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Abstract

Purpose The main objective of this study was to describe
the characteristic imaging features of cerebral and spi-
nal hydatid disease (HD) in magnetic resonance imaging
(MRI) and computed tomography (CT) in order to provide
more effective differential diagnoses in endemic regions.
We also aimed to use MRI and CT to evaluate whether the
World Health Organization’s (WHO) new classification of
hepatic cystic echinococcosis (CE) could be used in the
classification of cerebral HD.
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Materials and methods We retrospectively reviewed the
CT and MR images of 30 patients who were diagnosed
with cerebral and spinal HD between 1990 and 2014. The
imaging findings were noted. All hydatid cysts were clas-
sified according to the WHO classification of hepatic CE,
consisting of six types.

Results The study group consisted of 49 CEs in 27
patients with cerebral HD and 12 CEs in three patients with
spinal HD. Of the cysts, 14 were type CL (cystic lesion),
29 were type CEl, 11 were type CE2 and seven were type
CES3. In other words, 54 cysts were in the active group and
seven were in the transition group. Most of the cysts were
type CL and CEl.

Conclusions Even though characteristic imaging features
could be used in the differential diagnosis of HD, some-
times the differentiation of HD from other cystic lesions
may be difficult. The use of WHO classification will pro-
vide standardisation of uniform treatment modality, as the
treatment of HD, according to the stage of the disease, may
be surgical or medical.

Keywords Echinococcosis - Cerebral hydatid disease -
CT-MR

Introduction

Hydatid disease (HD) is a systemic zoonosis that is
endemic in sheep and cattle farming areas of Asia, North
and East Africa, South America and the Middle East [1-3].
In Europe, HD is seen only in immigrants or persons with
a history of travel to an endemic area [1, 2, 4, 5]. Recently,
due to increased immigration, the prevalence of the disease
has increased in Europe and North America [6]. Although
HD may affect any part of the body, it most often affects
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Table 1 World Health Organization classification of cystic echinococcosis cysts and imaging futures

WHO classification Clinical group

Imaging futures

CL Group 1: Active group: cysts developing and are usually Unilocular, with uniform content, cyst wall not visible

Type CE1 fertile Unilocular, simple cyst with visible cyst wall

Type CE2 Multivesicular, multiseptated cysts; cyst septations produce
“wheel-like” structures, and the presence of daughter
cysts is indicated by “rosette-like” or “honeycomb-like”
structures

Type CE3 Group 2: Transition group: cysts starting to degenerate, but  Unilocular cyst which may contain daughter cysts. Detach-

usually contain viable protoscoleces

Type CE4
calcified cysts-very unlikely to be fertile

Type CE5

Group 3: Inactive group: degenerated or partially or totally

ment of laminated membrane; “water-lily sign”

Heterogeneous content, “ball of wool” sign which is indica-
tive of degenerating membranes

Thick calcified wall

CL cystic lesion, CE cystic echinococcosis

the liver (59-75 %), followed by the lung (27 %) [1, 7, 8].
HD of the central nervous system is extremely rare. Cer-
ebral and spinal HD accounts for only 1-2 % of all cases of
HD [1, 8, 9].

Preoperative diagnosis of HD is essential, because rup-
ture and dissemination of the cysts may result in recurrence
and life-threatening complications. Although the diagnosis
of hydatid cyst (HC) relies on serological tests and imaging
techniques [10], in primary cerebral HD, serologic tests are
not diagnostic because of the blood brain barrier, and imag-
ing studies such as magnetic resonance imaging (MRI) and
computed tomography (CT) are necessary for the preopera-
tive diagnosis. Classical imaging findings in HD are well
known but differential imaging findings of HD in unusual
locations such as spine and cerebrum are less described in
the literature.

The first objective of our study was to describe the char-
acteristic MRI and CT imaging features of cerebral and spi-
nal HD in an attempt to provide an improved modality for
the differential diagnosis of central nervous system HD in
endemic regions. The second objective was to use MRI and
CT to evaluate whether the new World Health Organization
(WHO) classification of hepatic cystic echinococcosis (CE)
could be used in the classification of cerebral HD.

