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Abstract. Neurocysticercosis (NCC) is endemic in many parts of the world, carrying significant neurological morbidity
that varies according to whether lesions are located inside the cerebral parenchyma or in extraparenchymal spaces. The
latter, in particular subarachnoid NCC, is assumed to be more severe, but no controlled studies comparing mortality
between types of NCC exist. The aim of this study was to compare all-cause mortality between patients with intra-
parenchymal NCC and those with subarachnoid NCC. Vital status and sociodemographic characteristics were evaluated
in patients with intraparenchymal viable, intraparenchymal calcified, and subarachnoid NCC attending a neurological
referral hospital in Lima, Pera. Survival analyses using Kaplan—-Meier curves and Cox proportional regression models were
carried out to compare mortality rates between groups. From 840 NCC patients followed by a median time of 82.3 months,
42 (5.0%) died, six (1.8%) in the intraparenchymal viable group, four (1.3%) in the calcified group, and 32 (16.6%) in the
subarachnoid group (P < 0.001). Older age and lower education were significantly associated with mortality. The age-
adjusted hazard ratio for death in the subarachnoid group was 13.6 (95% ClI: 5.6-33.0, P < 0.001) compared with the
intraparenchymal viable group and 10.7 (95% CI: 3.7-30.8, P < 0.001) when compared with the calcified group. We

concluded that subarachnoid disease is associated with a much higher mortality in NCC.

INTRODUCTION

Neurocysticercosis (NCC) is one of the most frequent
parasitic infections of the central nervous system (CNS)
globally and the most common cause of adult-onset epilepsy
in endemic regions.' Clinical manifestations of NCC vary
according to the location and number of parasitic lesions in the
CNS."** The most common presentation of NCC involves
viable cysts in the cerebral parenchyma (intraparenchymal
NCC) and is commonly associated with seizures. Following
the natural parasite involution or in response to antiparasitic
therapy, some cysts resolve completely, although others re-
sult in a calcified scar.® Seizures can continue regardless of
parasite viability. Compared with the general population, pa-
tients with seizures have an increased risk of death because of
trauma and sudden death associated with epilepsy.""®

In some patients, the parasitic lesions are located in the
cerebral ventricles or in the subarachnoid spaces (extrapar-
enchymal NCC). Subarachnoid NCC is considered a particu-
larly severe form of the disease, presenting with chronic
inflammation and infiltration into neighboring spaces that lead
to hydrocephalus, mass effects, intracranial hypertension,
vasculitis, stroke, and cranial nerve involvement, among oth-
ers and may be lethal if not treated promptly.!*%° Patients
with subarachnoid NCC frequently require neurosurgical in-
terventions, with additional risks for severe complications in-
cluding even death.

Neurocysticercosis as an underlying or associated cause
of death has been described.®2'%"" The literature refers to a
extraparenchymal cyst including subarachnoid NCC as being
associated with increased morbidity and mortality*3; how-
ever, no comparative data are available. A better understanding
of these differences would lead to improved and likely more
intensive approaches to medical and surgical management in
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the group with the highest risk. We assessed life status in three
large cohorts of patients with viable parenchymal NCC, calcified
parenchymal NCC, and subarachnoid NCC to determine dif-
ferences in all-cause mortality between these types of disease.

METHODS

Study subjects. We included patients with NCC confirmed
by neuroimaging who attended the Cysticercosis Unit at the
Instituto Nacional de Ciencias Neurologicas, Lima, Peru, with
baseline brain images (computed tomography [CT], or mag-
netic resonance imaging [MRI]) and serological results on
enzyme-linked immunoelectrotransfer blot assay using lentil
lectin purified glycoprotein antigens (LLGP-EITB). These
subjects were been screened for participation or enrolled in
prior clinical studies.'®"'® We also included patients attending
our unit for clinical advice. Patients with intraventricular NCC
or those with degenerating brain cysts were excluded. Eligible
patients were categorized to one of the three following groups:

(1) Calcified NCC: Patients with only intracranial calcifications
compatible with NCC on brain CT scan with no docu-
mented history of previous viable lesions

(2) Intraparenchymal viable NCC: Patients with/viable NCC
cysts inside the brain parenchyma observed on MRI and
positive serology (specific antibodies to Taenia solium on
EITB assay). They could have NCC calcifications.

(8) Subarachnoid NCC: Patients with viable NCC cystsin the
subarachnoid space observed on brain MRI and positive
EITB assay for cysticercosis. Patients with subarachnoid
NCC could have additional parenchymal cysts (either via-
ble or calcified).

