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Stereotactic surgery for neurocysticercosis of the 4th ventricle: illustrative cases
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BACKGROUND Neurocysticercosis, caused by the larval stage of Taenia solium, affects the cerebral ventricles in 20-30% of cases and may lead to
hydrocephalus and other neurological morbidity. Conventional treatment for cysts in the 4th ventricle includes open surgery (suboccipital approach) and
neuroendoscopy, with the latter being the option of choice. Stereotactic surgery, minimally invasive, offers a good alternative for this type of deep lesion.

OBSERVATIONS The authors report the cases of two women, 30 and 45 years old, who presented with headache, dizziness, and ataxia and
were diagnosed with 4th ventricle cysticercosis. Magnetic resonance imaging (MRI) revealed dilated 4th ventricles (approximately 2.5 cm in
both cases, with cystic images inside the ventricular cavity). Both patients were treated with stereotactic surgery via a suboccipital
transcerebellar approach. Cyst material was extracted, and the diagnosis was confirmed by pathological examination. The surgeries had no
complications and resulted in clinical improvement. Control MRI scans showed reduction of the volume of the ventricle without residual cysts.

LESSONS Minimally invasive stereotactic surgery provided a safe alternative for 4th ventricle neurocysticercosis cysts, with more benefits than risks in

comparison with conventional techniques.

https://thejns.org/doi/abs/10.3171/CASE21279
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Neurocysticercosis (NCC), a zoonosis caused by the invasion of the
human central nervous system by the cystic larval stage of the pork tape-
worm (Taenia solium), is the most frequent neurological helminth infection
worldwide and one of the most frequent causes of epilepsy and hydro-
cephalus in adult patients." NCC can be parenchymal, ventricular, or
subarachnoid. Ventricular NCC can be life threatening due to the risk of
obstructive hydrocephalus, either because of the cyst or by induced epen-
dymitis, hence the importance of prompt diagnosis and treatment.>® Ven-
tricular NCC occurs in 20-30% of all NCC patients. Cysts may be
adhered to the ependyma or free inside the ventricular cavity.”® Neuroen-
doscopic exeresis is the treatment option recommended by current man-
agement guidelines, with subsequent medical treatment with albendazole
if there is reason to believe that viable cysts remain after surgery.2*8° To
the best of our knowledge, there are no published reports of stereotactic
surgery for 4th ventricular NCC. We report two patients with 4th ventricular
NCC who were successfully treated with stereotactic surgery.

lllustrative Cases
Case 1

A 30-year-old woman with a 1-year history of hydrocephalus treated
with peritoneal ventricular shunt consulted for headache, nausea, vomiting,
dizziness, and progressive walking instability of 2 months’ evolution. Neu-
rological examination revealed global disorientation and cerebellar ataxia
without other neurological signs. Magnetic resonance imaging (MRI) of the
brain (Fig. 1) in fast imaging employing steady-state acquisition (FIESTA),
fluid-attenuated inversion recovery (FLAIR), and T1-weighted sequences
before and after gadolinium injection revealed multiple cystic lesions in the
4th ventricle, associated with an increase in size (2.6 cm in anteroposterior
diameter). Immunodiagnosis was performed using enzyme-linked immu-
noelectrotransfer blot (EITB) analysis (Western blot; sensitivity of 98% and
specificity of 100% in patients with two or more viable brain lesions), which
showed reactivity to all seven diagnostic antibody bands (Table 1). Blood

ABBREVIATIONS CSF = cerebrospinal fluid; EITB = enzyme-linked immunoelectrotransfer blot; FIESTA = fast imaging employing steady-state acquisition;
FLAIR = fluid-attenuated inversion recovery; MRI = magnetic resonance imaging; NCC = neurocysticercosis.
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FIG. 1. MRl studies of case 1. A-C: Preoperative imaging. Dilated 4th ventricle with images suggestive of

cystic lesions in its interior. D-F: Control MRI at 3 months after surgery. The diameter of the 4th ventricle has
decreased, and there are no remnant cysts (A and D, axial FIESTA; B and E, axial FLAIR; C and F, sagittal

postcontrast T1).

counts and biochemistry values were within normal parameters. The
patient’'s treatment was planned for cyst exeresis by stereotactic surgery.
(Details are described below under Surgery.)

There were no complications, and she was discharged on day 4
after surgery without any neurological deficit. Pathology confirmed the
diagnosis (Fig. 2). Two months after surgery, she received antiparasitic
treatment (albendazole 400 mg/day for 30 days, with concomitant dexa-
methasone at 8 mg/day for 2 weeks and then gradually withdrawn for 6
weeks). At 3 and 24 months, control brain MRI was performed, which
showed that the 4th ventricle had recovered its size and that there were
no remnant cystic lesions inside. At her 2-year follow-up visit, she was
asymptomatic (modified Rankin scale score 0).