Materials and methods

The study was approved by the institutional review board
and protocol review committee. We retrospectively
reviewed the CT and MR images of 32 patients with cere-
bral and spinal HD diagnosed between 1990 and 2014. Two
patients were excluded from the study because of incom-
plete characterisation of lesions on imaging or histopatho-
logical examination. As a consequence, 30 patients (27 cer-
ebral HD and three spinal HD) were included in this study.

The diagnosis of HD was confirmed by histopathol-
ogy in 25 patients after surgery. The remaining lesions
with similar or characteristic radiological appearance were
accepted as HD.

CT examinations were performed on two CT scanners:
16 detectors, (Toshiba Activion; Toshiba Medical Systems,
Tochigi-ken, Japan) and 64 detectors, (Brilliance CT scan-
ner; Philips Medical Systems, Cleveland, Ohio). MR exam-
inations were performed on MRI devices supplied with
1.5T and 3T magnetic power (Achieva, Philips Medical
Systems, The Netherlands) with a standard head coil.

Five patients were examined with MRI only and nine
with CT only. Sixteen patients were examined with both
MRI and CT. All MR scans were performed with and with-
out contrast in 21 patients. The CT scans were performed
with contrast in 11 patients, without contrast in three
patients, and with and without contrast in 11 patients.

The CT and MR findings were retrospectively assessed
by the same experienced radiologist. The location, number,
stage of the cysts, contour, calcification, internal structure,
contrast enhancement and peripheral oedema were noted.
Also the simultaneous organ involvement and distribution
of cysts were noted.

All HCs were classified according to the WHO classifi-
cation of CE [11, 12] (Table 1).

Results

The patient sample comprised 20 males (66.6 %) and 10
females (33.3 %) aged 7-50 years. Most of the cerebral
HD patients were children, with 19/27 patients (70.3 %)
between 7 and 15 years old. All of the spinal HD patients
were over 25 years old. Eighteen (66.6 %) patients with
cerebral HD and 2/3 patients (66.6 %) with spinal HD were
male.
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Table 2 Patient age and sex, cyst location, number and type, and CT/MRI findings in patients with cerebral hydatid disease

Case Age Sex Location Number of cyst Type CT/MRI findings Size (cm)

1 11 M Parieto-occipital 1 CEl Unilocular, isointense to CSF with a well-defined hypointense 5-10
wall on T2

2 12 M Temporoparietal 1 CE1 Simple cyst with surrounding oedema and rim enhancements 5-10

3 48 M Temporoparietal 1 CEl Simple cyst with surrounding oedema and rim enhancements >10

4 15 M Parieto-occipital 1 CE2 Septated mother cyst with hypointense wall on T2, daughter 5-10
cysts

5 11 F  Frontoparietal 1 CE1 Unilocular, isodense to CSF with a well-defined wall on CT 5-10

6 14 M Frontoparietal 1 CL Unilocular, isodense to CSF and lacking a wall on CT 5-10

7 7 F  Temporoparietal 1 CL Unilocular, isodense to CSF and lacking a wall on CT <5

8 33 F Parieto-occipital 1 CEl Unilocular, isodense to CSF with a well-defined wall on CT 5-10

9 50 M Parieto-occipital 1 CEl Unilocular, isodense to CSF with a well-defined wall on CT <5

10 10 F  Occipital lobe 1 CEl Unilocular, isointense to CSF with a well-defined, hypointense <5
wall on T2

11 8 M Parieto-occipital 1 CE2 Septated mother cyst with hypointense wall on T2, daughter 5-10
cysts

12 13 M  Parieto-occipital 1 CEl Simple cyst with surrounding oedema and rim enhancements 5-10

13 15 M Frontoparietal 1 CEl Unilocular, isodense to CSF with a well-defined wall on CT 5-10

14 9 F  Occipital lobe 1 CE2 Septated mother cyst with hypointense wall on T2, daughter 5-10
cysts

15 14 M Frontoparietal 1 CE3 Detachment of laminated membrane produced floating mem- 5-10
brane appearance (water-lily sign)

16 39 F  Parieto-occipital 1 CE2 Septated mother cyst with hypointense wall on T2, daughter 5-10
cysts