This work expands a prior study which was conducted in
a smaller group of 118 patients with parenchymal NCC and 50
patients with subarachnoid NCC that met the same definition.®

Procedures. Demographic, serological, and radiological
information were collected from the original databases in-
cluding the date of the initial diagnosis of NCC. Data on age,
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gender, level of education, years of education, birth region,
place of residence (Lima or outside Lima), and vital status as of
October 24, 2018, as well as date of death when applicable,
were collected from the National Registry of Identification and
Marital Status (Registro Nacional de Identificaciéon y Estado
Civil - RENIEC in Spanish), which contains demographic in-
formation from all Peruvian citizens.

Statistical analysis. Frequencies, median, interquartile
ranges (IQR), and mortality rates (per 1,000 inhabitants) are
reported for descriptive purposes. Direct and indirect stan-
dardization were used to adjust mortality rates by age. For
direct standardization, the sum of the totals in each NCC
group was used as reference. Age-adjusted mortality rates
and standardized mortality ratios (SMRs) were calculated by
indirect standardization using general mortality in the Peruvian
population in the mid-year (2009) of the study period as ref-
erence. We used chi-squared and Wilcoxon rank-sum tests to
assess differences in characteristics by NCC groups and by
vital status. For survival analysis, we considered the time in
years from the date of diagnosis by imaging to the date of
death or date of vital status survey. The log-rank test was used
to assess difference in the Kaplan—Meier groups according to
NCC type and the Cox proportional regression model to report
the hazard ratio (HR) between the groups using the intra-
parenchymal viable group as a reference.

Ethical considerations. The study was reviewed and ap-
proved by the institutional review boards from the Universidad
Peruana Cayetano Heredia and the Instituto Nacional de Ciencias
Neurologicas, both in Lima, Peru. We used information stored in
the hospital and prior study registries. To protect the subjects’
personal information, all personal identifiers were excluded from
the study databases once the clinical and demographic data were
linked to their respective follow-up life status.

RESULTS

We included 840 patients with NCC, including 335 with vi-
able intraparenchymal lesions, 312 with calcified NCC, and
193 with subarachnoid NCC. Overall, 60% of the participants
(n = 504/840) were male. There were significantly more male
subjects in the viable intraparenchymal and in the sub-
arachnoid NCC groups (n = 127/193, 65.8% and n = 257/335,
76.7% respectively), than in the calcified NCC group (n = 120/
312, 38.5%) (P < 0.001, chi-squared test). The median age for
all participants was 41.8 (IQR: 33.2-54.1) years. Patients with
subarachnoid NCC were significantly older than those with
parenchymal NCC, viable, or calcified (median 46.0 years,
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IQR: 37.4-58.8 versus 40.3, IQR: 33.0-53.0 and 39.1 years,
IQR: 31.2-52.9, respectively, P < 0.001, Kruskal-Wallis test).
Most of the participants were single in all groups (250/333,
75.1% in the intraparenchymal group 234/311, 75.2% in the
calcified group; and 131/184, 71.2% in the subarachnoid
group; P = 0.555). Also, the subarachnoid group had the
highest proportion of participants without school education
with 10.3% (19/184) compared with the calcified NCC group
(14/311, 4.5%) and intraparenchymal viable NCC group (10/
333, 3.0%) (P = 0.001) (Table 1).

The median follow-up time for the entire study population
was 6.8 (IQR: 2.9-9.4) years. As the enrolled patients came
from original studies that were conducted in different years,
there was a differential follow-up time, higher in the intra-
parenchymal viable (median 9.7 years, IQR: 8.0-11.2 years)
than in the calcified NCC group (median 4.3 years, IQR:
2.0-5.6 years) or the subarachnoid NCC group (median
66.9 months, IQR: 14.9-98.4 months) (P < 0.001).

A total of 42 subjects died during the follow-up period, six
(1.8%) in the intraparenchymal viable group, four (1.3%) in the
calcified NCC group, and 32 (16.6%) in the subarachnoid NCC
group (P < 0.001, chi-squared test). In comparison to survi-
vors, the subjects who died were significantly older (median
age 53.5 years, IQR: 41.5-60.3 years versus 41.1 years, IQR:
33.0-53.2 years, P < 0.001, Wilcoxon rank-sum test), and had
lower education levels (19.4% with no studies versus 4.6%,
P < 0.001, chi-squared test), with a low proportion of them
being single (63.9% versus 74.8%, not statistically significant
P = 0.145, chi-squared test) and a slightly higher proportion
being male (73.8% versus 59.3%, not statistically significant
P =0.061, chi-squared test) (Table 2). Within the subarachnoid
NCC group, the presence of concomitant intraparenchymal
NCC lesions did not affect the likelihood of dying (23/32,
71.9% in those who died, compared with 117/161,72.7%, P =
0.754, chi-squared test).

