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Purpose: The purpose of this study is to describe the characteristic features of cerebral
sparganosis with live worm on CT and MRI as compared with the characteristic CT
and MRI features of degenerated cerebral worms.
Materials and Methods: Twelve patients with surgically-proven live worms (the live
group) and 13 patients with degenerated worms (the degenerated group) were includ-
ed in this study. We retrospectively reviewed the CT scans of all the patients and the
MR images of 19 patients.
Results: The live group showed highly attenuated lesion (50-70 HUs for the CT num-
ber) on precontrast CT with surrounding enhancement extending to the cortical sur-
face, a mass effect and change of the location and shape of the enhancing lesion on the
follow-up images, whereas the degenerated group showed punctate calcification (more
than 130 HUs) with surrounding enhancement and cerebromalacia in 77% of the sub-
jects (p<.01). The highly attenuated lesion had an amorphous nodular or nodulotubu-
lar shape, and these lesions were slightly hyperintense on the T1-weighted MR images
and hypointense on the T2-weighted MR images.
Conclusion: In patients with cerebral sparganosis, live worm infection is highly sug-
gested if there is a focal amorphous hyperattenuated lesion on the precontrast CT with
a surrounding mass effect, irregular nodulotubular enhancement extending to the pial
surface and change of the enhancing lesion on the follow-up images.
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Human cerebral sparganosis is a rare parasitic disease
that is caused by a migrating plerocercoid larva (spar-
ganum) of the genus Spirometra (1-3). This disease has
been reported worldwide, but it is most common in East
Asia (2-9). The CT and MR imaging features of cerebral
sparganosis have been well described (10-14).
However, no specific imaging features of cerebral
sparganosis that indicate the presence of a live worm
have been yet reported, despite its clinical importance,
because of the rarity of surgically-confirmed cases with
extraction of a live worm. The best way to treat sympto-
matic cerebral sparganosis is surgically removing both
the worm and the granuloma (15). Especially, a live
sparganum worm usually migrates in the brain
parenchyma and causes progressive neuronal damage,
so urgent removal of the live worm is crucial to prevent
further neurologic deficits (8, 10, 16). Thus, it is impor-
tant to determine whether the worm is alive or not for
the treatment planning.

During the last thirteen years, we encountered 12 pa-
tients with cerebral sparganosis with a live spargana
worm and 13 patients with a degenerated worm at
surgery. This report describes the characteristic CT and
MR imaging findings of cerebral sparganosis in groups
of patients with live and degenerated worms.

Materials and Methods

During a thirteen years period (1988-2000), we en-
countered a group of 12 patients (9 men and 3 women,
aged 6-60 years, mean age: 32 years) with cerebral
sparganosis with a live worm and a group of 13 patients
(11 men and 2 women, aged 19-58 years, mean age: 38
years) with cerebral sparganosis and a degenerated

worm. CT was done for all the patients and MR imaging
was performed for 19 patients with postcontrast en-
hancement (7 in the live group and 12 in the degenerat-
ed group). Ten patients underwent follow-up CT or MR
imaging at 2-39 month intervals (4 in the live group and
6 in the degenerated group). For all the patients, the pre-
operative diagnosis was made on the basis of the clinical
history, the CT and MR imaging findings and a positive
enzyme linked immunosorbent assay (ELISA) test for
sparganunm-specific immunoglobulin G (IgG) antibody
in both the serum and cerebrospinal fluid. A live spar-
ganum was confirmed at surgery in all the patients of
the live group, and inflammatory granuloma without a
live worm was found at surgery in 9 patients of the de-
generated group. Four patients in the degenerated group
did not undergo surgery, but their lesions did not
change except for observing cerebromalacia on the fol-
low up CT or MR images.

