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Improved Detection of Intraventricular Cysticercal Cysts

with the Use of Three-dimensional Constructive
Interference in Steady State MR Sequences

Srikanth Subbamma Govindappa, Jayakumar Peruvamba Narayanan, Vasudev Mandapati Krishnamoorthy,

Chandrashekar Hoskote Shankar Shastry, Anandh Balasubramaniam, and Shankar Susarla Krishna

BACKGROUND AND PURPOSE: Before the advent of MR imaging, intraventricular cysts
were difficult to diagnose noninvasively. Among the invasive procedures used were contrast
ventriculography and CT ventriculography. MR imaging, with its multiplanar imaging capa-
bilities, excellent depiction of tissue contrast, and versatile parameters, is an important tool in
the assessment of intraventricular cystic lesions. We investigated the role of three-dimensional
constructive interference in steady state (3D-CISS) MR sequences in the evaluation of intra-
ventricular cysticercal cysts.

METHODS: The study group comprised 11 patients with intraventricular cysticercal cysts.
MR studiesincluded spin-echo (SE) T1-weighted, turbo-SE T2-weighted, and 3D-CI SS sequenc-
es. All images were obtained on a superconducting 1.5-T MR unit. The routine and 3D-CISS
sequences wer e reviewed and interpreted separately by two neuroradiologists.

RESULTS: All patients underwent surgery for excision of intraventricular cysticercal cysts.
Eight patients had cystsin the fourth ventricle, two in the lateral ventricle, and onein thethird
ventricle. SE T1-weighted images showed the cystic wall in nine cases, the scolex in four, and
the cystic fluid in two. Turbo-SE T2-weighted images showed the cystic wall and scolex in three
and four cases, respectively. The routine sequences did not show the scolex, cystic wall, or
cystic fluid together in any of the 11 patients. 3D-CISS images showed the scolex in all 11
patients and the cystic wall and cystic fluid in eight patients each. In seven of the 11 patients,

3D-CISS images showed the scolex, cystic wall, and fluid together.
CONCLUSION: The 3D-CISS sequence is more senditive and specific than routine SE se-
guences in the diagnosis of intraventricular cysticercal cysts.

Neurocysticercosis is endemic in developing coun-
tries, and patients present with a variety of mani-
festations. Cysts can be encountered in the paren-
chyma, ventricles, cisternal spaces, or in severa
locations at once. Intraventricular cysts cause hy-
drocephalus and are potentially fatal; they are not
aways amenable to medical management, and re-
quire surgica intervention either for removal or
CSF shunting. Before the advent of MR imaging,
intraventricular cysts were difficult to diagnose
noninvasively. Among the invasive procedures
used were contrast ventriculography and CT ven-
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triculography. MR imaging, with its multiplanar
imaging capahilities, excellent depiction of tissue
contrast, and versatile parameters, has made the di-
agnosis of intraventricular cysticercal cysts easy
(1-3). There, however, have been reports of missed
intraventricular cysticercal cysts on MR studies in
which only routine SE sequences were used (4).
Similarly, in our experience, routine MR sequences
failed to delineate all the features of an intraven-
tricular cysticercal cyst, necessitating invasive pro-
cedures in two patients. A limitation of the standard
spin-echo (SE) technique is that it requires rela-
tively thick sections (3 mm). Moreover, the long
acquisition time for high-resolution SE T1- and T2-
weighted sequences leads to image degradation re-
lated to increased patient motion and signal loss
(5). This prompted us to investigate the use of an
MR technique that is relatively easy, with higher
resolution and quicker acquisition times than rou-
tine sequences. One such technique is three-dimen-
sional constructive interference in steady state (3D-
CISS), a heavily T2-weighted high-resolution
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sequence that has proved useful in the evaluation
of cerebellopontine angle lesions and middle and
inner ear structures (6). We used this sequence to
study our patient population.

