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Abstract

Hydatid disease of the central nervous system is relatively rare and comprises about 2-3% of all the hydatid cyst cases
reported in the world. Spinal hydatid disease is an even rarer entity. It is endemic in sheep and cattle-raising regions, seen
mainly in Mediterranean countries including Turkey and Syria. Pediatric neurosurgeons in non-endemic countries face a
challenge when they encounter children with hydatid cysts of the central nervous system, mostly due to lack of awareness
and the ensuing diagnostic dilemmas. It is also a significant socioeconomic problem in developing countries, due to improper
hygiene and lack of dedicated veterinary practice. The clinical features are largely nonspecific and very according to location
and severity of disease. However, with the advent of advances in MR imaging, the diagnostic accuracy of hydatic disease
involving the brain and spine has increased. Intact removal of the cyst/s, without causing any spillage, and appropriate
antihelminthic therapy is the goal and key to cure and prevention of recurrence. In this manuscript, the current literature on
hydatid cyst of the brain and spine is reviewed to better understand the epidemiology, pathophysiology, diagnostic accuracy,
and advances in therapeutic options. A heightened clinical suspicion, awareness of MR imaging features, improved surgical

strategies, and options for prevention are discussed.
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Introduction

Echinococcosis is a disease of antiquity, with reports of
human affliction by this condition dating back to Hippocrates
and Galen, where it was thought to mainly affect the liver of
slaughter animals [1, 2]. This disease, however, remains a rel-
evant public health concern in the modern era, with consider-
able socioeconomic impact on human beings in several parts
of the world [3]. The World Health Organization (WHO) has
identified echinococcosis as one of the seventeen neglected
diseases targeted for control or eradication by 2050 [4].

It is caused by the adult and larval stages of the tapeworm
(cestode) belonging to the genus Echinococcus (family
Taeniidae). The term Echinococcus was first described by
Rudolphi [5]. Cestodes have a predilection for the central
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nervous system, with hydatid disease of the central nervous
system being caused by infestation during the larval stage of
the cestode Echinococcus granulosus. Other species, includ-
ing Echinococcus multilocularis, Echinococcus vogeli, and
Echinococcus oligarthrus, have been recognized, but have
less relevance in the context of CNS infestation [6, 7]. Para-
sitic infestation of the central nervous system affects mil-
lions of people with a worldwide geographical distribution.
A change in the distribution of these parasitic diseases has
also become more evident in the era of globalization. Hydatid
disease remains endemic in parts of Latin America, Australia,
Mediterranean countries, the Middle East, and India, with
prevalence rates ranging from 1.2 to 23 per 100,000 inhabit-
ants, especially high where raising sheep, cattle, and other
livestock are common practice [8]. The definitive hosts for
Echinococcus are canines such as dogs, wolves, and foxes [9].

Hydatid disease of the brain
Pathology and pathophysiology

Echinococcus granulosus is the most common genus in
humans, who inadvertently serve as intermediate hosts
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through the accidental ingestion of contaminated food.
Viable parasite eggs form oncospheres in the human
intestine. These viable Taenia ova later pass through the
mucosa of the human intestinal tract into the portal system
and spread hematogenously to other organs, mostly the
liver, where 75% of the embryos are retained. A further
15% reach the lung and are retained by the pulmonary
capillaries, with only 2% of these ova lodging in the brain
and 1% in the spine [5, 10, 11]. The hydatid cyst itself has
a wall composed of two layers, an inner layer of germinal
epithelium (endocyst) and an outer layer laminated hyaline
membrane (ectocyst). Hydatid cysts in the brain do not
usually have the adventitial membrane (pericyst) surround-
ing the parasitic organism, which occurs in other parts of
the body, unless there has been infection, injury, or rupture
of the cyst after which a thick, even calcified adventitial
membrane may develop (Fig. 1) [12—14]. Daughter cysts
and scolices at various stages of development occur in
the germinal layer and may detach from the cyst wall and
settle at the base of the cyst, forming a sediment. The cyst
fluid is generally colorless and contains albumin, glucose,
chloride, lymphocytes, scolices, and hooks [5, 6, 8, 15].

Hydatid cysts of the brain are almost always spherical,
with a wall that has a whitish to transparent, smooth, thin,
slightly elastic consistency, and is made by the parasite
and not the host [5]. Growth of the cyst in the brain usu-
ally occurs at about 1 cm/year but an increase of 5-10 cm
within a year has been reported [16, 17]. While quite rare,
hydatid cysts may degenerate and die, typically becoming
turbid, with linear calcification, undergoing degeneration
and finally shrinkage of the cyst [5, 16].

Cerebral involvement is quite rare, with the majority of
cystic hydatid disease of the brain occurring in children, usu-
ally transmitted from dog saliva or uncooked contaminated
vegetables [18-22]. Cysts are usually single, unilocular,
and located supratentorially in the distribution of the mid-
dle cerebral artery, but can occur infratentorially [9, 23-26].
Cyst rupture is uncommon, but can occur spontaneously or

Fig.1 Calcified adventitial membrane
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secondary to trauma, usually resulting in the development
of multiple secondary cysts [23, 25-28].

