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Objectives In patients with neurocysticercosis (NCC), an accurate risk prediction 
would allow a better therapeutic approach; however, there are currently no tools that 
can enhance the accuracy of risk prediction. We designed a prognostic scoring system 
to be used by neurologists and other physicians managing patients with NCC.
Materials and Methods Using data from clinical records of patients from a third-level 
national reference center for neurological diseases, we assessed demographic, clinical, 
and tomographic variables among 293 patients diagnosed with NCC. Multivariable 
logistic regression analyses were used to develop a clinical prognostic scoring instru-
ment. Patients with NCC were assessed for neurological impairment at 3 months after 
diagnosis.
Statistical Analysis Score accuracy was assessed by receiver operating characteristic 
(ROC) curve analysis. The primary outcome was the presence of neurological impair-
ment, resulting in disability according to self-report or caregiver reports; this outcome 
was assessed during follow-up visits at 3 ± 1 months after discharge.
Results The most common symptoms at presentation were headache (67%) and 
seizure (63%). A six-item (total score from –4 to + 2) prognostic instrument was con-
structed on the basis of the presence of seizures/headache at presentation, a leu-
kocyte count above 12x 109/dL, the presence of six to ten parasites, subarachnoid 
localization, and the use of anthelmintic drugs. Among 113 patients with negative 
scores, 79.6% developed neurological deficits. Among patients with scores of 1 to 2, 
64.6% recovered completely, with an overall accuracy of prediction of 74.7% and area 
under the ROC curve = 0.722 (95% CI, 0.664–0.780, p < 0.0001).
Conclusions The clinical prognostic scoring system for NCC described in this study is 
a new instrument for use in daily clinical practice. It is simple to administer, and it has 
a prognostic accuracy of 75%. Its use has the potential to improve the quality of care 
by guiding appropriate decision-making and early management of patients with NCC.
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Introduction
Neurocysticercosis (NCC) is a highly prevalent parasitosis 
worldwide1 for which there is not a universally accepted 
treatment regimen.2 The lack of consensus about treatment 
is due to the uncertainty that surrounds its clinical course. 
The complex interactions between the characteristics of the 
cysts (size, number and stage of infection) and the host can 
produce a wide variety of clinical manifestations. These man-
ifestations range from no symptoms to the development of 
a full-blown immune response against the parasites which 
usually involves intracranial structures near the cysts.3 The 
development of such an immune response and the degree of 
the associated inflammation are highly unpredictable.

Current epidemiological information appears to indicate 
that there is no immune response in most cases; neverthe-
less, when an immune response does occur, it can lead to a 
severe, disabling, and potentially lethal condition.4 Patients 
in the extremes of this clinical spectrum are easily identifi-
able. However, these patients constitute a small portion of all 
patients with NCC; therefore, more knowledge and experi-
ence in treating NCC are necessary for stratifying the risk of 
neurological impairment for a given patient.

A correct and accurate risk prediction would allow a better 
therapeutic approach by avoiding the treatment of low-risk 
patients while maximizing therapeutic efforts in patients at 
high risk of neurological sequelae.

Data derived from other medical specialties demon-
strate that the use of scales to measure or predict risk can 
improve the accuracy of outcome predictions in a clinical 
setting, especially for professionals without significant expe-
rience.5 In addition, prognostic scales can act as standardized 
measures in patients participating in diagnostic or therapeu-
tic trials.

Despite the significant burden of disease that comes with 
NCC, risk assessment in patients with the disease continues 
to be a very difficult task. Therefore, our objective was to 
develop a simple and reliable prognostic scale that can be of 
aid in daily clinical practice by studying the risk factor profile 
of a large sample of patients with NCC who develop neuro-
logical impairment.

Materials and Methods
This study took place in a national reference center for neuro-
logical diseases located in Mexico City. We obtained a prelim-
inary list of records from the Department of Epidemiology; 
the list included all patients presenting for care with NCC 
according to their discharge diagnosis. Based on that list, 
the investigators manually reviewed all matching hospital 
records between January 1, 2006 and November 30, 2009.

