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The Role of Conventional MR Imaging Sequences
in the Evaluation of Neurocysticercosis: Impact
on Characterization of the Scolex and Lesion

ORIGINAL
REsEARcH | Burden
L.T. Lucato BACKGROUND AND PURPOSE: There are few studies comparing the capacity of lesion detection of
M.S. Guedes conventional MR imaging in neurocysticercosis (NCC). This study was designed to clarify its role in the
J.R. Sato evaluation of this disease, focusing on the total number of lesions identified and the characterization
o ) of the scolex.
L.A. Bacheschi ) ] ) )
LR. Machad MATERIALS AND METHODS: MR images from 115 patients were prospectively collected during a
-n. Machado 3-year interval, including axial spin-echo (SE) T1-weighted; axial fast SE T2-weighted; axial fluid-
C.C. Leite

attenuated inversion recovery (FLAIR); and gadolinium-enhanced axial, coronal, and sagittal SE T1-
weighted sequences. They were compared regarding the potential for detection of NCC lesions and
specifically of the scolex.

RESULTS: Comparing all sequences, we found that FLAIR images were more sensitive to the detec-
tion of the scolex (P < .003), whereas the last gadolinium-enhanced T1-weighted series (coronal or
sagittal) identified the highest number of lesions (P < .001).

CONCLUSION: When dealing with NCC, optimal MR imaging protocols should include FLAIR images to
obtain maximal rates of scolex detection. Special attention should be paid to the last gadolinium-

N eurocysticercosis (NCC) is a clinical condition character-
ized by the parasitic involvement of the central nervous
system (CNS) by the larval stage of the pork tapeworm Taenia
solium. Humans become the intermediate host in the life cycle
of the tapeworm by ingesting its eggs from contaminated wa-
ter or uncooked food,' though recently the possibility of direct
infection from a symptom-free carrier in the household has
gained attention.” After the larvae are ingested, they lodge pre-
dominantly in the brain, muscles, and other soft tissues.’
When in the CNS, the larvae most frequently land in the pa-
renchyma but not infrequently can lodge inside the ventricles
and subarachnoid space, or a combination of these.® Lesion
location is critical in symptom development.®*

Diagnosis of NCC was greatly improved by the introduction
of CT and MR imaging. These imaging techniques depict the
location and number of lesions and their stages and the degree of
inflammatory response to the parasite (perilesional edema and
blood-brain barrier breakdown).*> MR imaging is considered
the most accurate technique to accomplish this task; however, CT
is more sensitive for detection of calcifications.”™

Specifically from a diagnostic standpoint, from the many
imaging findings of NCC, only the presence of cystic lesions
demonstrating the scolex can be considered pathognomonic.’
The scolex is visualized as a bright nodule within the cyst,
producing the so-called “hole-with-dot” imaging that is seen
in some vesicular cysts located in the brain parenchyma, the
subarachnoid space, or the ventricular system.'® Revised diag-
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enhanced sequence, which maximizes the quantification of lesion load.

nostic criteria for NCC consider that cystic lesions showing the
scolex on CT or MR imaging are an absolute criterion for
diagnosis of the disease, allowing its definitive diagnosis."'

Guidelines for treatment of NCC must be individualized in
terms of number and location of lesions and must be based on
the viability of the parasites within the nervous system.'>'’
MR imaging covers all these aspects, representing a powerful
tool to support therapeutic decisions. Because of the epidemi-
ologic importance of NCC and the pivotal role of MR imaging
in its evaluation,'* our purpose was to determine the optimal
conventional MR imaging protocol when scanning patients
with NCC by using a comparison of different sequences in a
large cohort of subjects.

Materials and Methods

Patients

One hundred fifteen patients were initially referred by the neurology
clinic of our institution. These patients were diagnosed with NCC on the
basis of fulfillment of the “Definitive Diagnosis” category of the “Pro-
posed Diagnostic Criteria for Neurocysticercosis,” produced during the
International Symposium of Neurocysticercosis held at Lima, Peru, in
2000." These patients were prospectively studied by using MR imaging
between February 2000 and November 2003. Inclusion criterion was an
interest in taking part in the study. Exclusion criteria were presence of any
coexistent CNS pathology, especially infections, and also refusal to take
part in the study. These patients, 42 women and 73 men, ranged in age
from 4 to 64 years (mean age, 36 = 11 years). The study was approved by
the internal review board of our institution.