Case 2

A 45-year-old woman with no past medical history consulted for a 15-
month history of progressive headache and dizziness. Her neurological
examination revealed disorientation in time and cerebellar ataxia without
other neurological findings. Brain MRI (Fig. 3) in FIESTA, FLAIR, and
T1-weighted sequences before and after gadolinium injection revealed a

cystic lesion inside the 4th ventricle with an apparent scolex, associated
with increased ventricular size (2.5 cm in anteroposterior diameter). The
result of serum EITB for neurocysticercosis was strongly positive (seven
bands). The patient’s blood counts and biochemistry values were within
normal parameters. She was programmed for cyst excision by stereotac-
tic surgery. (Details are described below under Surgery.)

There were no complications, and she was discharged on day 3 after
surgery without any neurological deficit. Pathology confirmed the diagnosis
(Fig. 2). Two months after surgery, she received antiparasitic treatment as
part of a frial comparing albendazole alone with combined albendazole
plus praziquantel with concomitant dexamethasone. At 4 and 12 months,
control brain MRI was performed, which showed that the 4th ventricle had
recovered its size and that there were no remnant cystic lesions inside. In
her follow-up visits at 4, 9, and 12 months, she reported mild intermittent
headache only (modified Rankin scale score 1).

Surgery
Individuals with ventricles with a diameter >2 c¢cm were consid-
ered eligible for this procedure. Local anesthesia plus sedation was

TABLE 1. Epidemiological, clinical, and surgical characteristics of the patients

Surgical  Modified Rankin
Ventricular Time Scale score
Case  Sex, Age (yrs) Symptoms Neurological Findings ~ Diameter (mm)  Anesthesia (mins) at 12 Mos
1 F, 30 Headache, nausea, vomiting, ~ Global disorientation, 26.6 x 24.1 Local 95 0
dizziness, walking instability cerebellar ataxia
2 F, 45 Headache, dizziness Disorientation in time, 219 x 25.6 Local 86 1

cerebellar ataxia
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FIG. 2. Cysticercal membranes extracted by stereotaxis. A and B:
Case 1. C and D: Case 2. Typical double-layer eosinophilic mem-
branes are shown. Hematoxylin and eosin stain; Original magnifications
%10 (A and C) and x40 (B and D).

used in both patients. The Micromar stereotactic frame was used; it
has a 2-mm diameter biopsy cannula composed of two hollow can-
nulas, one inside the other. Both cannulas have a 1-cm rectangular
side window located 1 mm from the lower end. The stereotactic
frame was placed at the level of the superior temporal line after
infiltration with lidocaine without epinephrine at the points where the
pins were fixed. Once the frame was set, contrast-enhanced com-
puted tomography was performed with a standard protocol for ster-
eotaxis, and the target (midpoint of the 4th ventricle) coordinates
were calculated (Fig. 4).

We used a transcerebellar suboccipital approach with the patient
in the lateral decubitus position. The incision site was marked 3 cm
lateral to the midline and 3 cm below the projection of the trans-
verse sinus. Once in the bone plane (occipital scale), a trepan, an
“X” durotomy, and finally a small corticotomy were performed. The
stereotactic frame arch and guide were placed with the previously
calculated coordinates, and the closed cannula was introduced
(connected to a triple-line system with extension coupled to a 20-ml
syringe with saline solution) across the cerebellar hemisphere direct
to the 4th ventricle. Once the cannula was set in position, the posi-
tion was verified by initial aspiration, obtaining cerebrospinal fluid
(CSF) in both cases, and then very gentle aspiration was applied
until cyst membranes were extracted. If any resistance is noted, the
membrane is fragmented with the cutter cannula mechanism, and
the process continues until only CSF comes out. No other traction
instrumentation (such as forceps) was used. This procedure was
repeated at 0°, 90°, 180°, and 270° until only CSF was obtained
without greater resistance. The cyst membranes were extracted
without difficulty in both cases, and there were no complications.

FIG. 3. MRl scans of case 2. A-C: Preoperative imaging. Dilated 4th ventricle with images suggestive of cys-
tic lesions in its interior. D—F: Control MRI at 4 months after surgery. The diameter of the 4th ventricle has
decreased, and there are no remnant cysts (A and D, axial FIESTA; B and E, axial FLAIR; C and F, sagittal
postcontrast T1).
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FIG. 4. Photographs of case 2 stereotactic surgery for 4th ventricular
NCC. A: Patient with stereotactic frame in lateral decubitus with cannula
at the approach point. B: Suboccipital trepanation with cannula in posi-
tion, with projection to the 4th ventricle. C: Cannula in final position, and
removal of cysts by aspiration. D: Cyst membranes removed.

