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Abstract Twenty-six patients with cysticercosis of the
brain parenchyma were treated with the antihelmintic
agent praziquantel (50 mg per kilogram of body weight
daily for 15 days). During treatment a strong inflammatory
reaction accurred, as evidenced by increased protein and
cells in the cerebrospinal fluid. This finding correlated
with headache, exacerbation of neurologic symptoms, and
edema and inflammation around cystic lesions.

After three months of treatment all patients had im-
proved clinically, and 13 (50 per cent) ware asymptomatic.
The total number of cysts on CT scans had decreased

YSTICERCOSIS is the most common parasitosis
affecting the central nervous system, and it is
endemic in many developing countries.! Massive
immigration from endemic areas is making neurocys-
ticercosis a common disease in countrics that were
previously free of it.** The disorder produces a com-
plex neurologic picture with many degrees of severity,
depending on topography and the number of lesions,
Parasites can be located in the brain parenchyma,
subarachnoid space, or ventricular system in a highly
variable number of combinations.# Secondary to the
parasitic infestation is an inflammatory reaction that
produces additional complications and in many in-
stances causes more neurologic disturbances than
does the parasite 1isefl. Thus, neurocysticercosis 1= a
disease composed of several syndromes.®
Until recently the only therapeutic approaches in
this disease were steroid treatment and in some cases
surgical removal of large cysts or use of a ventriculo-
atrial shunt for relief of hydrocephalus. In 1978 Cha-
varria and Gonzalez” reported a successful treament
of porcine cysticercosis with a pyrazinoisoquinoline —
2-{cyclohexylecarbonyl)-1,2,3,6,7,1 1 b-hexahydro-4 H-
pyrazinol |2, 1-alisoquinolin-4-one — which is now
known as praziquantel®” and is an antihelmintic with
activity against all known species of schistosomas.'™!!
In 1980 Robles and Chavarria obrained a beneficial
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from 152 at the beginning of treatment to 51, and the mean
diameter of cysts was reduced by 72 per cent. CT scans
showed improvement in 25 of the 26 patients, with total

remission of all cysts in nine. Seventeen control pa-
tients followed with CT studies for a mean of 92 months
had no spontaneeus remission of lesions, and in many
cases the scans showed worsening during the observa-
tion period.

Our results indicate that praziquantel is effective in cys-
ticercosis of the brain parenchyma. (N Engl J Med 1984;

310:1001-7.}

response in a patient with neurocysticercosis treated
with praziquantel. 12 Later, this ﬁnding was confirmed
by other reports.'*!7

However, most of these studies included a variety of
forms of neurocysticercosis, such as those character-
ized by parenchymal calcifications, cysts, hydrocepha-
lus and intracranial hypertension, and for that reason
subjective evaluation of the response was the rule. In
some cases simultaneous administration of steroids al
the time of reatment made the results difficult 1o as-
sess, since the relief of symproms obtained with ster-
oids in neurocysticercosis is due to their antiinflamma-
tory action and is transient. Clinical evaluation alone
for a supposed anticysticercus drug 1s not wholly reli-
able in patients with neurocysiicercosis, simce some
commaon signs and symptoms may remain or follow an
unpredictable course even after the destruction of
parasites. In the case of hydrocephalus secondary to
basal arachnoiditis, the obsiruction of cerebrospinal-
fluid circulation is due to fibrosis and inlammatory
exudates within the subarachnoid space; thus, it is
unlikely that the cerebrospinal-fluid transit would be
free after the disappearance of cysticercus.

A high percentage of patients with neurocysticerco-
sis have seizures, which theoretically could continue
once the epileptic focus has been established; 10 addi-
tion, anticonvulsant therapy must not be suspended
during the testing of anticysticercus drugs. Thus, the
presence of epilepsy, a major sign of neurocysticerco-
s18, cannot be taken as a reliable source of iInformation
about the therapeutic response. Another common
symptom of neurocysticercosis is headache, whose fol-
low-up is difficult and imprecise. The location of cysts

Reprinted from The New England Journal of Medicine
30:1001-1007 (April 19), 1984



is also important. Drug levels in blood are different
from levels in ventricular or subarachnoid cerebrospi-
nal fluid; consequently, the expectﬁd results would be
different, depending on parenchymal, ventricular, or
subarachnoid localization of parasites.

To investigate the possible role of praziquantel in
the treatment of neurocysticercosis, we sclected a
group of patients with parenchymal macrescopic cysts
demonstrated by computed tomography (CT), in
whom an objective evaluation could be made after
treatrnent. In this form of neurocysticercosis, though it
is not the most frequent, it is possible to obtain direct
evidence on the effects of the drug on the parasite.