We retrospectively analyzed the imaging features to
determine if there were any differential imaging fea-
tures between the live and degenerated groups with spe-
cial attention being given to the following: the presence
or absence of a highly attenuated lesion that ranged
from 50-70 HUs in the center of the enhancing lesion
for the CT number on the precontrast CT, the MR signal
intensity of the lesion, the features of the enhancing le-
sion, the presence or absence of a mass effect (gyral ef-
facement, ventricular compression), cerebromalacia or
atrophy nearby or in an area remote from the enhancing
lesion and the serial change of the enhanced lesion on
follow-up studies. Statistical analysis was done using the
Mantel-Haenszel Chi-square test.
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Table 1. Comparison of Imaging Features between the Patients with Live and Degenerated Worm of Cerebral Sparganosis

Live Group Degenerated Group 
(n=12) (%) (n=13) (%)

p-value

CT Center of the enhancing lesion high attenuated lesion 100 0 .00

punctate calcification 0 77 .00

Enhancing lesion present 100 100 >.05

extension to the pial surface 100 25 .00

Around the enhancing lesion gyral swelling 100 15 .00

atrophy 0 69 .00

MR Signal intensity of the center of T1WI high(57) or iso(43) low(100) .00

the enhancing lesion T2WI low(77) low(77) >.05

follow up images change of the enhancing lesion 100 0 .00

Note.─ T1WI= T1-weighted image, T2WI= T2-weighted image



Results

The differential imaging features are summarized in
Table 1. On the precontrast CT scan, a highly attenuated
lesion was always seen in the center of the enhancing le-
sion in all the patients of the live worm group, while this
was absent in the degenerated worm group (p<0.01).
The highly attenuated lesion was located in the cortex or

subcortical white matter, it appeared as an irregular
nodular or it was tubular in shape (Fig. 1A) and it was
approximately 0.5 cm to 3.0 cm in length. There was al-
ways enhancement surrounding the high attenuated le-
sion, gyral swelling and a localized area of low attenua-
tion surrounding the highly attenuated lesion on the CT
scan (Fig. 1B). The precontrast CT scan of the degenerat-
ed group frequently showed punctate calcifications (Fig.
2A). These punctate calcifications were located at the
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Fig. 1. A 29-year-old male patient with a live worm.
A. On the precontrast CT, focal nodular highly attenuated lesion (arrow) is seen in the right anterior frontal cortex with surround-
ing low density. Note the mildly compressed ipsilateral frontal horn of the lateral ventricle. 
B. On the postcontrast CT, the ring-shaped densely enhancing lesion (arrow) is seen just around the highly attenuated lesion. 
C. On the postcontrast CT six month later, the previously enhancing lesion totally disappeared and cortical atrophy and ipsilateral
ventricular dilatation remained (arrow). 
D. On the T2-weighted MR image (at the same time as for Fig. C), the irregular nodular-tubular low signal intensity lesion (black ar-
row) with surrounding high signal intensity is seen in the right high frontal cortex. 
E. On the T1-weighted MR image, this lesion (arrow) shows iso-signal intensity. 
F. On the postcontrast T1-weighted MR image, the irregular nodulotubular shaped enhancing lesion (arrow) is well visualized from
the pial surface to the white matter in the right frontal lobe. 



center of the enhancement in 77% (10/13) of the degen-
erated group. On the postcontrast images, enhancing le-
sion was seen in all the cases. The enhancing lesions had
a variety of appearances: amorphous, nodular, serpen-
tine tubular or ring-shaped (Fig. 1B). Interestingly, the
enhancing lesions had continuity with a cortical surface
in all the live cases, while only 25% of the degenerated
cases showed this feature (p<0.01).

On MR imaging, the highly attenuated lesions were all
hypointense (Fig. 1D) on the T2-weighted images
(T2WI), and 57% (4/7) and 43% (3/7) of the high attenu-
ated lesions were slightly hyperintense or isointense, re-
spectively, relative to the brain cortex on the T1-weight-
ed images (T1WI). All the enhancing lesions of the de-
generated group showed isointensity on the T1WI (Fig.
2B) and hypointensity on the T2WI (Fig. 2C). On the fol-
low-up studies, all the subjects in the live group showed
changes of location and shape of the enhancing lesions
(Fig. 1C, G) while the degenerated group showed no
change of location (p<0.01). In one case, a previously
enhancing lesion disappeared with remaining cortical
atrophy and adjacent ventricular dilatation, while a new
enhancing lesion appeared at a higher cortical area on
the follow-up imaging (Fig. 1). Localized gyral efface-
ment was always seen in all the subjects of the live
group, while most of the subjects of the degenerated
group showed regional atrophy with ventricular dilata-
tion (Fig. 2) (p<0.01). However, an area of atrophy re-
mote from the enhancing lesion was frequently seen in
the live worm group of subjects (83%).