All patients included in this study fulfilled the criteria 
described by Del Brutto et al6 for the diagnosis of NCC. All 
patients were evaluated by a neurologist who made thera-
peutic decisions regarding medication use, diagnostic testing, 
treatment setting (in/out hospital), and need for neurosurgical 
procedures. All patients underwent at least two noncontrast 

cranial CT scans, which were the images that were recorded 
in our database. The attending neurologist also decided the 
timing and type of antiepileptic drug therapy for each patient 
regardless of the presence of seizures at presentation.

For each case, we recorded the following variables:

Demographics: age (in years), gender, and place of residence.

Clinical variables: weight in kilograms, height in meters, 
previous diagnosis of hypertension, diabetes mellitus, 
smoking, and the reason for presentation to healthcare (by 
self-report). Regarding treatment, we registered the use of 
antihelmintic medication, the use of steroids, and the need/
type of surgical intervention (ventriculoperitoneal shunt, 
cyst extraction).

Laboratory test results: these tests were all performed 
before the initiation of treatment: initial hemoglobin (mg/
dL), white blood cell count, serum eosinophils, and serum 
glucose (mg/dL), and in patients who underwent lumbar 
puncture, cerebrospinal fluid (CSF) glucose, cell count, and 
protein level.

Cranial CT scan: number of cysts, stage (vesicular, colloid, 
granular, calcified), cases in whom lesions in more than one 
stage where present, and location (subarachnoid, intraven-
tricular, parenchymal or a combination of locations). A sec-
ond investigator was consulted whenever there was doubt 
about any radiological features of a given case, and disagree-
ments were resolved by consensus.

Clinical outcome: we chose a dichotomous outcome (good/
bad) depending on the presence/absence of neurological 
impairment assessed during follow-up visits performed at 3 
± 1 months after discharge. For the purposes of this study, a 
bad outcome included the persistence of seizures and/or the 
presence of any other neurological symptoms that precluded 
the patient from the performance of their premorbid activi-
ties of daily living, according to self-report or caregiver report 
in follow-up visits. Such symptoms included motor deficits, 
visual field deficits, cognitive impairments, motor coordina-
tion deficits, balance impairments, and language disorders.

Statistical Analysis
We used the Kolmogorov–Smirnov test to examine the distri-
butions of the variables. Continuous variables are described 
as the mean (standard deviation [SD])/median (range) 
according to the observed distribution. Categorical variables 
are described as percentages.

Univariate analyses between groups according to out-
come were conducted with the Mann–Whitney U test and 
the unpaired t-test. The Chi-square test was used for categor-
ical comparisons. We created the necessary dummy variables 
from those variables containing more than one category.

For inclusion in the logistic regression models, significance 
was considered at ≤0.10; for the purposes of all other statis-
tical analyses, a standard p ≤0.05 was used to indicate signif-
icance. Variables that were identified as significant from the 
univariate analyses were then entered into logistic regression 
models to identify the independent predictors of either good 
or bad prognosis. We used stepwise regression with backward 
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elimination to construct the models. These models led to a final 
model with six variables that included one numerical variable; 
a receiver operating characteristic (ROC) approach was then 
used to determine an adequate cutoff point and transform the 
numerical variable into a dichotomous one. Once we obtained 
the cutoff point, the logistic regression was repeated to obtain 
a final model that included only dichotomous variables.

Based on the β coefficient for each variable included in 
our final model, a numeric score was assigned to define 
the scale. Finally, a ROC curve was obtained, and the area 
under the curve (AUC) was calculated with 95% confidence 
intervals.

Results
We identified and reviewed 322 records from which we 
eliminated 29 records (9%); the causes for elimination 
were an alternative diagnosis (n = 15, 4.7%) and a lack of 
follow-up (n = 14, 4.3%). Thus, the analysis contains data 
from 293 patients.

