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CT and MR Characteristics of Cerebral
Sparganosis

BACKGROUND AND PURPOSE: Sparganosis is a rare parasitic infection in humans by a larval cestode of
the genus Spirometra. Preoperative diagnosis of cerebral sparganosis in the past has been very
difficult. Our objective was to evaluate the CT and MR features of cerebral sparganosis in order to
make a definite diagnosis.

MATERIALS AND METHODS: \We retrospectively reviewed 25 patients (13 male and 12 female; age
range, 9-83 years) who proved to have cerebral sparganosis. Fifteen patients underwent MR imaging:
2 patients had CT scanning, and the remaining 8 had both CT and MR scanning. We focused on
evaluating the imaging features on CT and MR.

RESULTS: All patients showed edema and degeneration of cerebral white matter. All but 1 had a
unilateral lesion. Twenty-two patients had ipsilateral ventricular dilation. The new finding was a tunnel
sign, approximately 4 cm in length and 0.8 cm in width, column or fusiform shaped on postcontrast
coronal and sagittal MR images (n = 10). Thirteen patients showed bead-like enhancement, but solitary
ring enhancement was common on the CT images (n = 2). The wall of the ring and tunnel appeared
isointense or slightly hyperintense on T2-weighted images. Punctate calcifications were seen in 6
patients on CT images but only in 3 patients on the MR images. Hemorrhage was seen in 4 patients
on the MR images. An intact whitish, stringlike, living worm was found (n = 5).

CONCLUSION: The most characteristic finding was a tunnel sign on postcontrast MR images. The most
common finding was bead-shaped enhancement. MR is superior to CT in demonstrating the extent
and number of lesions, except punctate calcifications. Combined with clinical data and enzyme-linked
immunosorbent assay, the preoperative diagnosis of cerebral sparganosis could be established on MR

imaging.

parganosis is a rare parasitic infection in humans by a lar-

val cestode of the genus Spirometra."* It has been believed
that humans are considered an accidental intermediate host of
Spirometra mansoni.'> To our knowledge, infection in hu-
mans occurs mainly by the ingestion of raw or inadequately
cooked flesh of the infected host such as frogs, snakes, and
chickens. Other routes of infection include drinking contam-
inated water or applying the flesh of an infected host as a poul-
tice to an open wound, such as the eye, skin, mucosa, or the
wall of an abscess.”

Most infections in humans usually invade the subcutane-
ous tissue or muscles® but may also occur in the abdominal
cavity,” pleura,® genitourinary tract,’ eye,'” spinal canal,'' and
brain. Cerebral infection is the most serious complication
without characteristic clinical manifestations; it causes head-
ache, seizure, hemiparesis, or other neurologic deficits. It is
difficult to make a preoperative diagnosis, and most cerebral
sparganoses are diagnosed by surgical resection of the worm
and pathologic examination.'"'” However, with the develop-
ment of serologic techniques and radiologic instruments,
proper diagnosis of cerebral sparganosis could be established
before surgery. To date, to our knowledge imaging findings of
cerebral sparganosis have been reported sporadically, most of
which®>!”!® were published in the 1990s, but the features on
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CT and MR examinations had not previously been described
in detail. The purpose of this study was to analyze retrospec-
tively if CT and MR examinations of cerebral sparganosis can
be used for correct preoperative diagnosis and to search for
new findings.

Materials and Methods

Patients
A total of 25 consecutive patients (13 male, 12 female; age range, 9—83
years) with cerebral sparganosis were analyzed retrospectively be-
tween 2000 and 2006. A total of 15 patients underwent MR imaging, 2
patients had CT scans, and the remaining 8 had both CT and MR
scans. CT and MR examinations were performed on the same day. All
MR scanning was performed before and after intravenous adminis-
tration of contrast material. However, only 4 patients had contrast-
enhanced CT scanning. Our institutional review board approved this
study, and informed content was not required from each patient.
The diagnosis in all patients was based on the combined results of
various tests (Table 1): clinical manifestations; history of whether the
patient ever ate the raw or uncooked flesh of a frog or a snake, applied
them to the open wound, or drank infected water; a positive result of
enzyme-linked immunosorbent assay (ELISA) on serum and CSF for
sparganosis-specific antibody; and characteristic CT and MR
findings.