Discussion

The characteristic CT findings of cerebral sparganosis
have been well described by Chang et al. (10), which
were white matter hypoattenuation with adjacent ven-
tricular dilatation, irregular or nodular enhancing lesion
and small punctate calcifications (10-12). These findings
might reflect both the live and degenerated stages of
cerebral sparganosis. In the present study, all the pa-
tients of the live group showed a highly attenuated le-
sion on the precontrast CT. There has been no study
that has mentioned this highly attenuated lesion, and
this type of lesion seemed to be regarded in the previous
reports as calcification or petechial hemorrhage (10-15).
However, we consider this lesion to be a live worm be-
cause of the following reasons. First, the CT numbers of
the highly attenuated lesions ranged from 50 to 70 HU,
which is lower than that of calcification or acute hemor-
rhage. In our unpublished experimental study with cats,
the worm showed the same range of CT numbers.
Second, in our series, some of the highly attenuated le-
sions totally disappeared or changed in location or
shape, so it is unlikely to be calcification. Third, the
shape and size of the highly attenuated lesion looked
similar to those of the worm itself and on the surgical
fields a live spargana worm was found at the site corre-
sponding to the highly attenuated lesion, and neither he-
morrhage nor calcification was found.

This lesion was slightly hyperintense or isointense rel-
ative to the brain cortex on the T1WI, and it was hy-
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Fig. 1. G. On the postcontrast T1-weighted coronal MR image 2 month later, the shape of the enhancing lesion (arrow) is slightly
changed. 
H. On the surgical field, a live spargana worm (arrow) was found at the site corresponding to the enhancing lesion on MR.



pointense on the T2WI. The reason why the worm
showed high attenuation on the precontrast CT and
such MR signal intensities is not fully understood. The
existence of high proteinaceous secretory granules, cor-
puscles or muscles in the worm might contribute to this
CT attenuation and MR intensity (10-14). Besides the
highly attenuated lesion, punctate calcifications were al-
so seen in both groups, and the attenuation of the punc-
tate calcifications appeared much higher than that of the
worm on CT. In half of the patients with live worm,
punctate calcifications were seen in an area remote from
the enhancing lesion along with cortical atrophy and
ventricular dilatation, which showed neither surround-
ing enhancement nor a mass effect, which was in con-
trast to the highly attenuated lesion. This punctate calci-
fication may have resulted from degenerated calcos-

pherules or calcified muscle bundles in the fragmented
worm (2, 5-9). However, on the CT of the degenerated
group that showed punctate calcification (77%), there
was enhancement surrounding the punctate calcifica-
tion without gyral swelling. The highly attenuated lesion
can be differentiated from punctate calcification by the
CT HU number and the shape and presence of a sur-
rounding mass effect. Thus, CT examination seems to
be more useful than MR imaging for detecting a live
worm.

On the postcontrast CT or MR images, there was al-
ways enhancing lesion irrespective of live or degenerat-
ed worm. The enhancing lesions in the patients of the
live group always showed enhancement just around the
highly attenuated lesion, whereas the degenerated
group showed enhancing lesion just around the punc-
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Fig. 2. A 52-year-old male patient with
a degenerated worm. 
A. On precontrast CT, irregular punc-
tate calcifications (arrows) are seen in
the high frontoparietal cortex and sub-
cortical white matter with no sur-
rounding low density. 
B, C. On the follow-up MR 39 months
later, localized cortical atrophy (white
arrows) is seen with low signal intensi-
ty on the T1-weighted image (B) and
high signal intensity on the T2-weight-
ed image (C). Note the focal low signal
intensity lesion in Fig C (black arrow),
which seems to be the calcified lesion
seen on CT. 
D. After gadolinium injection, the ring
shaped focal enhancing lesion (arrow)
is seen with surrounding atrophy.
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tate calcification (77%) or enhancement without visible
central highly attenuated foci (23%).