M ethods

Our study group included seven male and four female sub-
jects, ranging in age from 15 to 45 years. All the patients
presented with headache and vomiting, suggesting raised in-
tracranial pressure. In addition, one patient had diplopia and
another had blurring of vision. All the patients underwent CT
examinations, which revealed obstructive hydrocephalus,
prompting withholding of lumbar puncture. Subsequently, all
patients were examined with both routine and 3D-CISS MR
imaging sequences performed on a 1.5-T superconducting unit.
Routine MR sequences included SE T1-weighted and turbo-
SE T2-weighted images, obtained in axial, coronal, and sagittal
planes. The section thickness was 3 to 5 mm, and the inter-
section distance was 2 mm. Parameters for the SE T1-weighted
images were 350-966/12-14 (TR/TE), a field of view (FOV)
of 180—-250 mm, and a matrix of 192—256 X 256. Parameters
for the turbo-SE T2-weighted images were 3710-3800/90—
100, an FOV of 173-240 mm, and a matrix of 192-230 X
256. The routine sequences were reviewed, and regions sug-
gestive of intraventricular cyst were further defined by the 3D-
CISS sequence, which had parameters of 12.3/5.9, an FOV of
193 mm, and a matrix of 269 X 512; the slab thickness was
64 mm with 64 partitions, resulting in an effective thickness
of 1 mm. Total acquisition time for the routine T1- and T2-
weighted sequences was approximately 2 minutes 2 seconds
to 3 minutes 4 seconds; for the 3D-CISS sequence, acquisition
time was approximately 4 minutes 3 seconds to 6 minutes 1
second.

Images from both the conventional and 3D-CISS sequences
were reviewed and interpreted separately by two neuroradiol-
ogists. Visibility of the cystic wall, scolex, and cystic fluid
were specifically noted. Final decisions were reached by con-
sensus. All patients underwent surgery for excision of the
cysts, and histopathol ogic examination confirmed the diagnosis
in each case.

Results

Eight patients had cysts in the fourth ventricle,
two in the lateral ventricle, and one in the third
ventricle. The presence of cysticercal cystson MR
images was determined specifically by the identi-
fication of either the cystic wall, scolex, or cystic
fluid. Among the 11 patients, SE T1-weighted im-
ages showed the cystic wall in nine, the scolex in
four, and the cystic fluid in two. Turbo-SE T2-
weighted imaging was sensitive in identifying the
cystic wall in three patients and the scolex in four
patients. The routine sequences, however, did not
show the scolex, cystic wall, and cystic fluid to-
gether in any of the 11 patients. The 3D-CISS im-
ages showed the scolex in al 11 patients and the
cystic wall and fluid in eight patients each; the
cystic wall, cystic fluid, and scolex were seen to-
gether in seven patients. In three patients, the 3D-
CISS did not show either the cystic fluid or the
wall. At surgery, the cysts in these three patients
were collapsed; nevertheless, they produced ob-
structive hydrocephalus and therefore were
excised.
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Discussion

The differential diagnosis of an intraventricular
cyst includes choroid plexus cyst, ependymal cyst,
colloid cyst, and cysticercal cyst. Choroid plexus
cysts are usually asymptomatic and commonly lo-
cated in the posterolateral ventricles. Ependymal
cysts usually occur in the frontal horns of the lat-
eral ventricles and are usually asymptomatic unless
they obstruct the foramen of Monro. Colloid cysts
are commonly encountered at the roof of the third
ventricle, sometimes causing acute hydrocephalus
and, rarely, death.

Neurocysticercosis, an infestation by the larval
form of pork tapeworm (Taenia solium), is the
most frequent and widely disseminated human neu-
roparasitosis; it is endemic in many parts of the
world, particularly Latin America, Africa, and
Asia. Humans act as intermediary hosts after in-
gestion of mature, viable T. solium eggs via the
fecal-oral route. The cysticercal cysts may be en-
countered in the parenchyma, ventricles, or basal
cisterns, or in combined locations. Neurocysticer-
cosis may be asymptomatic or cause varied clinical
symptomatology, such as seizures, raised intracra-
nial pressure, ischemic cerebrovascular disease, de-
mentia, and signs of spinal cord compression (7).
These are determined by the number of cysts, their
location (parenchymal or ventricular), their stage of
evolution, and the intensity of the host’s immu-
noinflammatory response. By and large, parenchy-
mal cysticercosis causes seizures, whereas intra-
ventricular cysticercal cysts cause hydrocephalus.
In the present series, al the patients had obstructive
hydrocephal us.

Intraventricular cysticercal cysts constitute 7% to
20% of neurocysticercosis infections (8), but the fre-
gquency may be as high as 33% (9). They are poten-
tially fatal, with death resulting primarily from acute
hydrocephalus (10). Although the cysts are encoun-
tered in the laterdl, third, and fourth ventricles, the
fourth ventricle is the most common site of involve-
ment (11, 12), as it was in the present series. They
may degenerate, inciting an ependymal reaction that
can be identified on contrast-enhanced MR images,
leading to permanent neurologic complications (13).
Cysdticerca cysts in the fourth ventricle may cause
mass effect and result in herniation (14).

