at that time and returned 1 year later
with worsened symptoms and severe gait ataxia.Center:Repeated CT cisternography revealing an increase in the size
of the cyst. Right: Intraoperative photograph of the posterior fossa obtained with the patient in the sitting position. After
gentle lateral displacement of the cerebellar tonsils, the cyst is spontaneously protruding from the ventricle (“delivery”
of the cysticercus). Note that the cyst membrane is transparent and that its fluid content is colorless and that there is no
arachnoiditis in the posterior fossa. 
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well as to ensure that some patients will not receive an un-
necessary shunt.

Prognostic Factors

In patients with cerebral cysticercosis the location of
cysts in the subarachnoid space (extraparenchymal cysts),
especially at the basal cisterns, causing chronic arachnoid-
itis, has been identified as poor prognostic factor9,17,18,50

and this was confirmed by our data. In patients requiring
VP shunt surgery for the treatment of inflammatory ob-
struction or inflammatory obstruction and cysts, the prog-
nosis was worse than in those who underwent removal of
intraventricular cysts. This is because these patients re-
quire a shunt and its incidence of associated complications
is higher than in patients with hydrocephalus than with
other diseases.16

Age was also found to be a prognostic factor in patients
requiring surgical treatment. Prognosis was poorer in pa-
tients younger than 40 years of age than in those who were
older. Some authors50 have found the incidence of the ex-
traparenchymal form of the cerebral cysticercosis to be
higher in females, and this could be related to a poor prog-

nosis. Analysis of the survival curves according to sex
for all patients and for patients who underwent reservoir/
shunt implantation and shunt implantation alone showed a
poor prognosis for males. Satisfactory explanations for
these facts were not found.

CONCLUSIONS

In patients with cerebral cysticercosis requiring surgery,
the long-term prognosis was not good. Overall 1.75 surgi-
cal procedures per patient were performed in these cases,
and there were many surgery-related complications. The
global mortality rate during the follow-up period and the
surgery-related mortality rate were also high. Location of
cysts in basal cisterns, age younger than 40 years, and
male sex were related to worse prognosis. In patients with
inflammatory process or cysts combined with an inflam-
matory process requiring  placement of a VP shunt and in
patients requiring surgery who were younger than 40
years of age prognosis was worse than in other patients.

The diagrams in Fig. 6 depict our recent policy in the
treatment of patients with CNS cysticercosis.
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Fig. 6. Upper:Diagram depicting management of patients with parenchymal and cisternal NCC.Lower:Diagram
depicting management of patients with intraventricular cysts and hydrocephalus due to cerebral cysticercosis. VPS =
VP shunt.
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