Imaging Analysis

We performed all MR examinations with a 1.5T superconducting
scanner (Gyroscan-Intera; Philips Medical Systems, Best, The Neth-
erlands) with a quadrature head coil for signal intensity collection
using the following sequences: axial and sagittal spin-echo TI-
weighted (TR, 500 ms; TE, 20 ms), axial and coronal or sagittal turbo



Table 1: Summery of clinical features, history, methods, and results in 25 patients with cerebral sparganosis

Results of
Patient No./ Imaging ELISA Surgery*
Age (y)/Sex Modalities History Clinical Manifestations Serum  CSF Worm Found
1/80/M CT+, MRS Raw snake ingestion 40 years previously Headache and seizures for 10 years, left + + Degenerated
hemiparesis for 2 years
2/45/F CT+, MRS Uncooked frog ingestion 16 years Headache, seizures, and right + + Live
previously hemiparesis for 6 years
3/53/F CT+, MRS Uncooked frog ingestion 13 years Headache, intermittent seizures, and left + + Degenerated
previously hemiparesis for 2 years
4/24/F CT+, MRS Contaminated water drinking for 6 years Headache and focal seizures for 7 years + + Degenerated
5/9/M CTT, MRS Uncertain Headache, intermittent seizures for 2 + - Live
years
6/14/M CTt, MRS Raw snake ingestion 6 years previously Seizures and left hemiparesis for 4 + + Live
years
7/39/M MRS$ Uncertain Headache and seizures for 5 years + + Degenerated
8/34/M CTt Uncertain Seizures, left hemiparesis for 8 years + + Live
9/37/F CTT, MRS Flesh of frog applied to the skin wound 5  Headache and seizures for 3 years, right + + Degenerated
years previously hemiparesis for 8 months
10/28/F CTt Flesh of snake applied to skin wound 10 Focal seizures for 7 years, right + — Degenerated
years previously hemiparesis for 13 months
11/36/F CTt, MRS Contaminated water drinking for 2 years Headache for 3 years, right hemiparesis + + Live
for 1 year
12/38/M MRS Contaminated water drinking 19 years Generalized seizures for 6 years, right + + Degenerated
previously hemiparesis for 11 months
13/47/M MRS Flesh of frog applied to abscess on back Focal seizures for 8 years, right + + Degenerated
13 years previously hemiparesis for 1 year
14/42/M MRS Contaminated water drinking 20 years Headache, focal seizures for 3 years - + Degenerated
previously worm found
15/83/F MRS Raw frog ingestion 46 years previously Headache for 30 years, right + + Degenerated
hemiparesis for 15 months
16/45/M MRS Raw snake ingestion 9 years previously Generalized seizures for 6 years - + Degenerated
17/41/F MRS Raw frog ingestion 17 years previously Seizures and right hemiparesis for 7 + - Degenerated
years
18/43/F MRS Raw snake ingestion 14 years previously Headache, seizures for 9 months + + Degenerated
19/38/M MRS Raw frog ingestion 9 years previously Headache, seizures for 4 years; + - Degenerated
left hemiparesis for 14 months - + Degenerated
20/29/F MRS Frog ingestion for 7 years Seizures for 3 years + + Degenerated
21/31/M MRS Raw snake ingestion 11 years previously Headache and seizures for 2 years; + - Degenerated
right hemiparesis for 15 months + + Degenerated
22/48/M MRS Uncooked frog ingestion 7 years Headache and seizures for 3 years + None
previously
23/26/F MRS Uncooked snake ingestion 5 years Focal seizures for 2 years + + Degenerated
previously
24/31/F MRS Contaminated water drinking 11 years Headache and seizures for 6 years + - Degenerated
previously
25/20/M MRS Uncertain Focal seizures for 9 months + + Degenerated

Note:—ELISA indicates enzyme-linked immunosorbent assay; +, positive; —, negative.

*In this study, craniotomy was performed in 18 patients and a stereotactic targeting biopsy in 7 patients.