17 46 M Frontal lobe 1 CE3 Heterogeneous less rounded appearance 5-10

18 12 M Temporoparietal 1 CE1 Unilocular, isodense to CSF with a well-defined wall on CT 5-10

19 7 M  Frontal lobe 1 CL Unilocular, isointense to CSF and lacking a hypointense wall <5
on T2

20 18 F Frontal lobe 1 CEl Unilocular, isodense to CSF with a well-defined wall on CT <5

21 50 M Temporoparietal 3 CEl Three unilocular cysts with similar appearance (simple cysts 5-10
with visible well-defined cyst wall) closed to each other

22 15 M Parietal lobe 1 CL Unilocular, isointense to CSF and lacking a hypointense wall <5
on T2

23 9 M Temporoparietal 1 CL Unilocular, isodense to CSF and lacking a wall on CT <5

24 10 F  Frontoparietal 1 CL Unilocular, isointense to CSF and lacking a hypointense wall <5
on T2

25 47 M Alllobes 21 CL and CE1 Diffuse simple cysts (n = 21) in all lobes. Seven of them similar <5
to type CL and 14 similar to type CE1

26 15 F Frontoparietal 1 CEl Unilocular, isointense to CSF with a well-defined, hypointense >10
wall on T2

27 11 M Temporoparietal 1 CL Unilocular, isointense to CSF and lacking a hypointense wall <5

on T2

All of the cerebral cysts were supratentorial and the pari-
etal lobe was most frequently involved. The size of the HCs
ranged from 1 to 12 cm and most of the cysts were solitary.
Distribution of the age, sex, location, type and CT/MRI
findings for the patients with cerebral HD are shown in
Table 2.

CL type cysts identified in the study were unilocu-
lar, spherical, homogenous, isodense/isointense to cer-
ebrospinal fluid (CSF) and lacking a wall on CT and
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MRI (Fig. 1). CEl cysts were unilocular, spherical or
oval, isodense/isointense to CSF with a well-defined
wall (isodense to hyperdense on CT, hypointense on
T2-weighted MR images) (Fig. 2). CE2 cysts were multive-
sicular and multiseptated. Cyst septations produce “rosette-
like”, “honeycomb-like” or “wheel-like” appearances
(Fig. 3). In CE3 cysts, detachment of laminated membrane
from the cyst wall produced a floating membrane appear-
ance (water-lily sign).The cysts were oval shaped with a
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Fig. 1 Multiple cystic lesion
(CL). Axial T1-weighted a

and axial T2-weighted images
b show multiple spherical,
well-defined cysts isointense to
cerebrospinal fluid in bilateral
frontal and parietal lobes

Fig. 2 CEl cyst. Axial
T2-weighted image a shows a
unilocular, well-defined, cyst
located in the left frontal lobe.
The cyst has a hypointense
rim (visible cyst wall) with
mild surrounding oedema
along its anterior aspect. Axial
T1-weighted image b shows
homogeneous low intensity of
the cyst. Note the mass effect
and the displacement of the
interhemispheric fissure to the
right

hypointense wall on T2-weighted MR images (Fig. 4).
There were no cases of type CE4 or CES cysts in our study.

Noncomplicated or noninfected lesions demonstrated
smooth, well-defined, thin-walled, spherical, homogene-
ous appearance, without calcification, peripheral oedema
or contrast enhancement which had inner density/inten-
sity similar to CSF on CT and MRI. Infected cysts dem-
onstrated spherical well-defined wall with surrounding
oedema and complete or incomplete rim enhancements
(Fig. 5). Two of the patients had multiple HC (one of them
had three cysts and the other one had 21), and all of them
were supratentorial, noncomplicated cysts. In five patients,
the mass effect of the HC induced a midline shift.

We included only three cases of spinal HD in this study.
All of them were primary and had multilevel, extradural-
intraspinal components. Table 3 shows the level, location
and type of the spinal CEs.

All of our spinal HD cases had characteristic imag-
ing features; multiple hypointense masses in the vertebral

bone, extradural-intraspinal and paravertebral areas on
T1-weighted MRI. On T2-weighted MRI multiple hyperin-
tense masses with daughter cysts and low-signal-intensity
rims were observed (Fig. 6).