MR Imaging

MR imaging examinations were performed in 2 whole-body scanners
operating at 0.5T (Gyroscan T5 II; Philips Medical Systems, Best, the
Netherlands) and 1.5T (Signa Horizon LX; GE Healthcare, Milwau-
kee, Wis) with a standard quadrature head coil.
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MR imaging protocol included the following sequences in all pa-
tients: axial spin-echo (SE) T1-weighted imaging (TR = 466—620 ms,
TE = 12-14 ms, section thickness = 5—6 mm, matrix = 256 X 192,
NEX = 2, FOV = 24 X 24 cm or 18 X 24 cm), axial fast spin-echo (FSE)
T2-weighted imaging (TR = 4400-5700 ms, TE = 100—120 ms, echo-
train length = 22-27, section thickness = 5—6 mm, matrix = 320 X 224
or 256 X 256, NEX = 2, FOV = 24 X 24 ¢cm or 18 X 24 cm), axial
fluid-attenuated inversion recovery (FLAIR) imaging (TR = 9600—
11,002 ms, TE = 148—157 ms, inversion time = 2100—2300 ms, section
thickness = 5—-6 mm, matrix = 256 X 160, NEX = 1, FOV = 24 X 24 cm
or 18 X 24 cm), and axial/sagittal/coronal SE T1-weighted imaging after
injection of paramagnetic contrast (gadolinium) in the standard dose of
0.1 mmol/kg, with the same parameters as listed previously.

MR Imaging Analysis

Two experienced neuroradiologists (M.S.G. and C.C.L., with 10 and 12
years of experience in neurologic MR imaging, respectively) indepen-
dently reviewed all the images. Only intracranial lesions were evaluated.

MR imaging examinations were grouped according to each of the
sequences obtained by using hard copies as follows: axial SE T1 (T1),
axial FSE T2 (T2), axial FLAIR (FLAIR), gadolinium-enhanced axial
SE T1 (T1-Gd), and the last SE sequence of the 3 postcontrast series
(coronal or sagittal). This sequence, the last gadolinium-enhanced
(last T1-Gd) series, was acquired on average 8 minutes and 58 seconds
after contrast injection.

Both observers analyzed 1 group of images at a time, independently,
in different sessions, starting with the T1 and finishing with the last T1-
Gd. There was a gap of at least a week between reading 1 group of images
and the other. All images were evaluated with respect to lesion location
(parenchymal, ventricular, or subarachnoid), total number of lesions de-
tected (regardless of their stage), and the ability to depict the scolex (de-
fined as a central or eccentric nodule in the wall of a cystic lesion).

Statistical Analysis
The total number of lesions detected by both examiners and also the
total number of scolices were entered into the analysis.

Agreement between examiners in each of the MR images was an-
alyzed by using paired Student ¢ tests to investigate any kind of exam-
iner bias and also by calculating the Spearman correlation coefficient
(p) as a measure of coherence. Differences in the mean total number
of lesions detected and in the mean total number of scolices depicted
by the 5 MR sequences were assessed by using the Friedman test for
more than 2 related samples. Post hoc comparisons were performed
by using paired Student  tests. A P << .05 was considered a statistically
significant difference. All P values were 2-tailed.

Results
Sixty-nine examinations (60%) were performed on the 0.5T
magnet and 46 (40%) on the 1.5T. We evaluated a total of 115
examinations of patients with NCC; that means 675 sequences
were analyzed (5 sequences per patient). There were no differ-
ences in the findings of our study when we analyzed separately
examinations performed on 0.5T and 1.5T magnets (data not
shown), so our option was to use the combined data from both.

Regarding the topography of the cysticercotic lesions on a
patient basis, we found that 80 patients had exclusively paren-
chymal lesions (69.6%), 6 had ventricular lesions (5.2%), and
11 had subarachnoid lesions (9.6%). Eighteen patients
(15.6%) had a combination of these.

Comparing both examiners for each MR sequence, we
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Table 1: Mean total number of lesions detected in each MR
sequence

MR Imaging Sequence

Axial Last (coronal or
T T2 FLAIR T1-Gd sagittal) T1-Gd
Mean total of 10.95 14.91 14.58 14.84 18.97*
lesions
Note:—Mean total of lesions indicates pooled data of examiners A and B (N = 115).