The mean age was 40.4 ± 14.3 years, and 141 patients 
were women (48.1%). The most common reasons for 
presentation for care were headache (n = 195, 66.6%) 
and seizures (n = 108, 63.1%). The frequencies of diabe-
tes mellitus and hypertension were both < 11%. Blood 
and serum analysis showed a mean concentration of 
14.9 ± 1.8 mg/dL for hemoglobin, 9.45 ± 4.1 mm3/dL for 
white cell count, 0.47 ± 0.63 mm3/dL for eosinophil count, 
and 112.1 ± 55.3 mg/dL for serum glucose.

Regarding the imaging findings, almost 50% of patients 
presented a cyst count between two and five. In 20 patients 
(6.8%), we observed racemose NCC, and in these cases, it was 
not possible to accurately count the cysts. We observed symp-
tomatic forms (vesicular and colloid cysts) in 83% of the cases. 
The most common localization was subarachnoid in 82%. Eight 
out of 33 of the subjects with > 10 cysts had parenchymal 
disease.

Up to 55% of the patients (n = 162) received anthelmintics 
and 82.3% received steroids (n = 241). Among these, 
154 patients received a combination of steroids and albenda-
zole, 87 patients received only steroids, and albendazole alone 
was given to eight patients (2.7%). No treatment was used in 
44 patients (15.0%). ►Table 1 shows all the variables evaluated 
in the univariate analysis according to clinical prognosis.

A CSF analysis was performed in 99 patients (33.8%); there 
were no differences between CSF results according to the 
outcomes, as shown in ►Table 2.

Outcomes
During the acute phase, 183 patients (62.4%) developed sub-
stantial neurological deficits. This included five deaths (1.7%), 
29 patients who were severely disabled or bedridden (9.9%), 
and 149 patients with mild-to-moderate deficits (50.8%). 
Nevertheless, these deficits were deemed permanent at 
the 3-month follow-up in only 151 patients (51.5%). These 
were the patients included in the bad outcome category. 
Epilepsy was the most common diagnosis (29.0%), followed 
by chronic headache (20.5%) and cognitive impairment (8.5%).

Construction of the Prognostic Scale
According to the results in the univariate analysis, 13 variables 
showed an association with the clinical outcome with a sig-
nificance level of ≤0.10; thus, these variables were entered 
into the multiple regression procedure. Using backward elim-
ination, those variables with significance levels ≥0.05 were 
removed from the model. Eventually, only six variables 
remained that were significantly associated with the clinical 
outcome and therefore constituted our final model.

The model included seizure and headache at presenta-
tion, leukocytosis (> 12x mm3/L), subarachnoid localization, 
a cyst count between 6 and 10 parasites, and the use of 
anthelmintics (►Table 3).

Based on the β coefficient values, we decided to assign 
the same relative “weight” to each component of the scale. 
Consequently, a scale can be constructed in which each of the 
four risk factors for bad outcome corresponds to one nega-
tive point or a positive point in the case of the two variables 
(headache at presentation and use of anthelmintics) that 
showed association with good outcome (►Table 4).

There were no patients with a score of − 4 points on the 
scale, but among those with a score of − 3 points, 90% devel-
oped permanent neurological impairments. Overall, a score 
below zero points predicted a bad outcome in 79.6% of the 
cases. Conversely, 64.6% of the patients with positive scores 
recovered completely (►Figs.  1  and 2). Using as threshold 
values the six scores of the scale found in our patients, a ROC 
curve was drawn; the AUC was 0.722 (95% CI: 0.664–0.780, 
p < 0.0001).

Discussion
Based on clinical data easily obtained at bedside or in the 
consultation room, this study led to the identification of 
six risk factors strongly associated with the development of 
permanent neurological impairment in patients with NCC. 
The obtained model is suitable for use as a score during daily 
clinical practice.