The crude mortality rate (deaths/1,000 inhabitants) was
165.80in the subarachnoid group, 17.91 in the intraparenchymal
group, and 12.82 in the calcified group. The respective age-
adjusted mortality rates using direct standardization were
144.13,17.83, and 12.35. Using indirect standardization with the
2009 Peruvian population as reference, the SMR was 1,603.9%
in the subarachnoid group, 186.2% in the intraparenchymal
group, and 117.4% in the calcified group. The respective age-
adjusted mortality rates were 107.30, 12.45 and 7.85.

Figure 1 shows the impact of the type of NCC on mortality
as Kaplan—-Meier survival curves. The 5-year survival prob-
ability for the intraparenchymal group was 98.2 (95% CI:

Characteristics of the study subjects (n = 840)

Characteristic Total (n = 840) Intraparenchymal viable (n = 335) Calcified (n = 312) Subarachnoid (n = 193) P-value

Gender < 0.001
Female 336 (40%) 78 (23.3%) 192 (61.5%) 66 (34.2%)

Male 505 (60%) 257 (76.8%) 120 (38.5%) 127 (65.8%)

Age (years) 41.8 (33.2-54.1) 40.3 (33.0-53.0) 39.1 (31.2-52.9) 46.0 (37.4-58.8) <0.001
Marital status™ 0.555
Single 615 (74.3%) 250 (75.1%) 234 (75.2%) 131 (71.2%)

Others 213 (25.7%) 83 (24.9%) 77 (24.8%) 53 (28.8%)

Level of education* 0.001

No studies 43 (5.2%) 10 (3%) 14 (4.5%) 19 (10.3%)
Any studies 785 (94.8%) 323 (97%) 297 (95.5) 165 (89.7%)
Years of education* 11 (6-11) 11 (6-11) 11 (9-11) 11 (6-11) <0.001

*We could not gather data on marital status and education from 12 patients.
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TABLE 2
Characteristics according to vital status in all subjects
Characteristic Survived (n = 798) Died (n = 42) P-value
Gender 0.061
Female 325 (40.7%) 11 (26.2%)
Male 473 (59.3%) 31 (73.8%)
Age (years) 41.1(33.0-53.2) 53.5(41.5-60.3) < 0.001
Marital status*
Single 592 (74.8%) 23 (63.9%) 0.145
Others 200 (25.2%) 13 (36.1%)
Level of education* < 0.001
No studies 36 (4.6%) 7 (19.4%)
Any studies 756 (95.4%) 29 (80.6%)
Years of education” 11 (6-11) 7 (4-11) 0.003

*We could not gather the marital status and education from 12 patients.

96.1-99.2), similar to the calcified group that had a survival of
98.4 (95% Cl: 95.8-99.4), but it was much lower in the sub-
arachnoid group with 83 (95% Cl: 76.4-88.6). At 10 years, the
survival probabilities were still the same for the viable intra-
parenchymal and calcified groups and even lower for the
subarachnoid group with 74.4 (95% CI: 64.6-81.9) (P <
0.001, log-rank test).

In a crude Cox proportional hazard regression model, the
subarachnoid NCC group had an HR of dying of any cause
of 15.08 (95% CI: 6.27-36.29, P < 0.001) compared with
the intraparenchymal viable group, and 11.70 (95% CI:
4.10-33.43, P < 0.001) compared with the calcified group.
Age adjustment affected only slightly the HR values to 13.57
(95% CI: 5.58-32.99, P < 0.001) and 10.70 (95% CI:
3.72-30.78, P < 0.001).

DISCUSSION

Our study demonstrated a much higher mortality rate
in subarachnoid NCC than either viable or calcified NCC.

Although this could be apparent to clinicians in endemic re-
gions, controlled studies are absent from the literature. In
addition, quantification of the markedly higher mortality risk of
subarachnoid NCC should help focus in improving the man-
agement and perhaps early diagnosis of this type of disease to
decrease this excessive mortality.

Neurocysticercosis is an endemic zoonosis in most de-
veloping countries, where it constitutes the most common
cause of adult-onset epilepsy. Cases are also increasing in
developed countries because of migration.'™” The spectrum
of clinical presentation is wide and not limited to epilepsy. It
results from several factors including the number, size, stage,
and location of the parasites, as well as the immune response
of the host.*>'° From all variables influencing the presentation
and prognosis of NCC, perhaps the one with the stronger
impact is the localization of the parasites inside the CNS.
Intraparenchymal NCC follows a more benign course and
usually presents with epilepsy.!® Extraparenchymal NCC
tends to cause intracranial hypertension and hydrocephalus,
symptoms associated with cranial nerve involvement, and
even stroke related to vasculitis in the most severe cases. Its
more aggressive form, subarachnoid NCC, involves lesions in
spaces such as the Sylvian fissures and basal cisterns,” is
frequently associated with lesion growth, and may require
surgical management to remove the NCC lesions and/or treat
hydrocephalus.’*®

Because of the nature of their neurological symptoms, both
types of NCC can be associated with increased mortality.
Epilepsy patients are more prone to accidents and trauma
because of seizures.?’ Also, antiepileptic drug use and
concomitant psychiatric conditions may be associated to
increased suicide risk in epilepsy patients.?'?2 Patients with
generalized seizures may present with sudden unexpected
death in epilepsy.2®2* In the subarachnoid NCC group, intra-
cranial hypertension may lead to death if not treated promptly.