* P < .001 for the global Friedman test and P < .003 for all post hoc comparisons.

found no significant differences between them regarding total
number of lesions and scolices (P = .07-.90, for all paired
Student ¢ tests). Moreover, there is a significant correlation
between examiners (p = 0.87—0.97, P < .001). Putting this in
perspective, we accomplished comparative analysis among
MR sequences by using pooled data from both observers.
When analyzing the total number of lesions in any possible
stage, we verified that the last T1-Gd series detected signifi-
cantly more lesions than did FLAIR, T1-Gd, T1, and T2 series
(P <.001 for the global Friedman test and P <.003 for all post
hoc comparisons) (Table 1 and Fig 1). Evaluation of the num-
ber of scolices depicted within NCC cysts showed that a sig-
nificantly higher number were identified on the FLAIR se-
quence compared with all other sequences (P < .001 for the
global Friedman test and also for all post hoc tests) (Table 2
and Fig 2).

Discussion
NCC is considered the most common parasitic disease of the
CNS.>'>1* At the present time, this disease is endemic in several
parts of the world, constituting a major public health issue, espe-
cially in some developing countries.*” Recently, immigration
from endemic areas has increased the prevalence of this disease in
developed countries.>'® In Latin America, an estimated 75 mil-
lion people live in areas where neurocysticercosis is endemic, and
approximately 400,000 have symptomatic disease.'® Immunoas-
says for diagnosis of NCC include analysis of serum samples,
which can be done by using enzyme-linked immunoelectrotrans-
fer blot (EITB); CSF samples can be studied by using either EITB
or enzyme-linked immunosorbent assay (ELISA).> Although
EITB and ELISA have good specificity and sensitivity, their major
limitation is related to patients with single intracranial cysticer-
cus, in whom up to 40% can test negative for NCC.'” New diag-
nostic techniques in this field, such as mitochondrial DNA anal-
ysis, seem promising.'®

Current strategies for diagnosis of NCC include neuroim-
aging studies,' because a wide variety of neurologic syndromes
can be associated with the disease. MR imaging findings are
protean, depending on the stage of evolution of the larvae and
on the fact that a single patient can present lesions in different
stages of the disease simultaneously."® Four recognized stages
are the following: vesicular, colloid vesicular, granular nodu-
lar, and nodular calcified."®

In the vesicular stage, the cysticercus is viable and elicits few
inflammatory changes in the surrounding tissues. In this stage,
the cyst has a thin wall and the cyst fluid has signal intensity
similar to that of CSF in all sequences. In viable cysts, an ec-
centrically located mural nodule represents the scolex. No
contrast enhancement or edema is seen.

In the colloidal stage, as an inflammatory reaction develops



image (arrowhead in C).

around the cysticercus, its
wall thickens and the vesicu-
lar fluid takes on a gelatinous
colloidal aspect. Cystic fluid
now has a signal intensity
slightly distinct from that of
CSF in all sequences. The
scolex begins to show signs of degeneration, and a gradual
decrease in the size of the lesion is noticed. Contrast enhance-
ment, usually peripheral, and perilesional edema are seen.

The parasite is already dead in the granular nodular stage,
and the retracted lesion begins to mineralize. It becomes semi-
solid as it is progressively replaced by granulomatous tissue.
There is nodular or ring enhancement of the lesion, and edema
is less extensive,"»*>7%20:2!

In the nodular calcified stage, the lesion is completely min-
eralized. These lesions appear as small nodules with hypoin-
tensity on T2-weighted and T2*-weighted images, better de-
tected on CT studies. Some calcified lesions present persistent
contrast enhancement on MR imaging"*>??; others may lead
to active inflammation during therapy.'?

Besides parenchymal NCC, the second most common site is
ventricular,” especially in the fourth ventricle. The lesions are
difficult to characterize in CT studies'® and can be missed even in
MR imaging if one is not aware of the possibility of lesions in the
ventricles. Signal intensity of the cyst is slightly different from that
of CSF, usually without enhancement. Hydrocephalus is com-
monly detected and can be related to the clinical presentation of
ventricular NCC, due to obstruction of CSF flow.*

Subarachnoid NCC usually involves the basal cisterns and
Sylvian fissures. These cysts have a signal intensity similar to
that of CSF and usually do not enhance after the use of gado-
linium. There is associated mass effect, causing local subarach-
noid enlargement and a multiloculated appearance.”> The
scolex is rarely seen."’

Table 2: Mean number of scolices detected in each MR sequence

MR Imaging Sequence

Axial Last (coronal or
T T2 FLAIR T1-Gd sagittal) T1-Gd
Mean number of 857 837 11.30% 9.23 9.33
scolices
Note:—Mean number of scolices indicates pooled data of examiners A and B (N = 115).