T Unenhanced CT scanning.
1 Unenhanced, contrast-enhanced CT scanning.
§ Unenhanced, contrast-enhanced MR scanning.

spin-echo T2-weighted (TR, 3000 ms; TE, 110 ms), and axial fluid-
attenuated inversion recovery (FLAIR; TR, 8000 ms; TE, 120 ms; in-
version time, 110 ms) sequence scanning on precontrast MR imaging.
After intravenous injection of gadopentetate dimeglumine (Magnev-
ist; Schering, Berlin, Germany) (0.1-0.2 mmol/kg body weight), T1-
weighted axial, coronal, and sagittal images were obtained. The sec-
tion thickness was 8 mm with a gap of 0.8 mm, acquisition matrix of
256 X 256, and a signal intensity acquisition average of 3 to 4 times.

We obtained all CT studies with an Aura spiral scanner (Philips
Medical Systems) in 8 patients using the following parameters: sec-
tion thickness, 8 mm; gap, 8 mm; pitch, 1; tube current, 250 mA; and
voltage, 125 kV. Four patients underwent contrast-enhanced CT
scanning after intravenous injection of iopromide (Ultravist 300;
Schering) (80-100 mL).

Two radiologists retrospectively reviewed the CT and MR images
by means of consensus on the number, location, size, shape, and
intensity of the lesions; pattern of contrast enhancement; and any
other possible new findings. Finally, a craniotomy was performed in
18 patients and a stereotactic targeting biopsy in 7 patients.

Results

The CT and MR images revealed lesions at varying stages. All
patients had edema and degeneration of the white matter,
which showed hypoattenuation on unenhanced CT images,
hypointensity on T1-weighted images, and hyperintensity on
T2-weighted images (Figs 1-3). Twenty-two patients demon-
strated ipsilateral ventricular dilation (Fig 2), and the remain-
ing 3 showed ipsilateral ventricular compression. MR images
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Fig 1. Case 1. Images of the brain of an 80-year-old man with a history of headache,
seizure, and left hemiparesis for 2 years. A, Precontrast CT scan shows patchy area of
hypoattenuation in the white matter of the right parietal lobe with a punctate calcification
located centrally. B, Axial T2-weighted MR image of the same day shows hyperintense
area and cortical atrophy in the right parietal lobe. However, calcification seen on CT image
cannot be found on MR images. C-D, Sagittal and coronal postcontrast images show
tunnel-shaped enhancement representing inflammatory granuloma. No ipsilateral ventric-
ular dilation is seen. E, Postoperative gross photograph of resected specimen shows a
degenerated worm of Spirometra mansoni surrounded by inflammatory granulomatous
tissues. F, Photomicrograph of histologic specimen shows a removed degenerated worm
(W) surrounded by collagen capsule (C) and peripheral inflammatory cells and gliosis (G)
(H&E stain X 40). G-H, Sagittal and coronal postcontrast images 1 year after a craniotomy
in the same patient show lesions excised, with edematous area in the right parietal lobe.

demonstrated cortical atrophy in 23 patients, and cortical at-
rophy was seen on CT images in 8 patients. CT images showed
small, punctate calcifications in 6 patients (Figs 1-3), but these
calcifications were seen on MR imaging in only 3 patients.
Calcifications were in or out of the area of the contrast en-
hancement. The ipsilateral ventricular dilation and calcifica-
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Fig 2. Case 2. Images of the brain of a 45-year-old woman with a 6-year history of severe
headache, intermittent seizures, and right hemiparesis. A, Precontrast CT scan reveals unilateral
extensive area of low attenuation in the white matter of the left parietal lobe, with ipsilateral
ventricular dilation. Small, punctate calcifications are seen in the left parietal lobe. B-D, Axial
T1-weighted (A), T2-weighted (B), and FLAIR images (C) of the same section show a wide area
of hypointensity on T1-weighted image (B), heterogeneous hyperintensity on T2-weighted (C)
and FLAIR images (D), with a small central area of isointensity and slight hyperintensity on
T2-weighted image (C), corresponding to isointensity or hypointensity on FLAIR image (D),
representing encephalomalacia. £-G, Postcontrast axial (£, coronal (A, and sagittal (G) T1-
weighted images show a tunnel about 5 cm in length and 1.5 cm in width, appearing as a
hollow tube located in the left temporal and parietal lobe. H, Intraoperative photograph shows
a whitish, wrinkled, threadlike live worm approximately 6 cm in length with slow peristalsis.

tions represented old lesions at the late stage. (One of the char-
acteristics of cerebral sparganosis is the presence of new and
old lesions alternately.)



