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Abstract: The complicated pathophysiological and immunological changes in the central nervous 

system of patients with neurocysticercosis produce a variety of signs and symptoms, which complicate 

the clinical and surgical management of this disease. A complete and objective classification is needed, 

to improve the medical approach as a whole. We studied 336 patients, in whom we classified neurocys

ticerosis according to criteria of viability and location of the parasite in the CNS: active form (37.2%) 

when the cysticercus is alive, transitional form (32.8%) when it is in the degenerative phase, and 

inactive form (30%) when the parasite is dead. This classification establishes the correlation between 

the different forms of neurocysticerosis and its clinical manifestations, and can be used for planning 

therapeutic strategies. 

Resume: La neurocysticerose : ebauche de classification. Les changements physiopathologiques et 

immunologiques complexes du systeme nerveux central chez les patients atteints de neurocysticercose donnent lieu 

a des signes et a des symptomes varies qui compliquent le traitement clinique et chirurgical de cette maladie. Nous 

avons besoin d'une classification complete et objective de la neurocysticercose afin d'ameliorer l'approche medicale 

globale. Nous avons etudie 336 patients atteints de neurocysticercose, dont nous avons classifie la maladie selon 

des criteres de viabilite et de localisation du parasite dans le systeme nerveux central : la forme active (37.2%) 

quand le cysticerque est vivant, la forme transitionnelle (32.8%) quand le parasite est en phase degenerative et la 

forme inactive (30%) quand le parasite est mort. Cette classification etablit la correlation entre les differentes formes 

de neurocysticercose et leurs manifestations cliniques et peut etre utilisee pour planifier des strategies therapeutiques. 
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Human cysticercosis, or larval stage of the Taenia solium, is 

the most common parasitic illness that affects the central ner

vous system (CNS), especially in countries where the sanitary 

infrastructure is deficient. In Latin American countries, the fre

quency of neurocysticercosis (NC) is very high, reaching 3.6% 

in some regions,
1 and it is becoming increasingly common in 

developed countries, because of immigration from endemic 

regions.2 We find it even in communities which do not eat pork 

and whose residents have not traveled to a country where T. 

solium infection is endemic.3 Since NC is a great public health 

problem, it is important to have a clear understanding of 

this disease in order to implement the necessary preventive 

measures. 

The natural history of the cysticercus in the CNS is, to date, 

not completely known; however, the CT scan in the last decade, 

and now the MRI,4 have been very useful in the study of the bio

logic evolution of the cysticercosis in the CNS, especially in the 

brain parenchyma. Many authors have described the CT appear

ance of parenchymal lesions of NC related to the stage of the 

larva.5-9 When the larva is alive, the cyst is well circumscribed, 

and does not exibit contrast enhancement; on the other hand, 

when the larva is dead, the lesion consists of a punctate calcifi

cation. Intermediate stages between the inert cyst and 

calcification are varied, but all represent various stages of granu

loma formation.5 These granulomatous lesions exhibit ring or 

nodular constrast enhancement, usually associated with cerebral 

edema.5-9 The MRI is useful in detecting cysts and the accompa

nying signs of cyst degeneration and pericystic inflammation, 

but it is inferior to a CT scan in the detection of parenchymal 

calcifications.4 

The great variability of NC clinical manifestations, characterized 

by remissions and relapses, has contributed to the development 

of a variety of NC classifications, which differ widely according 

to the criteria of each author.1016 A classification which catego

rizes all the NC forms is needed, to facilitate medical and surgi

cal management as well as research. We propose a classification 

which accomplishes these objectives and correlates CT findings 

with the pathological changes of NC. 
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METHODS 

Three hundred and thirty-six patients with NC were studied 

between July 1986 and June 1990. This series included all out

patients as well as inpatients treated in the "Vicente Corral 

Moscoso" Hospital in the city of Cuenca, Ecuador. A CT Scan 

with intravenous contrast injection was obtained from all 

patients following standardized procedures. 