MeTHODS
Selection of Patients

Twenty-six patients were selected from a large group of patients
with neurocysticercosis who were studied at the Instituto Nacional
de Meurclogia v Neurocirugia de México. The following criteria
were used: all patients selected had macroscopic cysts shown by
simple and contrast OT scanning'® (the number of cysts ranged
from one large cyst 1o 38 (mean £5.E,, 5.821.2); all patients were in
good general health, and their neurologic disease was stable; and all
were free of intracranial hypertension, Patients who did not meet

these criteria were excluded. The ages of the patients ranged from
I8 o 53 wears, with a mean of 3327, The male/female ratio was
13/13; no children, elderly patients, or pregnant women were select-
e, The diagnosis of parenchymal cysticercosis was confirmed with
the information obtained from climical studies, an enzyme-linked
immunosorbent assay for cysticercosis in blood, studics of cerebro-
spinaf Auid, and CT scanning. However, the principal criterion for
selection of patients was based on the CT image of large cysts thar
could be easily ollowed in subseqguent studies, Patients in whom
contrast CT scanning showed parenchymal cysts surrounded by
edema and an intense concentration of contrast mediom around
lesions were not chosen for the trial, since we have abserved that in
some patients the cyst is spontaneously replaced by inflammatory
tissue within a few months:'?

All selected patients (Table 1) had large cysts with Tittle or no
tomographic evidence of inflammation around lesions; therefore,
spontanecus remission of cysts was not expected in the short erm.
Mine patients had negative results on the enzyme-linked immuno-
sorbent assay for cysticercosis i serum; this was considered (o re-
flect immune tolerance to the parasite, since the patients selecied
had no radiologic evidence of an inflammatory reaction to the cysts.
Fifteen patients had negative tests for cysticercosis in the cerebrospi-
nal fAuid ar the beginning of the trial. However, the presence of
multiple cysts in brain parenchiyma and the absence in Mexico of
other disorders, such as echinococeal cysts, that could give a similar
tomographic picture made the diagnosis of neurocysticercosis high-
ly probable, In our experience many patients with parenchymal
cysticercosis do not have alterations in the cerebrospinal Auid when
cyats are not in contact with the subarachnoid space,

Table 1. Resulls of CT Scanning before and after Treatment with Praziquantel in 26 Patients with Neurocysticercosis,
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Controls

Two groups of controls were studied: 12 parients {Group A)
served as their own controls, since studies in these patients {CT scan
and spinal-fluid examinartion) had been performed | to 14 months
{mean, 6.4%1.5) before the praziguantel trial, with a total of 77
monihs of observation. In addition, five paticnts with multiple pa-
renchymal cysts (control Group B) were chosen from the CT-scan
archives of the neuroradiology department. Selection was made
with the same radiologic criteria used for praziquantel ireatment,
antl all patienty in this group had been clinically followed for 7 1o 27
manths (mean, 13.6:23.4), with a total of 75 months af abservation.
These patients had only the initial CT scan without radiologic fol-
low-up; therefure, the long-term evolution of cysts was not known at
the time of selection. These contrel patients were recalled, and new
CT scans were obtained.

Treatment and Follow-up

Informed consent was obtained from all patients before the trisl.
Praziquantel was administered at a daily dosage of 50 mg per kilo-
gram of body weight, distributed in three doses during 15 days '*
Steroids were not given at any time during or after treatment with
praziquantel, Only drugs for relicf of symptoms, such as anticon-
vulsants, analgesics, or antivertiginous agents, were prescribed
as needed. The patients remained at the hospltal during the rreat-
ment, Clinical examination was performed every day during reat-
ment and every month afterward. CT scanning and studies of cere-
brospinal fluld were pedformed on the day belore the swre of
treatment, on the last day of treatment, and three months after
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the end of treatment. Although the trial was designed w bave a
follow-up period of three monthy, ot the tme of data analysis,
12 patients had been studied for up to six months afier the end of
treatment. Neurologic status was recorded for cach patient, and a
subjective, individualized clinical score ranging from 0 (asymp-
tomatic) to 4+ was assigned according (o the severity of signs and
symploms, Twenty-four paticnts had cpilepay, 12 had chronic head-
ache, 3 had psychiatrie disturbances, one had hemiparesis, one had
chorea, and one had chronic vertigo. All patients were clinically
observed by the same nedrologist. Cerebrospinal fluid was obiained
by lumbar puncture and analyzed for cell and protein content; com.
plement-fixation tests for cysticercosis™ anid engyme-linked im-
munoserhent assays for the disease were performed belore and after
treatmend,