Table 2: Common CT and MR characteristics of cerebral
sparganosis

CT MR
Lesion Finding Number Finding Number
White matter degeneration + 10 + 23
Cortical atrophy + 8 + 23
Ipsilateral ventricle dilation + 9 + 20
Ipsilateral ventricle compression — 0 + 3
Punctate calcification(s) + 6 + 3
Hemorrhage + 4 + 4
Tunnel sign® — 0 + 10
Bead-shaped enhancementt + 1 + 13
Single-ring enhancement + 2 - 0
Nodular enhancement + 1 - 0

Note:—+ indicates positive; —, negative.

*Tunnel sign is commonly seen on coronal and sagittal postcontrast MR images. The
tunnel is about 4 cm in length (range, 2—6 ¢cm) and 0.8 cm in width (range, 0.5-1.5 cm) and
shows hypointensity on T1-weighted images, hyperintensity on T1-weighted images, and
marked enhancement on postcontrast MR images.

t Bead-shaped enhancement is aggregated ringlike enhancement, usually 3 to 6 rings, with
a smooth margin; ring wall thickness is 0.1 to 0.2 cm.

The most important, and also characteristic, finding was
the tunnel sign (Table 2) on the postcontrast MR images (n =
10). The tunnel sign appeared hypointense on T1-weighted
images and slightly hyperintense or isointense on T2-weighted
images. There was obvious enhancement on the postcontrast
MR images, particularly on coronal and sagittal postcontrast
MR images (Figs 1C, D and 2C, D). The tunnel was about 4 cm
in length (range, 2—6 cm) and 0.8 cm in width (range, 0.5-1.5
cm) and was column or fusiform shaped. On postcontrast MR
images, the tunnel represented the moving track of a migrat-
ing worm, appearing as a solid or hollow tube, which corre-
sponded to inflammatory granulomas according to the post-
operative pathologic examination. No tunnel sign could be
seen on CT images, possibly because of the lack of multiplanar
scanning.

The second most common feature was a conglomerated
ringlike enhancement (Table 2), which was seen as bead
shaped, usually 3 to 6 rings, on MR images (n = 13, Fig 3C, D),
but a solitary ring-shaped enhancement on CT images was
common (n = 2). The wall of the ring was smooth, with isoat-
tenuation on nonenhanced CT images, hypointensity on T1-
weighted images, isointensity or slight hyperintensity on T2-
weighted images, and marked enhancement on postcontrast
CT and MR images. The internal components of the rings
appeared slightly hyperattenuated on unenhanced CT images,
hypointense on T1-weighted images, hyperintense on T2-
weighted images, and showed no enhancement on postcon-
trast CT and MR images. Each ring was approximately 0.6 cm
in diameter (range, 0.2—0.8 cm), and the wall of the ring was
between 0.1 cm and 0.2 cm in diameter.

However, nodular or solitary ring enhancement, rather
than the tunnel sign and aggregated ring-shaped enhance-
ment, was common on the postcontrast CT images. Con-
firmed by postoperative specimens and pathologic examina-
tions, cerebral hemorrhage was seen in 4 patients and
appeared slightly hyperintense on T1-weighted images and in-
termediately intense on T2-weighted images. These findings
corresponded to high attenuation on CT plain scanning
images.

All but 1 patient had a unilateral lesion (right hemisphere
in 13 patients and left hemisphere in 11). In 16 patients, the

Fig 3. Case 6. Images of the brain of a 14-year-old boy with a 4-year history of seizures
and left hemiparesis. A, Precontrast CT scan shows an extensive area of low attenuation
in the right basal ganglia with a punctate calcification centrally. B, Axial T2-weighted
image of the same section as the CT image in (4) shows hyperintense area in the right
basal ganglia. However, calcification seen on CT image cannot be shown clearly on MR
image. C—D, Postcontrast axial (C) and coronal (D) T1-weighted images show bead-shaped
enhancement in the right basal ganglia. £-F, After 4 months, postcontrast axial (£) and
coronal (F) T1-weighted images of the same patient show the tunnel-shaped enhancement
in the right parietal lobe with small amounts of residual bead-shaped enhancement in the
right basal ganglia, representing the migration of the worm and lesions shifting from the
right basal ganglia to the right parietal lobe. Preoperative ELISA on serum and on CSF
revealed strongly positive against Spirometra mansoni. A live worm was found at
craniotomy.