Cerebrospinal fluid (CSF) was obtained in all hospitalized 

patients (161) by lumbar puncture and was analysed according 

to a standardized routine, which included cell counts, sugar and 

total protein measurements, fungi, Koch bacili, and syphilis 

tests, and an enzymatic immunological (ELISA) test for cys-

ticercosis.
17 Biopsy, cisternography, angiography and myelogra

phy were carried out in some cases when the investigators 

judged necessary, according to the diagnostic criteria. 

For this report, we considered the following clinical criteria: 

Seizures, according to the definition recommended by the ILAE;'
8 

stroke, defined as an acute neurological deficit not related to 

epileptic seizures, originating in the distribution of a brain 

artery; cranial neuropathies, where a deficit of one or more cra

nial nerves was present, not due to a parenchymal lesion; and 

normal pressure hydrocephalus characterized by dementia, gait 

apraxia and incontinence. The other specific syndromes men

tioned in this study were defined according to standardized 

criteria.
19

 NC was diagnosed on the basis of CT scan images, 

CSF examinations and special complementary procedures, 

according to the criteria described below. 

Criteria for diagnosis and classification 

NC was classified according to viability and location of the 

parasite in the CNS. As to viability, the following categories 

were identified: 1) Active, when the parasite is alive. 2) 

Transitional, if it is in the degenerative phase. 3) Inactive, if there 

is evidence of its death. Regarding the location, the brainstem-

spinal and cerebral-hemispheric locations were recognized. For 

the purposes of this study only the cerebral-hemispheric location 

was classified, and each viability category was subdivided into 

parenchymal and extraparenchymal forms. 

Active forms 

Active Parenchymal The CT scan shows one or more 

rounded and hypodense areas of variable size without enhance

ment by contrast media (Figures 1 and 2). 

Figure 1: Post-contrast CT scans; Left, parenchymal cysts without 
enhancement, (active phase). Right, ring-enhancing cysts (transitional 
phase). Both slices show calcifications (inactive phase). 

Figure 2: Post-contrast CT scans; Top left, occipital active cyst. Top right, 
13 months later, the cyst was replaced by a calcification. Center left, a 
ring-enhanced cyst (transitional phase). Center right, three months after, 
it is reduced in size with homogeneous enhancement. Bottom left, a cyst 
with nodular contrast enhancement (transitional phase). Bottom right, 
two years after, the lesion has disappeared. 

Active Extraparenchymal The CT scan (metrizamide 

cisternography) shows a hypodense image in the subarachnoid 

or ventricular space. The cyst deforms the surrounding struc

tures or non-communicating hydrocephalus occurs when the 

cyst is located in the ventricles. 

Active Parenchymal plus Extraparenchymal combination 

of the above forms. 

Transitional forms 

Transitional Parenchymal The CT scan shows either or 

both of the following images: 1) One or more rounded hypo

dense areas, with an annular enhancement surrounded by 

edema. (Figures 1 and 2), 2) Irregular hypodense areas, with 

either small nodular images, and diffuse edema, or hyperdense 

masses without enhancement. (Figure 2). 

In the transitional parenchymal category was also included 

the "encephalitic" form; where the CT scan shows diffuse cere

bral edema and small or collapsed ventricles. After the adminis

tration of the contrast media, multiple, small, hyperdense, 

nodular, or annular images were disseminated throughout the 

whole cerebral parenchyma. 
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Transitional Meningeal Inflammatory changes in the CSF 

(pleocytosis above 6 cells per cubic millimeter, protein levels 

higher than 50 mg/100 ml, or both) with at least one of the 

following conditions: a) positive immunological (ELISA) test 

for cysticercosis in the CSF, b) subcutaneous cysticercus shown 

by biopsy, c) calcifications in soft parts, shown in a simple 

x-ray study. This category could be combined or not with 

hydrocephalus, in which CT scan shows enlarged ventricles. 

Transitional Parenchymal plus Meningeal combination of 

the above two forms. 

Inactive forms 

Inactive Parenchymal One or more calcifications, shown 

in the CT scan by a rounded, homogeneous hyperdense area, 

showing no enhancement of the contrast media
20

 (Figures 1 and 2). 

Inactive Meningeal Hydrocephalus with normal CSF in 

combination with the above parenchymal calcified form. 