Until recently, the diagnosis of neurocysticercos-
is has been supported by cranial CT findings and
immunodiagnostic assays of CSE With the advent
of MR imaging, diagnosis has become easier, par-
ticularly in the ventricular locations (1, 2). MR im-
aging is not only superior to CT but is aso diag-
nostic in many CNS parasitic infestations,
including neurocysticercosis (15).

A typical cysticercal cyst measures about 8 to 20
mm and surrounds an elongated structure, the sco-
lex, which is fixed at one end and measures 6 X 3
mm (16). Chi-Shing-Zee et a (11) argue that the
various stages of evolution of a cysticercal cyst can
be differentiated on imaging studies. Clear fluid
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with an unidentifiable cystic wall can be seen in
stage 1. With aging, the parasite develops a thick-
ened wall, which is also identifiable on imaging
studies. In addition, the cystic fluid becomes more
turbid because of proteinaceous content, which can
also be appreciated on MR images. Fluid in appar-
ently live cysts has MR signal properties closely
paraleling CSF (2); however, cysts presumed to be
degenerated have increased signal intensity on T1-
weighted images (12, 17). Thus, the MR charac-
teristics of neurocysticercosis are variable and de-
pend on the stage of evolution of the cyst and its
location (15). Typically, the contents of the cyst are
hypointense on short-TR/TE images in the mgjority
of lesions, and the scolex is usually isointense with
brain (11, 16). On long-TR/TE images, the contents
become hyperintense, with loss of internal struc-
tural details.

All the patients in our series underwent both rou-
tine SE T1l-weighted and turbo-SE T2-weighted
MR imaging as well as 3D-CISS examination. The
majority of intraventricular cysticercal cysts con-
tained hypointense contents on short-TR/TE im-
ages (Figs 1 and 2). On long-TR/TE images, the
contents were isointense with surrounding CSF, and
the lesions were thus obscured (Figs 1 and 2). Ear-
lier investigators encountered similar difficulty in
trying to identify intraventricular cysticercal cysts
with routine SE T1- and T2-weighted imaging ow-
ing to the isointensity of the lesions with surround-

INTRAVENTRICULAR CYSTICERCAL CYSTS 681

Fic 1. A and B, Sagittal SE T1-weighted
(650/14/1) (A) and axial T2-weighted
(3800/90/2) (B) images show a dilated
fourth ventricle (arrowheads). No cyst is
seen.

C and D, Axial 3D-CISS (12.3/5.9/1) im-
ages show the cystic wall (arrows) and hy-
pointense scolex (arrowhead).

ing CSF (8, 12, 18). There have also been reports
of missed intraventricular cysticercal cysts on rou-
tine MR images (4). A limitation inherent in the
standard 2D Fourier transform SE T1- and T2-
weighted techniques is the relatively thick sections
(3 mm). Previous authors have observed that the
short-TR/TE technique is relatively T1-weighted
and not optimal for imaging fluid-filled structures,
such as the otic capsule, and long-TR/ITE T2-
weighted SE MR techniques have limited signal-
to-noise ratios. High-resolution standard SE tech-
niques with long acquisition times contribute to
image degradation related to increased patient mo-
tion and signal loss (5). Hence, we attempted to
use the 3D-CISS technique, a high-resolution and
heavily T2-weighted MR sequence.

3D-CISS is routinely used in the evaluation of
cerebellopontine angle lesions and inner and mid-
dle ear structures and epidermoids (6, 19). The mil-
limeter-thin sections, short TE (limited signal loss
resulting from magnetic susceptibility effects), and
low flip angle (limited T1 weighting) available in
this technique allow superb spatial resolution and
signal-to-noise ratio within a clinically feasible ac-
quisition time (5). The CISS sequence was origi-
naly designed for MR myelography and MR cis-
ternography. It is comparable to the fast imaging
in steady-state precision (FISP) sequence (19);
however, it is superior to the FISP sequence in re-
ducing the artifacts caused by magnetic field in-
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Fic 2. A, Axial T1-weighted (650/14/1) image shows dilatation and distortion of the fourth ventricle with a hyperintense scolex (arrow).
B, On T2-weighted (3800/90/2) image, the internal details of the lesion are obscured by the surrounding hyperintense CSF.
C, Axial 3D-CISS (12.3/5.9/1) image shows a dilated fourth ventricle, within which the scolices (asterisk) and wall (arrow) of the cyst
are clearly seen.