lesions were located in the posterior part of the cerebral hemi-
sphere (occipital, posterior temporal, and posterior parietal
lobes). In the remaining 9 patients, the lesions were located in
the anterior part of the cerebral hemisphere (frontal, anterior
temporal, and anterior parietal lobes). In 10 patients, the le-
sions were solitary. In another 15 patients, there was multifo-
cality and the lesions extensively involved the white matter of
the parietal, frontal, or occipital lobes, or the basal ganglia (Fig
3). Only 1 case of multiple lesions involving the white matter
of the bilateral parietal and occipital lobes was seen on MR
images.
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A craniotomy was performed in 18 patients and a stereo-
tactic targeting biopsy in 7 patients. In 5 patients, an intact live,
whitish, stringlike worm was found, showing slow peristalsis
(Fig 2H). The mean length of these live worms was 11 cm
(range, 5-18 cm). Microscopic examination revealed dead or
disintegrated worms in 20 patients; these worms were seg-
mented, compact, eosinophilic structures (Fig 1E). The in-
flammatory granuloma and reactive exudate including gliosis,
histiocytes, eosinocytes, and lymphocytes surrounded the teg-
ument of the degenerated worm (Fig 1F). Histologic examina-
tion revealed all resected specimens to be cerebral sparganosis.
ELISA on serum and on CSF was positive for Spirometra man-
soni in 22 patients and 19 patients, respectively (Table 1). Sev-
enteen patients were definitely diagnosed preoperatively on
the basis of imaging features, clinical history, and ELISA.

Discussion

Although sparganosis has been reported worldwide, most
cases occur in Southeast Asia, China, Japan, and Korea, and
less commonly in the United States and Europe.'® The com-
mon routes of infection in humans were described above, but
the exact route of infection to the brain is still uncertain. The
larvae may migrate through the loose connective tissues of the
foramina of the skull base around the nerves or vessels."”

In our study, 12 patients (48%) had a history of eating raw
or uncooked frog or snake that was infected with sparganum.
They lived in rural areas where the raw flesh of frogs, snakes, or
chickens were considered tonic. Five patients (20%) had ap-
plied animal’s flesh (possibly infected host) as a poultice to an
open wound because it was taken as a folk remedy for treat-
ment of the wound. Four patients had a history of drinking
contaminated water. The remaining 4 patients had no certain
history of being infected. Therefore, we believe that health
education concerning sparganosis and sanitary dietary habits
should be recommended in rural areas.

The course of the disease in our study was long, varying
from 8 months to 30 years because of the slow growth of the
sparganum. The most common symptoms were headache, sei-
zure, and hemiparesis. Because all the symptoms were nonspe-
cific, it was very difficult to make a preoperative diagnosis.
Imaging examinations, especially MR imaging, played an im-
portant role in the diagnosis and differential diagnosis of ce-
rebral sparganosis.

Chang et al** described the CT features as white matter
hypoattenuation with adjacent ventricular dilation; irregular
or nodular enhancing lesions; and small, punctate calcifica-
tions. However, in our study we found that MR scanning (in
particular, contrast-enhanced MR scanning) proved to be su-
perior to CT in the demonstration of the extent, number, and
shape of the lesions.

Most of the lesions were multifocal and were located in the
white matter of the parietal, occipital, temporal, or frontal
lobe. The less common sites were the basal ganglia, insula, and
cerebella.'” The primary characteristic of cerebral sparganosis
is that the live worm migrates with undulating motion. The
migrating worm makes a tunnel along the track of motion. A
tunnel sign was conspicuously seen on postcontrast sagittal
and coronal MR images as fusiform shaped, appearing hy-
pointense on T1-weighted images, slightly hyperintense or
isointense on T2-weighted images, and column or fusiform
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shaped on postcontrast MR images. However, a solitary ring
or nodular enhancement was more common on CT images,
which may have been relative to the scarcity of coronal and
sagittal scanning on CT images. On the other hand, the cause
may have been the result of fewer patients undergoing contrast
enhancement CT scanning in our study. As far as we know,
this sign has not been reported in the CT and MR literature but
is a distinctive feature. The column-shaped or fusiform-
shaped tunnel showed a solid or hollow appearance with a
smooth, well-defined margin. From a pathologic standpoint,
the enhancing tunnels were the reactive inflammatory tissue
or granuloma enwrapping the worm.