Those cases with more than one viability stage were classi

fied according to the most active lesion detected. For example, if 

an individual had active, transitional, and inactive lesions, the 

case was considered active (Figure 1). 

RESULTS 

There were 169 (50.3%) females; the mean age was 35 (±18) 

years, with a range from 2 to 87. The description and findings of 

the proposed classification are demonstrated in Table 1. The 

active forms were identified in 125 (37.2%) patients, the 

transitional in 110 (32.8%), and the inactive in 101 (30%). 

The most frequent clinical manifestations in all forms of NC 

(Table 2) were seizures (71%), intracranial hypertension (27%), 

cranial nerve abnormalities (21%), and motor abnormalities 

(16%), followed by dementia (8%), stroke (7%), and cerebellar 

syndrome (7%). Other syndromes, such as, confusional, 

chiasmatic, extrapyramidal, periaqueductal, and normal pressure 

hydrocephalus, appeared in lower percentages. 

The frequency of clinical manifestations corresponding to 

each NC form is shown in Table 2. Seizures were more common 

in all parenchymal forms (75-88%), than in the extraparenchy-

mal (0%-50%). Intracranial hypertension was more frequent in 

the extraparenchymal forms (86%-100%) than in the parenchy

mal (0-18%). Cranial nerve abnormalities were present in 78% 

of the transitional parenchymal plus meningeal forms, in 60% of 

the meningeal forms, and in only 8% of the inactive parenchy

mal forms. Differences between the clinical manifestations of 

parenchymal and extraparenchymal forms were significantly 

different in all cases (Chi square test: p values < 0.005). 

DISCUSSION 

Before the advent of the CT scan, several authors published 

different classifications of NC based on varied clinical and 

anatomical criteria.1013
 NC is characterized by clinical polymor

phism; in almost every patient the disease takes its own particu

lar course, depending on personal immune reponse, the severity 

of infection, and the location and number of parasites.21
 This has 

caused difficulties in developing a uniform criterion for NC 

classification among different authors. 

Volume 21, No. I — February 1994 

Table 1. Classification of Neurocysticercosis. 

VIABILITY Number of Percentage 

Location patients 

ACTIVE: 125(37.2) 

Parenchymal 90 26.7% 

Extraparenchymal* 7 2.1% 

Parench.+ Extraparench. 28 8.3% 

Total Active 125 37.2% 

TRANSITIONAL 110 (32.8) 

Parenchymal 82 24.4% 

Meningeal 10 2.9% 

Parench.+ Mening. 18 5.3% 

Total Transitional 

INACTIVE 101 (30) 

Parenchymal 

Meningeal 

Total Inactive 

TOTAL FOR ALL PATIENTS 

110 

87 

14 

101 

336 

32.8% 

25.9% 

4.1% 

30.0% 

100.0% 

*Includes subarachnoid-meningeal and intraventricular locations. 

Table 2. Clinical Manifestations 

VIABILITY No. 
Location Patients 

in 336 Patients with 

Seizures 
n(%) 

I.H 
n(%) 

Neurocysticercosis. 

M.A. 
n(%) 

C.N.A* 

n(%)° 

ACTIVE 

Parenchymal 90 74(82) 9(10) 22(24) 14(15) 

Extraparenchymal 7 0 6(86) 1(14) 2(10) 

Parench.+Extraparen. 28 12(43) 24(86) 8(28) 10(38) 

TRANSITIONAL 

Parenchymal 82 72(88) 15(18) 12(14) 12(14) 

Meningeal 10 2(20) 10(100) 1(10) 6(60) 

Parench.+Mening. 18 6(33) 16 (89) 6(33) 14(78) 

INACTIVE 

Parenchymal 87 66(75) 0 3 (3) 7 (8) 

Meningeal 14 7(50) 12(86) 2(14) 6 (4) 

TOTAL 336 239(71) 92(27) 55(16) 71(21) 

* I.H: Intracranial hypertension. M.A: Motor abnormalities. 
C.N.A: Cranial nerve abnormalities. 