The most common symptoms and clinical findings were
vomiting, headache, seizures, visual disturbances in cere-
bral HD patients, and weakness of the limbs, and back pain
in spinal HD patients.

There was extracerebral organ involvement in eight
cases of cerebral HD. Except for one patient, who had car-
diac and muscular involvement, all patients (n = 7) had
concomitant liver involvement and one patient had a dis-
seminated infection.

Discussion

Since diagnosis and treatment decisions are driven by
imaging, it is important to be familiar with the imaging
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Fig. 3 CE2 cyst. Axial T2-weighted a and sagittal T1-weighted image b show multiseptated cyst in the left frontal lobe. The cyst septations pro-

duce a “wheel-like” appearance

Fig. 4 CE3 cyst. Axial T2-weighted a and sagittal T1-weighted image b show a mother cyst with detached membrane in the right frontoparietal

region, which contains a daughter cyst peripherally

features of HD. The diagnostic accuracy of MRI and CT
is high for cerebral and spinal HD with specific imaging
characteristics like daughter cysts, floating membrane and
hypointense walls on T2-weighted images. However, the
imaging features of HD may overlap with those of other
cystic lesions.

The differential diagnosis of cerebral HCs includes
numerous cystic lesions such as simple cysts, arachnoid

@ Springer

cysts, porencephalic cysts, cystic tumour of the brain, pyo-
genic abscess and neurocysticercosis [9].

1. Simple cysts and complete liquid-type HCs (CL and
CEl) display isodensity/isointensity on CT and MR
images, with well-defined margins. Type CE1l usu-
ally has a low-signal-intensity well-defined wall on
T2-weighted MR image (rim sign) which makes them
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Fig. 5 Infected hydatid cyst.
Axial T2-weighted image a
shows a spherical cyst with
well-defined wall and surround-
ing oedema. Axial T1-weighted
gadolinium-enhanced image b
shows complete rim enhance-
ment of the infected cyst

Table 3 Patient age and sex, cyst number, type, level and location in
patients with spinal hydatid disease

Patients 1 2 3
Age 38 25 26
Sex F M M
Number 4 7 1
Type 2 Type CE2 5 Type CE2 Type CE3

2 Type CE3 2 Type CE3
Level Cervical and thora-  Lumbar and sacral ~ Thoracal

cal

Location Extradural-intraspi- Extradural-intraspi- Paravertebral

nal nal

easy to distinguish from simple cysts. On CT scan the
cyst wall appears iso/hyperdense. However, in CL type
cysts there is no visible cyst wall so the differential
diagnosis requires clinical information and laboratory
findings. While secondary cerebral HD could cause
high antibody titres, in primary cerebral HD, these are
absent or lower. Therefore, if there is another involved
organ, the antibody titres will be high, which is helpful
for the diagnosis.

2. Arachnoid cysts are extra-axial masses. They are nei-
ther spherical nor surrounded by brain tissue [13].
Arachnoid cysts may deform the adjacent brain tissue
and scallop the calvaria.

3. Porencephalic cysts are not generally spherical and
they usually have a direct communication with the ven-
tricular system. Porencephalic cysts are typically lined
by gliosis that can easily be demonstrated with MR
imaging.

4. Cystic tumours could be differentiated by surrounding
oedema, peripheral and mural nodular enhancement.
HCs, especially complicated cysts, may demonstrate

IV GADODIAMID

complete or incomplete peripheral enhancements,
but in cystic tumours peripheral enhancement is more
prominent. Three of our cases were infected cysts dis-
playing fine peripheral enhancement and oedema.

5. In pyogenic abscess, peripheral oedema is mostly
observed and the rim enhancement is prominent. Satel-
lite lesions are commonly present. Diffusion-weighted
MRI could be used for differentiation between abscess
and HCs. While pyogenic abscess shows diffusion
restriction [14], HCs do not [15]. As the stage of the
HCs progress, the ADC values decrease due to the pro-
tein, lipid and polysaccharide content [16].

6. Neurocysticercosis shows a smooth thin-walled cyst that
is CSF-like on CT and MR images in the early vesicular
stage. A mural nodule that represents the viable larval
scolex, “cyst with a dot” appearance, and oedema and
contrast enhancement can be used in differentiation.