Probability of survival

Viable intraparenchimal
Calcified
Subarachnoid

10 15

Follow up (years)

Ficure 1. Probability of survival in patients with intraparenchymal viable, calcified, and subarachnoid Neurocysticercosis. This figure appears in

color at www.ajtmh.org.
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Sudden death in a patient with hydrocephalus with no history of
epilepsy has been reported.?® Neurosurgery in NCC includes
cyst extraction and shunt placing, and new techniques have
reduced the perioperative complications. However, shunt fail-
ure and late infection are not uncommon?® and may also lead to
death. Antiparasitic treatment also increases the risk of death
because of inflammation that can lead to seizures, edema, and
hydrocephalus. Brain stem compression due to mass effect is
another cause of death.’*5#® In a recent series, mortality in a
treated group of subarachnoid NCC patients with a close
follow-up was null.2” In Peru, poor access to specialized health
services such as MRI is common in regions where this disease
is endemic, which may also contribute to mortality.

The nature of our case-based study design does not allow
us to extrapolate our findings toward city- or countrywide
numbers. In Mexico, deaths due to NCC were 0.5% of the
annual incidence cases of NCC with a loss of 7,062-disability
adjusted life years in 2012,%2 accounting for a total economic
loss of over 289 million USD due to both morbidity and pre-
mature mortality.2® In the United States, most NCC-related
deaths occurred in immigrant Latin American patients and
were related to hydrocephalus, brain compression, and epi-
lepsy, for an annual mortality rate of 0.06 per million population
over a 13-year period.*° Neurocysticercosis mortality in Sao
Paulo, Brazil, decreased from high 2.51 deaths in 1987 to0 0.88
deaths per 1,000,000 inhabitants in 2003. A nationwide study
in Brazil showed a similar trend but also showed higher mor-
tality rates in highly endemic locations. Most deaths were also
associated to intracranial hypertension, followed by cerebral
edema and hydrocephalus.'®'

The overall mortality was 5.0%. As expected, mortality was
much higher in the subarachnoid group (16.6%) than in the
other two groups (1.8 in intraparenchymal viable and 1.3% in
calcified NCC). Subarachnoid NCC had the highest crude and
age-adjusted mortality rates, followed by intraparenchymal
viable and calcified groups. Similar differences were found
when standardizing to the Peruvian population, with a marked
increase in mortality for subarachnoid cases, almost twice the
risk for individuals with viable parenchymal cysts, and only a
slight increase for those with calcified lesions only. Factors
associated with increased mortality in bivariate analysis were
older age and lower education, and there was a marginal as-
sociation with higher risk for males. In the survival analysis, we
found hazard risks more than 10 even after age adjustment.

Our study has limitations. Our study population was seen at
a neurological referral facility where patients have access to
appropriate neurological diagnosis and care. In endemic re-
gions, it is likely that some patients with NCC die before being
diagnosed or receiving specialized care, and as such, our
numbers may underestimate the true mortality of the disease.
This study describes any-cause mortality that may include
causes unrelated to NCC. We did not have data on the specific
cause of death. However, this should not differentially affect
the mortality by type of NCC, as suggested by the concor-
dance in mortality rates for both groups of parenchymal NCC.
We also included follow-up data from two different periods,
and secular trends may have influenced our analyses. Finally,
we included patients with intraparenchymal lesions in the
subarachnoid group because these mixed forms are treated
as subarachnoid NCC, prioritizing the most severe form. Al-
thoughiit is possible that the additional impact of parenchymal
cysts could have worsened the prognosis of the underlying

subarachnoid disease, we did not find differences in the dis-
tribution of these mixed forms in both the surviving and dead
groups.

Subarachnoid NCC is already a challenge. Its diagnosis
requires advanced imaging tools, and its management re-
quires specialized and prolonged surgical and medical care.
Factors that we believe may have contributed to mortality in
this group and need to be explored in future studies are the
delay in diagnosis, the presence of hydrocephalus, and in-
tracranial hypertension. Other factors related to treatment that
could increase the risk of death are surgery complications and
long-term use of corticosteroids. The markedly high mortality
described here for patients with subarachnoid NCC should
prompt clinicians and policy makers to impulse the develop-
ment of interventions aimed to decrease mortality in this
higher risk group.
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