0
 Number and percentage of patients in each of the NC categories. 

A criterion based on the prognosis of the illness as malignant 

or benign seems useful,
15

 but it limits itself to this particular 

factor of the prognosis. Other investigators used such ambigu

ous terms as "acute encephalic",22
 "encephalitic cysticer

cosis"
23

-
24

 "acute edematosis", and "tumoral edematosis",
8 

which are related terms that refer to specific clinical and radio

logical syndromes. 

Sotelo et al.14
 propose an interesting classification criterion 

using active and inactive forms based on the viability, which 
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means that the parasite could be alive or dead in the CNS of the 

host. However, their definition of active and inactive is unclear. 

Among the so-called "active forms", they include cysts in a 

degenerative process, where the parasite is dead and therefore 

belongs to another specific evolutionary stage, with different 

clinical and therapeutic repercussions. Likewise, they included 

cysticercotic arachnoiditis among the active forms, but it is not 

clear how they demonstrated the viability of the parasite in this 

NC form. More than 50% of their patients belonged to the 

"combined" forms, but they did not specify the type of combina

tion, and their study also lacks clinical correlation. Bittencourt 

et al.16
 propose a modification of this classification, by simplify

ing the active forms to intraparenchymal and extraparenchymal, 

but they did not categorize a high percentage of patients that 

have active and inactive forms combined. 

The viability criterion is very important, as it allows us to 

analyze the natural history of the parasite, and, according to the 

parasite's evolutionary stage, the production of physiopathologi-

cal changes in the host's CNS. Identification of the phase of 

implantation of the parasite in the CNS is, so far, imperfect; but 

once the parasite is established in the parenchyma, it evolves 

through vesicular, colloidal, granular-nodular and calcified 

phases.
25 So far there is no experimental evidence that reflects 

this sequence; nevertheless, CT scanning or MRI can identify 

these phases. 

In the vesicular phase the larva lives in a transparent liquid, 

surrounded by a thin, translucent, white membrane, and it can 

remain viable for anywhere from a few months to several 

years.25 When the larva is viable, the CT scan shows circum

scribed hypodense areas, of variable size and number, without 

enhancement of contrast media.5"9 This phase corresponds to the 

"active parenchymal" form in our classification (Figures 1 and 2). 

During the transitional phase two pathological changes take 

place: i) in the colloidal phase, the parasite begins to show 

degenerative changes, the vesicular liquid takes on a gelatinous-

colloidal aspect, and the wall begins to thicken.
25 The CT scan 

in this phase shows an annular captation of the contrast media, 

surrounded by an irregular perilesional edema (Figures 1 and 2). 

ii) in the nodular-granular phase, the vesicle tends to shrink, and 

its content becomes semisolid, being progressively replaced by 

granulomatous tissue.25 These findings could correspond to the 

simple CT scan that shows a diffuse hypodense area with irregu

lar borders; after the administration of the contrast media, we 

observe a small hyperdense, rounded, nodular image surrounded 

by edema (Figure 2). In these two consecutive phases the para

site appears to be dying; thus, it cannot be considered either as 

active, nor as "inactive", due to the inflammatory response of 

the cerebral tissue. It is an intermediate form, that some authors 

call the acute phase.25-27 We feel that this name is somewhat 

ambiguous, due to the unknown duration of this sequence. We 

propose a new category, therefore, which we call "transitional", 

inasmuch as the cysticercus is in a degenerative process.28-29 

The cysts in the transitional phase may be single or multiple. 

In the latter case (Figure 1), if they are combined with other 

cysts in the vesicular phase and disseminated calcifications in 

the cerebral parenchyma, the most likely diagnosis is NC. 

However, when there is only one cyst in the transitional phase, 

the differential diagnosis must take into account other patholo

gies, such as tuberculoma, abscess, and metastasis.5-9-29-30 During 

these stages there is an inflammatory reaction of the brain tissue 

adjacent to the cyst and marked cerebral edema. Although these 

pathological changes are responsible for symptomatology, usu

ally consisting of seizures or headaches, this reaction may not 

cause any symptoms at all. 