Simple and contrast CT scanning was performed with an EMI
1005-unit scanner with a 160-by-160 martris.'"" Macroscopic cysts
were counted for every patient; the same cvst appearing on different
CT slices was counted only once. The maximum diameter of each
cysl was measured on the CT image with a micrometric scale with
an accuracy of 0.1 mm. The sum of the diameters of cysts in cach
patien] was plotted at each evalvation [Table 1). Measurements
were made directly on the CT image, which represents 32 per cent of
actual size. Summing of diameters of cysts was done with the resulis
obtuined directly un the CT photography, without arlthmetic con-
version to real size, Evaluation was made at the end of the trial, with
all radiologie material. Since evaluation of CT in objective it was not
blind. However, it was made independently by two groups of clini-
cians and radiologists, whose findings were the tame,

ResuLts

Control Groups

The 12 patients in Group A had had previous stud-
ies (mean follow-up, 6.4=1.5 months). The last CT
scan showed that in 4 of these 12 (Patients 14, 17, 24,
and 25) the cysts had remained unchanged in the peri-
od between the initial studies and the beginning of the
trial. In six (Patients 1, 10, 11, 12, 22, and 23) either
the cysts had grown or new ones had appéared (or
both). In each of the remaining two (Patients 16 and
21), who originally had 14 and 4 cysts, respectively,
one cyst had disappeared but the remaining cysts had
increased in size.

In the other five control patients (Group B, Table 2)
no spontaneous remission of parenchymal cysticerco-
sis was seen (Fig. 1). Two patients had new cysts (not
detected in previous CT scans), and in all five patients
the last CT scan demonstrated enlargement of cysts
after a mean of 15+3.8 months of follow-up (Table 2).
When Groups A and B were considered as a whole (17
patients) the CT scan demonstrated a 12 per cent in-
crease in the total number of cysts and a 14 per cent
increase in the size of cysts during a mean interval of
9=2 months, The cercbrospinal fluid and the clinical
status in these patients showed considerable variation,
with exacerbations and partial remissions related 1o
periods of steroid therapy.

Patients Treated with Praziquantel

During treatment 24 patients (92 per cent) had
exacerbations of nearologic symptoms or adverse re-
actions, mostly severe headache (92 per cent). Twelve
patienis with epilepsy had seizures during treatment.
In two patients an intracranial hypertension syn-



Table 2 Results of CT-Scanning in Follow-up of Five Control
Patients (Group B) with Parenchymal Neurocysticancosis,
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drome developed that did not require steroids or spe-
cial measures. Other reactions included hyperthermia
and vomiting; one patient had gastritis. All secondary
effects abated soon after the end of treatment. Three
months after the end of treatment, neurclogic symp-
toms and signs had improved in nearly all patients,
and 13 (30 per cent) were asymptomatic. Afler six
months of observation 7 of 12 evaluated patients (58
per cent) were asymptomatic,

The cercbrospinal fluid showed dramatic changes
with an inflammatory reaction during treatment in
many patients. Nine of 25 evaluated patients (36 per
cent) who had had normal levels of proteins (below 40
mg per deciliter) on the day before starting praziquan-
tel had a severe increase in proteins in cerehrospinal
fluid obtained on the last day of treatment. A similar
observation was made in the cell count; in 11 patients

who inttially had less than five cells per cubic millime-
ter, mononuclear pleocytosis developed. These alter-
ations had remitted in most paticnts when cerebrospi-
nal Huid was examined three months alter treatment,
The mean value for protein (in milligrams per decih-
ter) was 37%6 on the day before the start of treatment,
52+5 on the last day of treatment, 4023 three months
after treatment, and 3824 six months afier treatment.
The mean value for cells (per cubic millimeter) was
11£3 on the day before the start of treatment, 7822
on the last day of treatment, 252 10 three months after
treatment, and 827 six months alter treatment. The
complement-fixation test for cysticercosis in cerebro-
spinal fluid was positive on the last day of treatment in
six patients who had previously had negative tests,
The intensity of the complement-fixation reaction in-
creased with high dilutions in most positive spinal Au-
id obtained on the last day of treatment. The enzyme-
linked immunosorbent assay lor cvsiicercosis in serum
became positive in four patients who had previously
had negative tests (data not shown).