Our demographic findings were similar to those reported
in the literature. Czermak et al. [17] reported that cerebral
HD is most commonly seen in children, and El-Shamam
et al. [18] reported that cerebral HCs are usually seen in
males. In our study, 19 patients out of 27 (70.3 %) were
between 7 and 15 years old, and 18 (66.6 %) patients with
cerebral HD were male. All of the cerebral cysts were
supratentorial and the parietal lobe was most frequently
involved.

Daughter cysts are pathognomonic for HD but this find-
ing has rarely been reported [19]. In accordance with the
literature, three of the cerebral HCs and all of the spinal
HCs were multilocular in our series. Primary multiple HCs
of the brain are rare [20]. Multiple larval intake and embo-
lisations from a ruptured cyst into the circulation are causes
of multiple cerebral cysts. We had only two cases with mul-
tiple cerebral HCs, consistent with the literature (Fig. 1).
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Fig. 6 Extradural-intraspinal and paravertebral hydatid disease.
Axial T1-weighted image a shows multiple hypointense masses in
the paravertebral and extradural-intraspinal areas. The corresponding
axial T2-weighted image b shows multiple areas of increased signal

The differential diagnosis of spinal HCs includes cystic
masses, tuberculous spondylitis, chronic osteomyelitis,
abscess and haematoma [21, 22]. The imaging character-
istics of spinal HD can aid in differentiation. Mentioned
characteristics include features such as spinal HCs usually
having a multilocular structure, low-signal-intensity rims
on T2-weighted imaging, no enhancement (except in com-
plicated cysts), and paraspinal extension, usually without
calcification, and osteoporosis and sclerosis in bone.

Additionally, it is important to know the different
stages of CE in order to determine the treatment proto-
col. Today, imaging-based, stage-specific treatment is
accepted and four options exist for the treatment of CE.
These are surgery, percutaneous treatment of the hydatid
cysts with the PAIR (puncture, aspiration, injection,

@ Springer

intensity. Note that the extradural-intraspinal masses have low-signal-
intensity rims. ¢ Macroscopic appearance of the daughter cysts after
surgical excision

re-aspiration) technique, anti-infective drug treatment and
‘watch and wait’ [23]. In cerebral and spinal HD, three
(surgery, medical treatment and “watch and wait”) of
these options could be used. The most common treatment
modality is surgical removal of the cysts. Medical treat-
ment [24] could be used for inoperable cysts and for cases
with a high surgical risk. Furthermore, leaving type CE4
and CES cysts (inactive forms) untreated and just moni-
toring them is a treatment method used in liver hydatid
cysts. Therefore, a “watch and wait” approach may be
used for cysts which are calcified, inactive and do not
lead to increased intracranial pressure in asymptomatic
patients [25]. The choice of treatment protocol should be
made according to the risks, benefits, indications and con-
traindications for each case.
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We used the WHO classification of CE for 49 CEs in 27
patients with cerebral HD and 12 CEs in three patients with
spinal HD. Of the cysts, 14 were type CL, 29 were type CEl,
11 were type CE2 and seven were type CE3. In other words 54
cysts were in the active class and seven were in the transitional
class. Utilisation of this classification can differentiate fertile
active cysts from the transitional and inactive forms of CE.

Cerebral and spinal HD is well demonstrated by CT and
MRI. Calcification can easily be detected with CT but MRI
is better in detecting multiplicity and demonstrating cyst
wall and anatomical relationships. Consequently, MRI is
more helpful in surgical planning.

This study has several technical limitations. First of all,
the images of 30 patients were obtained from four differ-
ent devices (two CT and two MRI). Another limitation is
that our study included no patients with type CE4 and type
CES.

In conclusion, the differential diagnosis of HD is usu-
ally possible with the combined use of characteristic imag-
ing features, laboratory and clinical information. However,
sometimes the differential diagnosis of HD from other cystic
lesions may be challenging. The radiologist must be diligent,
particularly in endemic areas, as HD has a broad differential
diagnosis including simple cyst or cystic tumour. Since the
treatment of HD may be surgical or medical, determined by
the stage of the disease, the use of such classification will
provide standardisation of a uniform treatment modality.
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