One of the NC forms that has different clinical and radiologi

cal characteristics from those described above is the so-called 

"cysticercosis encephalitis" that occurs in children and young 

women.6-
23

-
24

 The CT scan image, as described above, is very 

definitive. These images may appear during the implantation 

phase or may be associated with the degenerative stage, that is, 

during a transitional form. The underlying pathology in the 

encephalitic phase appears as an intense inflammatory reaction 

composed of lymphocytic, plasmocytic and eosinophilic cell 

exudate.25 

Finally, the dead organism is reabsorbed, or a mineralization 

process occurs until it calcifies and lodges permanently in the 

CNS.25 This calcification is a sequel to the final phase of para

site evolution. It is the "inactive" form of the NC14 and corre

sponds to the "inactive parenchymal" form in our classification 

(Figures 1 and 2). 

The parasite can also be located in the subarachnoid space or 

inside the ventricular system, where its evolutive process is little 

known. Surgical data establish that the parasite in this location is 

in the vesicle stage;
31-32 therefore, it corresponds to the active 

extraparenchymal form of our classification. On rare occasions 

and for causes still unknown, the cysticercus located in the sub

arachnoid space can evolve into the racemose form of NC; in 

our series there were 7 such cases. The racemose form 

("Traubenhydatiden") develops when the parasite vesicles are 

located in the arachnoidal cisterns. The cysts undergo hydropic 

degeneration resulting in large bullous vesicles.25 

When the parasite is located in the subarachnoid space, it can 

also cause a meningeal inflammatory process, pleocytosis, and 

increased CSF protein.I4-
16

-
33

-
34

 The parasite is trapped inside the 

gummatous thickening of the leptomeninges. Proper identifica

tion of the parasite is done through histological examination of 

stained sections.25 Arachnoiditis produces obstruction of the 

CSF circulation and hydrocephalus. Although we could interpret 

this disorder as an immunological reaction against the cys

ticercus inside the subarachnoidal space,14 this does not 

necessarily indicate the viability of the parasite. Therefore, this 

process cannot be identified as an active or inactive form. We 

prefer to call it a "transitional meningeal" form. 

As a sequel to the above inflammatory process, fibrosis of 

the leptomeninges may cause chronic hydrocephalus.25-34 

Viewed with the naked eye, it is difficult to differentiate one 

specimen with basal meningitis from other chronic infectious 

pathologies, e.g., tuberculous meningitis. Moreover, a normal 

CSF study neither eliminates nor confirms the cysticercosis 

diagnosis or the parasite viability. We believe that the only way 

to identify this form of NC is by detection of the calcifications 

in the cerebral parenchyma, which indirectly establishes the 

"etiology" of this finding. This is the "inactive meningeal" form 

in our classification. 

On the basis of our results, it is possible to relate clinical 

manifestations to each category of the proposed classification. 

For example, seizures were the main symptom in the majority of 

patients with active (82%) and transitional parenchymal forms 

(88%) to which the inflammatory reaction of the adjacent brain 

tissue may also contribute as a trigger factor. On the other hand, 

the cranial nerve abnormalities and the intracranial hypertension 

syndromes were more frequent in the meningeal forms, due to 

the arachnoiditis process. 
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Some authors
21

-
35

 recommend the use of anticysticercal drugs 

in almost all NC forms except the calicified one. We feel that in 

the transitional phase, neither anticysticercal drugs nor surgery3
-

29 

are necessary because the parasite is dying and the infection 

is reso lv ing spontaneously . It is usually possible to control 

the s y m p t o m s by means of symptomat ic therapy.
27

-
36

 Some 

physicians would administer anticysticercal drugs for the active 

forms of NC in order to accelerate the death of the parasite.37 

However, since parasite death occurs naturally, some authors 

prefer not to actively intervene with therapy.29-38-39 These argu

ments may become academic in view of the results of a recent 

study40 which supports the position of treating both active and 

transitional phases of cysticercosis since seizure activity appears 

to be improved by antihelmintic therapy, even when the parasite 

is dying. Further studies are needed to confirm this work. 

Our proposed classification allows the design of research pro

jects to evaluate the effectiveness of anticysticercal drugs and 

improve the study of the clinical manifestations of all NC forms. 
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