Discussion

Observations

Current neurosurgical approaches in NCC surgery are based on con-
ventional approaches (microsurgical dissection) and neuroendoscopy,
which is currently considered the method of choice for ventricular cysts.
The main problem in 4th ventricular NCC is the development of acute
obstructive hydrocephalus, which can be lethal and must be rapidly
approached. Bruns syndrome, described in 1906, occurs due to free
cysts in the ventricular cavity. '

There are reports of both endoscopic surgery ™™ and open subocci-
pital approaches’”? for 4th ventricular NCC, with good surgical and
functional results. Minimally invasive endoscopic excision requires experi-
ence, particularly in cases with a thin aqueduct®'8%"2 or if the cyst
adheres to the ependymal lining."®** Reported complications include
periventricular edema, residual cyst of the 4th ventricle, need for reopera-
tion, and intraoperative bleeding,%'?* although most reports did not
describe serious complications.'>?°

Indications for stereotactic neurosurgery are well defined. It remains
the gold standard for locating deep lesions <10 mm, with extremely
high localization precision (approximately 1 mm). Difficulties of the pro-
cedure are mainly the need for intubation of the patient and incorrect
positioning of the frame that may require repositioning.? The proce-
dure has been used to biopsy brainstem lesions via a suboccipital tre-
pan with low complication rates. In 2014, a review of 20 publications
including 457 patients who underwent stereotactic biopsy of lesions in

15,16
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the brainstem reported a rate of complications of 8.9%.2” Another
report of 78 patients found <5% complications.® Both studies con-
cluded that stereotactic biopsy of deep intracranial lesions is an effec-
tive and safe procedure®® There are no reports on stereotactic
surgery for 4th ventricular cysts.

On the basis of current knowledge of minimally invasive neuro-
surgery, and considering our extensive experience in stereotactic
procedures, as well as our experience in neurosurgical manage-
ment of patients with NCC, we considered that stereotactic resec-
tion of 4th ventricular cysts was a safe alternative for our patients.
NCC cysts are not usually attached to the surrounding vascular ner-
vous tissue, which facilitates their exeresis.? In endoscopic and
transcranial surgery, the cysts are extracted with traction or subtle
aspiration, and in cases of subarachnoid NCC, the same principle
plus irrigation with saline serum and intracranial pressure itself facil-
itate the excision of the cysts without major difficulties. When the
cysts are free in the ventricular cavity, they can be extracted easily.
In some cases, however, the cysts may be attached to surrounding
vascular and nervous structures, which makes dissection more
labor-intensive and riskier; the exact reason for this phenomenon is
not known, and it is suggested that this occurs more frequently in
patients treated with antiparasitic drugs before surgery.

During stereotactic surgery, if a cyst is attached to the epen-
dyma, the cyst is ruptured, and most of the cyst membranes are
very gently aspirated. Unlike hydatid cysts, rupture of NCC cysts is
not associated with anaphylaxis or seeding of infection. To prevent
injuries, traction is avoided. If any resistance is felt, the cyst mem-
brane is fragmented using the cutter cannula mechanism, and aspi-
ration continues until no more membranes are extracted and only
CSF comes out. It is always possible that residual membrane frag-
ments remain, but these should not result in clinical manifestations.
In these cases, patient follow-up should confirm that the residual
membranes do not cause any obstruction or inflammation.

The decision to use stereotactic resection as an additional, alterna-
tive surgical technique for these cases attempts to provide a less inva-
sive approach, considering that neuroendoscopic access to the 4th
ventricle is more difficult than accessing the lateral ventricles, and also
considering that some patients with 4th ventricular NCC may require
additional surgical procedures for other subarachnoid or large paren-
chymal lesions. Medical treatment is not recommended before cyst
resection, because the destruction of the cysts is associated with neu-
rological deterioration secondary to the inflammatory immune response
to the death of the parasite. Although steroids such as prednisone or
dexamethasone are commonly used to control this inflammatory pro-
cess after degradation of viable cysts as an adjunct to cysticidal ther-
apy, it seems preferable to delay antiparasitic regimes if surgical cyst
extraction is planned. 22>

Neurocysticercosis continues to be a public health problem in endemic
areas such as Peru; however, access to cysticidal treatment and the avail-
ability of minimally invasive neurosurgical techniques have improved its
prognosis. In our center, stereotactic surgery is now used as an alternative
in the neurosurgical treatment of patients with 4th ventricular NCC, and,
although we have treated few cases to date, our experience has been sat-
isfactory, and we will continue evaluating its performance.

Lessons

Stereotactic surgery offers an excellent minimally invasive alternative
approach for 4th ventricular NCC. We applied our extensive knowledge
and previous experience in the management of NCC and the availability



of stereotaxis to safely treat these two patients with NCC cysts in the 4th
ventricle.
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