* P < .001 for the global Friedman test and also for all post hoc tests.

Fig 1. Axial T1-weighted (A), axial T2-weighted (B), axial FLAIR ((), axial gadolinium-enhanced T1-weighted (D), and last gadolinium-
enhanced (coronal) T1-weighted images (£) show that there is a left frontal lesion characterized clearly only in the last gadolinium-enhanced
image (arrow in F). Notice also the presence of a left parasagittal parietal lesion, cystic, with the scolex seen as a bright dot in the FLAIR

This study presents a comparison among different MR images
from a large sample of patients with NCC. Regarding location of
lesions, parenchymal location predominated in this sample,
which is in agreement with similar data in the literature.’

Itis important to detect as many NCC lesions as possible
because the number of lesions remains a main issue when
treatment options are discussed.'? For instance, massive
infections of the CNS are a potential contraindication to
antiparasitic treatment. Considering this specific topic, we
found that the last T1-Gd images demonstrated signifi-
cantly more lesions than did all other sequences. This find-
ing could be explained by an improvement in the detection
of lesions in the degenerative phase (vesicular colloidal,
granular nodular, and, in some cases, calcified nodular),
which are prone to present enhancement’ related to an
active inflammatory reaction elicited by the parasite in
these stages.”* Another factor probably related specifically
to the superiority of the last T1-Gd series over the first
gadolinium-enhanced sequence (T1-Gd) is the presence of
time-dependent variations in image contrast. This is a well-
known phenomenon affecting other CNS diseases.>**’

FLAIR images show the scolex as an eccentrically punctate
bright signal intensity within the neurocysticercotic cysts.”® A
few studies addressed the advantages of using FLAIR images in
the evaluation of NCC, but the results are scarce and related to
the study of the disease as a whole,>*%%2°

The International Symposium in Lima, Peru in 2000 in-
cluded the presence of the scolex in a given cystic lesion as an
absolute diagnostic criterion of NCC, allowing unequivocal
diagnosis of this disease.'' It was demonstrated in the present
study that FLAIR images disclosed more scolices than any
other sequence, so we can speculate that in some specific set-
tings, FLAIR can help to firm a final diagnosis of NCC. FLAIR
was the one and only sequence to demonstrate the scolex in a
significant number of patients, allowing the definitive diagno-
sis of NCC that was not possible using other sequences.

Our study has some limitations. NCC can sometimes present
as tiny lesions, and the section thickness used in our protocol
(5-6 mm) could potentially lead to an underestimation of the
presence of these lesions, though this limitation was exactly the
same for all sequences. We did not use a T2* sequence in our
protocol, so the characterization of calcified lesions was impaired,
though some of them could be occasionally identified in the T2
sequence and included in the total amount of lesions.
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Fig 2. Axial T1-weighted (A), axial T2-weighted (B), axial FLAIR (), and gadolinium-enhanced axial T1-weighted (0) images demonstrate that the ability to detect the scolex is present,
in this case, only in the FLAIR image (arrow in ).

The fact that different magnetic fields were used for these
examinations could also be a limitation, though this repre-
sents an issue mainly for calcifications, where detection relies
on susceptibility effects (which are more prominent at 1.5T),
and also for contrast enhancement, where conspicuity paral-
lels roughly the magnetic field intensity. However, our find-
ings were similar in both fields; besides, it is important to
emphasize that these findings are also valid in low-field mag-
nets, especially if we take into consideration that in developing
countries, where NCC is endemic, they are quite common.

Because there were obvious differences among the types of
images, the observers could not be blinded to the type of se-
quence they were evaluating. At least in part, one could spec-
ulate about some kind of learning effect leading to the superior
performance of last T1-Gd, because it was systematically the
last one to be analyzed. This probably has negligible influence
because there was a reasonable time interval between readings
in each group of images and the number of examinations to be
analyzed was huge. Another point is that if there was some
kind of learning effect, the number of lesions would probably
increase from the first to the last sequence analyzed, which is
something not appreciated in this study.

Future studies could address other important issues, such
as the role of T2* images in the evaluation of this disease,
compared specifically with CT to disclose calcifications, and
also relatively new techniques such as diffusion-weighted im-
ages, if they somewhat impact the management of this disease.

Conclusion

Detection of a higher infection burden by the last T1-Gd series
is an important aspect, which can have impact on therapeutic
decisions, so it is necessary to pay close attention to this se-
quence. FLAIR images detect a significantly higher number of
scolices than other sequences, which is helpful for the diagno-
sis of NCC.
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