The second characteristic of cerebral sparganosis is the
conglomerated ring or bead-shaped enhancement, which rep-
resents an inflammatory granuloma. The wall of the ring-
shaped granulomas is hypointense on T1-weighted images
and isointense or slightly hypointense on T2-weighted images.
The cause of the hypointensity or isointensity of the wall of the
ring on T2-weighted images may be the same as those of a
pyogenic abscess that presumably resulted from the free radi-
cals produced by macrophages.”'

The third characteristic of cerebral sparganosis is the alter-
nate change of varying stages in the same image because of the
long course of the disease, from the initial attack to admission
to the hospital. Small, punctuate calcifications were around or
in the degenerated or dead worm produced by deposition of
calcareous corpuscles (particles containing calcifications).
The calcifications could be clearly revealed on CT images but
were obscure on MR images because of the insensitivity to
calcifications. Meanwhile, unilateral ventricular dilation and
focal cerebral cortical atrophy hinting the chronic stage may
be caused by long-standing injuries by the worm. Cortical at-
rophy and bead-shaped enhancement denoting the chronic
and acute phases, respectively, usually coexisted in the same
lesion. White matter edema may be caused by a capillary or
venous injury produced by the migrating worm, which corre-
sponds to hypointensity on T1-weighted images, hyperinten-
sity on T2-weighted images, and hypoattenuation on CT im-
ages. However, these changes were not characteristic of the
final diagnosis. There was a sharp contrast with previous re-
lated reports.”>** Focal hemorrhage was rarely seen on CT and
MR images, though hemorrhage was confirmed intraopera-
tively and postoperatively.

Compared with other studies reported in the litera-
ture,*>'>'? the tunnel sign in our study was our first concern
because it represented the migration of the worm. Although
other imaging findings, such as the bead-shaped enhancement
and white matter degeneration, were also reported, our study
integrated imaging data, clinical history, and ELISA. More-
over, all the lesions in our study were confirmed by surgical
resection and pathologic examination.

The differential diagnosis of cerebral sparganosis includes
brain tumors and other inflammatory granulomas.'**° In par-
ticular, metastatic brain tumors mimic cerebral sparganosis
on CT and MR imaging, but metastatic tumors often have a
mass effect to compress the ventricle, and sparganosis has ad-
jacent ventricular dilation. On postcontrast MR images, spar-
ganosis showed the tunnel sign, but metastatic tumors and
other inflammatory granulomas did not. The small, punctate
calcifications may be helpful in the diagnosis but cannot be



shown clearly on MR imaging. If the mass effect occurred, it
was hard to distinguish cerebral sparganosis from a brain tu-
mor unless clinical data and ELISA were used. If cortical atro-
phy and degeneration of white matter existed, sparganosis
should be distinguished from chronic cerebral ischemia,
which was predominately common in one of our patients (an
80-year-old man) without a tunnel sign or bead-shaped en-
hancement on MR images.

Besides the imaging appearances and a dependable history,
ELISA has been very useful in the correct diagnosis of cerebral
sparganosis.'”** The live worm was approximately 5 to 18 cm
long, whitish, and thread shaped, with serpiginous peristalsis.
The degenerated worm in the brain was usually surrounded by
collagen fibers, inflammatory cells, and gliosis.

In conclusion, cerebral sparganosis exhibited certain
features on the CT and MR images. The most characteristic
finding was the tunnel sign on postcontrast coronal and
sagittal MR images, and the most common finding was
multiple conglomerated ring-shaped (bead-shaped) en-
hancements. MR, especially contrast enhancement MR im-
aging, is superior to CT in the demonstration of the extent,
number, and internal structure of the lesions except with
small, punctate calcifications. Other important findings in-
cluded cortical atrophy, white matter degeneration, and ip-
silateral ventricular dilation of the lesions produced by a
migrating worm. Combined with clinical history and
ELISA, a correct preoperative diagnosis of cerebral spar-
ganosis could be established.
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