Concerning the variables that constitute our proposed scor-
ing system, we believe that overall, our results are in accordance 
with previously known data; for example, Sharma et al7 have 
previously reported seizures at presentation as one of the major 
risk factors for developing epilepsy in patients with single gran-
ulomas. Nevertheless, these authors also described headache as 
a factor that was associated with NCC-related epilepsy. The rela-
tionship between headache and NCC is very controversial, with 
some authors considering it to be both a symptom and a sequela 
of parasitosis.8 We tend to believe that although this may indeed 
be the case, in most patients seeking medical advice on the basis 
of isolated headache without abnormal findings in the neuro-
logical examination, the diagnosis of NCC is usually incidental 
and unrelated to the symptom, thus explaining why our results 
predicted a good clinical outcome. Additionally, epidemio-
logic4 and autopsy studies9 have shown that NCC has an asymp-
tomatic course in most patients. With headache being the most 
common cause of consultation worldwide, it is not surprising 
in an endemic country such as Mexico to frequently encounter 
incidental NCC. This is also explained by the increased use of CT 
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scans in patients with headaches. Despite the previous data, one 
must not forget those cases of NCC-related hydrocephalus in 
whom headache clearly derives from intracranial hypertension 

caused by an intracranial inflammatory reaction, resulting in 
a severe clinical form that has been called “malignant NCC” by 
Estañol et al.10