Visibility of intraventricular cysticercosis on three MR imaging
segquences

MR Sequence
Patient Turbo-SE

No. SE T1-weighted T2-Weighted 3D-CISS
1 + - ++
2 + ++
3 + - ++
4 - + ++
5 + + ++
6 + + ++
7 ++ + ++
8 + + ++
9 + + ++

10 + + ++

11 + + ++

Note—SE indicates spin-echo; 3D-CISS, three-dimensional con-
struction interference in steady state; +, just seen; ++, well seen; —,
not seen.

homogeneities. The different sensitivities of the
various MR sequences in identifying cysticercal
cysts in our patients are given in the Table. Among
the 11 patients in our series, the SE T1-weighted
images showed the cystic wall in nine, the scolex
in four, and the cystic fluid in two. The turbo-SE
T2-weighted images were sensitive in identifying
the cystic wall in three patients and the scolex in
four. In an earlier series, in which MR imaging was
used to assess 18 intraventricular cysticercal cysts
in 50 patients, T1-weighted images revealed the
cystic wall in nine of 22 patients, the scolex in six
of 22, and the cystic fluid in five of 22; the T2-
weighted images failed to show the cystic wall or
scolex in the majority of patients (11). The in-
creased sensitivity of SE T1-weighted images in
identifying the features of a cysticercal cyst in our
study as compared with the above series was prob-
ably the result of the higher strength of our
equipment.

In our study, T2-weighted images also failed to
show intraventricular cysts in the majority of cases.
The 3D-CISS sequence reveaed the scolex in all
11 patients and the cystic wall and cystic fluid in
eight patients each (Figs 1-3). In seven of 11 pa
tients, the 3D-CISS images showed the cystic wall,
cystic fluid, and scolex together. All the patients in
our series underwent surgery to remove the cysts,
and, in al cases, histopathologic examination con-
firmed the diagnosis (Fig 4).

Intraventricular cysticercal cysts are associated
with a poor prognosis and are potentially fatal (9,
10). They are not always amenable to medical man-
agement, and require surgical intervention, either
for cyst removal or CSF shunting. Martinez et a
(3) advocated a trial of albendazole for patients
with cysts in the lateral ventricles and surgical re-
moval for patients with cystsin the third and fourth
ventricles. Others, like Cuetter et a (9), have ad-
vocated anthelmintic treatment with albendazole in
al cases of intraventricular cysticercal cysts; how-
ever, it was necessary to follow up these patients
for development of hydrocephalus when shunt sur-
geries were indicated. Surgical excision is the treat-
ment of choice recommended by many authors (13,
20) before the cyst degenerates and incites epen-
dymal reaction. Ependymitis is a relative contra-
indication for surgical removal of the cysts and can
be identified on contrast-enhanced MR images
(10). In the three patients in our series in whom
the cystic fluid and wall were not visible on 3D-
CISS sequences, the cysts were found to be col-
lapsed at surgery. These cysts were hyperintense
on SE T1-weighted images and hypointense on tur-
bo-SE T2-weighted images. These three patients
underwent endoscopic ventriculostomy for hydro-
cephalus and excision of the cysts.

The increased sensitivity of the 3D-CISS se
guence is a conseguence of its higher resolution
and may also be related to accentuation of the T2
value between the cystic fluid and surrounding CSFE
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Fic 3. A, Axial T1l-weighted (650/14/1) image shows dilatation of the left lateral ventricle with subtle isointense lesion noted in the

region of the foramen of Monro (arrow).

B, On T2-weighted (3800/90/2) image, these findings are obscured.

C, Axial 3D-CISS (12.3/5.9/1) image shows the cysticercal lesion more precisely (arrowhead).

Fic 4. Whole-mount picture of the cysticercal cyst (arrowhead
indicates the scolex). Note irregular invaginations of the cyst (he-
matoxylin-eosin, original magnification X30).

This has been discussed by other authors in the
context of evaluation of epidermoids (19).

Conclusion

Routine SE T1-weighted imaging and turbo-SE
T2-weighted imaging were less sensitive than the
3D-CISS technique in the diagnosis of intraventric-
ular cysticercal cysts owing to the poor discrimi-
nation between intraventricular cystic fluid and sur-
rounding CSF on the routine imaging sequences.
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