The enhancing lesions appeared as irregular nodular,
tubular, beaded or conglomerated ring-shaped. The en-
hancing lesions in the patients of the live group always
showed extension to the pial surface, while that of the
degenerated group showed this feature in only 25% of
the subjects. On the microscopic findings of our surgical
specimens, granulomas were formed just around the
fragmented body of the worm. The worm was sur-
rounded by a dense collagenous wall and next to the col-
lagenous wall there was a zone of granulation tissue in
which many newly formed capillaries and infiltrated
macrophages and lymphocytes were found (2, 3). This
highly vascular granulation tissue zone is presumably
reflected by contrast enhancement (12, 13). The enhanc-
ing areas adjacent to the pial surface are considered to
be the tract of previous penetration by the worm. We
suggest that the invasion of the worm to the brain
parenchyma starts from the pial surface. On MR imag-
ing, extension of the enhancing lesion to the cortical sur-
face was always seen on least on one of the multiplanar
images. On the follow-up images of the live group, the
irregular enhancing lesion usually changed in both loca-
tion and shape and sometimes in the degree of enhance-
ment, suggesting migration of a live worm. Cortical atro-
phy remote from the enhancing lesion was more fre-
quently seen in the live group (83%) than that in the de-
generated group (31%). The cortical atrophy and ipsilat-
eral ventricular dilatation are suggested to be the chron-
ic sequelae of previous migration of a live spargana
worm.

From the imaging findings of the patients with cere-
bral sparganosis with a live worm, we can postulate the
serial pathologic changes of cerebral sparganosis. First,
the invasion route of the sparganum to the brain
parenchyma may be direct penetration from the pial
surface. Second, in an acute stage of cerebral
sparganosis when the worm is alive, it produces local in-
flammation, resulting in a surrounding mass effect and
irregular nodular enhancement (9). Third, after passage
or migration of the live sparganum worm, the worm’s
previous cortical or white matter site becomes atrophied
with ipsilateral ventricular dilatation (10-14).
Sometimes in these atrophied areas, punctate calcifica-

tions may remain with surrounding enhancement.
In conclusion, the presence of amorphous nodular or

tubular shaped highly attenuated lesion on precontrast
CT with surrounding irregular nodulotubular enhance-
ment extending to the pial surface, localized gyral
swelling and serial changes of the enhancing lesion’s
shape and location on the follow-up imaging strongly
suggest that a patient with cerebral sparganosis has a liv-
ing worm in their brain.
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뇌 스파르가눔증: CT와 MR 영상에서 살아있는 유충과 죽은 유충의 감별점1
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3연세대학교 원주의과대학 원주기독병원 영상의학과

김민선∙유인규∙장기현2∙한문희2∙김명순3∙이병희∙이윤희

목적: 뇌 스파르가눔증 환자에서 살아있는 유충과 죽은 유충에 의한 특징적인 CT와 MRI 소견을 알아보고자 하였

다.

대상과 방법: 수술로 확인된 살아있는 유충에 의한 뇌 스파르가눔증 환자 12명(live group)과 죽은 유충에 의한 환

자 13명의 환자(degenerated group)를 대상으로 CT(25명)와 MR(19명) 소견을 후향적으로 조사하였다.

결과: Live group의 모든 환자에서 조영 전 CT에서 50-70HU의 약간 높은 감쇄 병변과 연막까지 퍼지는 조영증

강 병변, 종괴 효과, 추적 검사 시 위치가 변하는 소견을 보였다. 반면에 degenerated group은 점상의 석회화 병

변과 조영 증강, 뇌연화증의 소견을 77%에서 보였다 (p < .01). Live group의 CT에서 관찰되는 높은 감쇄 병변은

무정형 또는 관상의 결절이고 T1 강조 영상에서 고신호강도, T2 강조 영상에서 저신호강도의 소견을 보였다.

결론: 뇌 스파르가눔증 환자의 조영 전 CT에서 무정형의 고감쇄 결절이 보이고 종괴 효과, 연막까지 퍼지는 불규칙

한 조영 증강, 추적 검사 시 위치와 모양이 바뀌는 소견을 보인다면 살아있는 유충을 강하게 시사한다.