CT scans on the last day of treatment demonstrated
a concentration of contrast medium around the cysis
in many patients (Fig. 2 and 3}, This feature had not
been ohserved in previous CT scans (see Selection of
Patients). At this time 33 cysts from the original 152
had disappeared (22 per cent), and the diameter of
cysts in all treated patents combined had diminished
from 776.5 to 526.2 mm — a reduction of 31 per cent
{Table 1). Three months after treatment CT showed
that 101 cysts from the original 152 had disappeared
(66 per cent), and the total diameter of all cysts had
diminished from 776.5 to 215 mm — a reduction of 72
per cent. In 12 patients evaluated six months after
treatment, CT scans showed that 67 per cent of the
original cysts had disappeared with total remission,

Figure 1. Follow-up Contrast CT Scans of a Conlrol Patient with Multiple Parenchymal Cysis (Patient 2, Table 2), Showing
the Natural Evolution of this Form of Neurocysticercosis.

Part a shows 11 large cysts in the brain parenchyma. Par b, a scan taken afler 11 months, demaonstratas at least three new
oysts (amows) and enlargement of many of the cysts seen in the first scan.



and the total diameter of cysts had diminished by 80
per cent. Maost cystic lesions that showed remission
were nol replaced by inflammatory tissue (Fig. 3);
however, occasionally a small area ol inHammation in
place of the original cyst was observed in subsequent
sludies.

CT studies of the individual response to praziguan-
tel treatment alter three months of follow-up indicated
that total remission of all eysts was achieved in 9 of 26
patients {33 per cent) and a partial reduction in the
size of cysts was achieved in 16 of 26 patients (6] per
cent), of whom 11 had more than a 50 per cent reduc-
ton and 3 had less. One patient had no changes on the

' 2ean after three months of [n”nh-uil {Patient 10

Discussion

Our results indicate that praziguantel is an elfective
drug ( P=0.008 by Student’s t-test) for the treatment ol
cysticercosis of the brain parenchyma. lmprovemeni
on the CT image was observed in 96 per cent of pa-
tients, with a high percentage ol total remission of all
cyvstic lesions demonstrated by CT scanning {35 per
cent). Follow-up scans of control patients showed that
this form of ncurocysticercosis worsens in most cases

without spontaneous remission.

Figure 2. Contrast CT Scans before and after Praziguantel Therapy in a Patient with Macroscopic Cysticercus
{Patient 7, Tabla 1),

Part a shows a scan taken before treatment, in which 12 cysts were lound. Part b shows the same slice in the CT taken on the

last day of treatment; nole the intense concentration of contrast medium around the lesions. Part ¢ shows that after three

months, mast of the cysts disappeared. In Part d, a scan obtained six months after treatment, only two cysts remain (arrows)

with total resolution of most of the lesions found before treatment. However, the veniricies show enlargement due to residual
fibrosis in the subarachnoid space,



Long-term observation of patients with partial re-
mission will define the evolution of eysts alfected ini-
tally by praziquantel. On the basis of our data a sec-
ond treatment with praziquantel three months afier
the first might be recommended in patents with par-
tial resolution of ¢vsts. However, we do not know
whether improvement can be further increased with
subsequent treatments. Whether praziquantel has a
rale in the treatment of other forms ol neurocysticerco-
sis, such as arachnoiditis (the most common), multi-
ple miliary cysts with brain edema, intraventricular
cysts, and spinal cysticercosis, remains to he studied,
['he changes in the cerebrospinal fAuid of patients in
this study suggest that the effect of praziquantel is
extended to the subarachnoid space, although its pre-
cise therapeutic value in arachnoiditis is yet to be de-
termined.

Administration of praziquantel in healthy volun-

teers does not produce adverse reactions in the central
nervous system.”! Pharmacologic studies have not
shown toxicity at doses of 50 mg per kilogram and
have suggested that the drug is safe " If so, the
sccondary reactions occurring during treatment with
praziquantel in patients with neurocysticercosis may
be due to changes in the parasite that are induced by
the drug and that lead to a strong inflammatory reac-
tion i the host, This reaction must be considered a
possible source of risk in some cases;, although our
patients did not have serious complications, they were
selected patients without intracraninl hypertension
and were in good general health. Whether to adminis-
ter both praziquantel and steroids must be decided on
an indivicdlual hasis, particularly in patients with intra-
cranizl hypertension or an uncertain neurologic con-
dition.

The medical treatment of neurocysticercosis is

Figure 3. CT Scans Showing the Evolution of Cysticercosts in Patient 13 (Table 1) after Treatment
Part a shows a contrast CT taken belore treatment; a large frontal cyst was demonstrated. Parl b, a scan oblained on the las!
day of treatment, shows evidence of inflammation around the cyst. Three months later (Part ¢ the cyst was notably reduced
in size and was siill surmoundad by inflammation (armow). S months after treatment (Part d) the scan was normal. Note that
the lesion was not replaced by an mllammalory ssue response
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