Table 1  Univariate analysis results according to clinical outcomes

All patients Poor outcome Good outcome p-Value

Demographic

Age a 40 (13–85) 40 (14–85) 0.599c

Female 141 (48.1) 69 (48.9) 72 (51.1) 0.391

Outpatient 98 (33.4) 55 (36.4) 43 (30.3) 0.161

Clinical

Seizure 108 (36.9) 82 (75.9) 26 (24.1) < 0.001

Headache 195 (66.6) 74 (37.9) 121 (62.1) < 0.001

Visual impairment 24 (8.2) 13 (54.2) 11 (45.8) 0.788

Motor impairment 23 (7.8) 14 (60.9) 9 (39.1) 0.351

Sensitive impairment 7 (2.4) 4 (57.1) 3 (42.9) 0.764

Transient loss of consciousness 6 (2.0) 4 (66.7) 2 (33.3) 0.685b

Cerebellar impairment 3 (1.0) 0 3 (100) 0.113b

Neuropsychiatric 15 (5.1) 11 (73.3) 4 (26.7) 0.083

Diabetes mellitus 18 (6.1) 9 (50.0) 9 (50) 0.893

Hypertension 31 (10.6) 14 (45.2) 17 (54.8) 0.453

Smoking 76 (25.9) 46 (60.5) 30 (39.5) 0.068

Laboratory

Hemoglobin (mg/dL) a 14.9 (9.4–19.1) 14.9 (3.7–30.8) 0.135c

Leukocytes (mm3/dL) a 8.6 (3.7–30.8) 8.0 (3.7–26.6) 0.013c

Eosinophils (mm3/dL) a 0.39 (0.0–6.0) 0.4 (0.0–4.3) 0.105c

Serum glucose (mg/dL) a 97 (58–717) 97.5 (59–297) 0.261c

Lumbar puncture 99 (33.8) 62 (62.6) 37 (37.4) 0.007

Cyst number Racemose 20 (6.8) 9 (45.0) 11 (55.0) 0.545

> 10 33 (11.3) 15 (45.5) 18 (54.5) 0.458

6–10 38 (13.0) 28 (73.7) 10 (26.3) 0.003

2–5 145 (49.5) 79 (54.5) 66 (45.5) 0.318

1 95 (32.4) 48 (50.5) 47 (49.5) 0.811

Cyst stage Vesicular 244 (83.3) 122 (50.0) 112 (50.0) 0.240

Colloid 27 (9.2) 13 (48.1) 14 (51.9) 0.712

Calcified only 22 (7.5) 16 (72.7) 6 (27.3) 0.039

Calcified + any other 68 (23.2) 36 (52.9) 32 (47.1) 0.791

Cyst location Subarachnoid 239 (81.6) 130 (54.4) 109 (45.6) 0.039

Intraventricular 116 (39.6) 47 (40.5) 69 (59.5) 0.002

Intraparenchymal 27 (9.2) 19 (70.4) 8 (29.6) 0.040

Anthelmintic use 161 (54.9) 72 (44.7) 89 (55.3) 0.010

Steroid use 239 (81.6) 120 (50.2) 119 (49.8) 0.339

All results to the Chi-squared test unless otherwise specified
aVariables are expressed as median (range) and unmarked variables are expressed as n (%).
bResult to the Fisher exact test
cResult to the Mann–Whitney U test
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Notably, in the study describing the malignant course 
of NCC, epilepsy was not considered a bad outcome; nev-
ertheless, modern standards of care deem this approach 

unacceptable.11 Thus, we included epilepsy in our poor 
outcome definition. Supporting our results, there is data 
from a randomized controlled trial that identified the 

Table 2  CSF analysis in 99 patients according to prognosis

Good outcome Poor outcome p-Value

Glucose 58 (11–148) 59 (12–379) 0.68

Cellularity 14 (0–234) 5.5 (0–253) 0.42

Proteins 48 (6–131) 34 (4–183) 0.06

Abbreviation: CSF, cerebrospinal fluid.
Note: All variables median (range). All results to the Mann–Whitney U test

Table 3  Beta coefficients along with the OR and 95% CI for each variable included in the main and simplified models

Variable β Coefficient p-value OR (95% CI)

Main modela

Seizure at presentation 1.210 < 0.001 3.352 (1.770–6.348)

Headache at presentation −1.060 0.002 0.347 (0.178-.673)

Leukocytes (mm3/dL) 0.076 0.027 0.926 (0.866–0.991)

Presence of 6–10 cysts 0.988 0.025 2.685 (1.131–6.373)

Subarachnoid location of the cysts 0.784 0.034 2.191 (1.061–4.524)

Use of anthelmintic medication −0.637 0.023 0.529 (0.305–0.917)

Constant 0.692 0.204 –

Simplified model with all dichotomous variablesb

Seizure at presentation 1.162 < 0.001 3.198 (1.683–6.076)

Headache at presentation −1.105 0.001 0.331 (0.170–0.647)

Leukocytes > 12,000 (mm3/dL) 0.889 0.011 2.432 (1.229–4.814)

Presence of 6–10 cysts 1.097 0.015 2.995 (1.234–7.267)

Subarachnoid location of the cysts 0.740 0.043 2.097 (1.022–4.301)

Use of antihelmintic medication −0.587 0.037 0.556 (0.320–0.966)

Constant −1.585 0.042 –

Abbreviations: CI, confidence interval; OR, odds ratio.
Note: Final result of multiple logistic regression procedures with backward elimination, including the 13 baseline variables listed in  ►Table 1, with 
p < 0.10 as initial independent variables.
amain model: overall R2= 0.234; p < 0.0001. Patients correctly classified (threshold = 0.5): 75.1%.
bsimplified model: overall R2 = 0.238, p < 0.0001. Patients correctly classified (threshold = 0.5): 74.7%.

Table 4  A clinical prognostic score for neurocysticercosis 

β Points

Seizure as initial 
manifestation

1.162 −1

Headache as initial 
manifestation

−1.105 1

Leukocytes > 12,000 
(mm3/dL)

0.889 −1

Presence of  
6–10 cysts

1.097 −1

Subarachnoid  
location of the cysts

0.740 −1

Use of anthelmintic 
medication

−0.587 1 Fig. 1 Predicted fraction of patients with good outcome at 3 months 
after diagnosis of neurocysticercosis based on the clinical outcome 
score (n = 293).
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generalizability of our scoring system in Asian endemic 
countries.

There are very good reasons why our scoring system can 
be of interest to neurologists. First, its numeric nature pro-
vides an objective measure of risk that can serve as a guide 
to therapeutic decisions; additionally, future researchers can 
use our system to stratify patients by risk or adjust results 
from previous trials. Its main strengths are the fact that it only 
requires simple and routinely obtained data, the ease of cal-
culation, the fact that it is derived from one of the largest sets 
of data ever published, and that it includes patients within the 
whole range of NCC manifestations. It also adds to the current 
evidence on the prognostic role of known variables and adds 
one previously unknown variable (leukocytosis). However, 
this scoring system also has some weaknesses that imply 
caution when interpreting our results and that explain why 
the accuracy of the score was not higher than 75%. The two 
main weaknesses that we have identified are the fact that all 
data was extracted from hospital records (even though each 
case was evaluated prospectively) and the need to eliminate 
records with incomplete information or lack of follow-up. 
Additionally, the selected outcome measure is mainly clinical 
and does not consider other aspects of the disease, such as 
the need for in-hospital treatment, requirement of surgical 
intervention, and the costs associated with all forms of treat-
ment, which are known to be considerable.22 Nevertheless, 
our main goal was to provide neurologists with a clinical tool 
capable of aiding decision-making during routine clinical 
duty; hence, our preference for a clinical outcome. These and 
other aspects indicate the need for prospectively validating 
these results in a specifically designed cohort, something we 
intend to do in the future. However, we strongly believe in 
the usefulness and value of the proposed scoring system and 
encourage its use among clinicians.

Conclusions
To conclude, we designed a clinical prognostic scoring system 
for NCC, which is a new instrument for use in daily clinical prac-
tice that has good prognostic accuracy and is simple to adminis-
ter. Despite its limitations, this scoring system can improve the 
quality of care of patients with NCC by guiding appropriate early 
management and eliminating some of the uncertainty that sur-
rounds many aspects of this highly prevalent parasitosis.

Note
This study was presented at the Neuroinfectious Diseases 
Section Highlights in the Field Session of the 65th Annual 
Meeting of the American Academy of Neurology.
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use of anthelmintics as a factor related to the preven-
tion of NCC-related epilepsy.12 The incidence of epilepsy 
has also been shown to be lessened by anthelmintics in 
patients with single cyst forms13 and multiple parenchymal 
forms.14 Additionally, current guidelines for the treatment 
of parenchymal NCC advocate the use of anthelmintics with 
the purpose of diminishing the number of cysts and the 
presence of epilepsy.2

The cyst location is also critical to the development of 
neurological sequelae; specifically, parasites with subarach-
noid locations can produce more severe symptoms because 
hyalinized membranes contribute to the formation of an 
inflammatory exudate that can lead to meningeal thicken-
ing and subsequent damage to neural tissue.15 This is why 
subarachnoid NCC, especially that located around the basal 
cisterns, is regarded as one of the most aggressive forms of 
the disease.16

Regarding the use of steroids, there is a great amount of 
controversy about their uses and real benefits. Current data 
and recommendations establish that the role of corticoste-
roid treatment remains uncertain.2,17 Our results appear to 
support the fact that steroid use plays only a small role, if 
any, in the clinical outcome of patients with NCC. It has even 
been suggested that the use of high doses of steroids can lead 
to the development of NCC forms that are highly resistant to 
anthelmintics.18 We also found an association of leukocy-
tosis with a poor outcome, which has not been previously 
reported in the literature. This result appears to support the 
role of systemic inflammation in the development of neuro-
logical impairment. Finally, in terms of the variable for the 
number of cysts, although we found a linear relationship 
between the number of cysts and clinical impairment, the 
best predictive value was present among those with a cyst 
count between six and ten. This finding will require further 
investigation because many different environmental19 and 
host20 factors are associated with cyst burden. Ethnic differ-
ences may also play a role because NCC encountered in Asia 
presents mainly with single cysts,17 while in Latin America, 
most cases carry multiple cysts.21 This data may limit the 
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