Clinical features

Most cerebral hydatid cysts occur in childhood and manifest
clinically in early adulthood [29, 30]. The clinical presenta-
tion depends on the age of the child, size, number, and loca-
tion of the cysts as well as the host immune response and
temporal evolution of the cyst. Symptoms and signs related
to raised intracranial pressure (ICP), i.e., headache, nausea,
vomiting, papilledema, impaired level of consciousness, and
focal neurological deficit, remain the most common presen-
tation [17, 20, 22, 31, 32]. Seizures remain a less common
presentation in this condition, with reports ranging from
around 8 to 22% [33-37].

Diagnosis

Serological testing in hydatid disease has limited diagnos-
tic accuracy, with reported sensitivities and specificities of
60-90% [4, 38]. Blood tests should include a C-reactive pro-
tein (CRP), estimated sedimentation rate (ESR), and complete
blood count which are likely to only show an eosinophilia.
The use of antigen tests, ELISA, indirect hemagglutination,
and complement fixation tests demonstrate poor diagnostic
accuracy, with sensitivities of 25-56% in extra-hepatic disease
[4, 38].

Use of enriched antigen and recombinant antigen tests
may increase the diagnostic accuracy, demonstrating sen-
sitivities of over 90% on selected serum samples [4, 9, 10,
39]. Protein biomarkers and DNA-based detection methods,
such as quantitative or nested PCR assays, provide better
diagnostic accuracy. The Casoni skin test has been mostly
replaced by serological tests, which are safer and have a bet-
ter diagnostic accuracy.

Imaging forms the mainstay of diagnosis in patients with
a suggestive history and clinical findings, and characteristic
imaging findings may still support the diagnosis if serology
is negative [9, 10, 39]. CT and MRI form the core imag-
ing modalities for defining the features of cerebral hydatid
cysts. Plain CT scan demonstrates a hypodense, cystic lesion
with mass effect and midline shift, entrapment hydrocepha-
lus is usually present. There is often not much surrounding
edema. Cysts may be a single or multiple in appearance and
calcification is thought to suggest previous cyst rupture or
infection. Cerebral hydatid cysts appear as large, unilocular,
thin-walled cysts, usually without calcification or surround-
ing edema. They contain fluid with a density similar to CSF
on CT scan and MRI. Calcification on CT scan may signify
death of the parasite, and irregularity of the cyst wall sug-
gestive of previous rupture [14] (Fig. 2). TIW MRI usu-
ally demonstrates hypointense lesion/s, often with minimal
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Fig.2 Axial CT scan demonstrating a large hydatid cyst in the left
frontal hemisphere with irregular cyst wall

surrounding perilesional edema, unless the cyst is infected
and eliciting a host inflammatory response. The absence of
contrast enhancement and edema are typical of hydatid cyst
[40].

T2W MRI usually demonstrates a hyperintense cystic
lesion. Intraoperative guidance using ultrasound to identify
the cysts and guide the surgical approach and dissection can
be a useful adjunct in this context [32, 41].

Management
Medical management

While the mainstay of hydatid disease of the brain involves
surgical extirpation, the role of antihelminthic therapy in
this context deserves unpacking. Mebendazole was initially
used to treat hydatid cysts, but was later replaced by alben-
dazole, which demonstrated improved gut absorption when
compared to the former [42—-44]. The recommended treat-
ment regimens include albendazole at a dose of 12—-15 mg/
kg/day (given in 2 daily doses, ideally with fatty meals)
for 3 months, or at 10-12 mg/kg/day for recurrent 1 month
courses, followed by a “rest period” of 15 days after each
month [34, 42-44]. The optimal duration of treatment is
still unclear. Side effects include nausea, vomiting, diarrhea,

headache, dizziness, reversible hepatotoxicity, and other
gastro-intestinal disturbances, and laboratory monitoring,
including liver function tests, should be checked at 2-week
intervals for the first 3 months, then monthly is advised
[45-47T].

Praziquantel has demonstrated effectivity as an antihel-
minthic drug, but does not appear to have a definitive role
as a primary therapeutic agent. There is some evidence to
suggest that combination therapy with praziquantel and
albendazole is more beneficial than albendazole alone [6, 7].

The use of antihelminthic therapy has been recommended
in cases of recurrent disease, hydatid dissemination, lesions
considered inoperable, or with intraoperative cyst rupture
[32]. Use of systemic albendazole before and after surgery
has been shown to reduce the recurrence rate [43, 48]. While
seizures are rare in cerebral hydatid disease, treatment with
appropriate anti-epileptic drugs may be required [32, 48].

Surgical management

Surgery remains the cornerstone of treatment for cerebral
hydatid disease, with the goal being intact cyst removal
without spillage of the contents. Dowling’s technique
remains a popular method of “in toto” cyst extirpation
using hydrostatic dissection to define the plane between
the cyst wall and brain [49] (Fig. 3). The principles of
surgery for intact extirpation of cerebral hydatid cysts
mandate an adequate, large craniotomy, meticulous dural
opening (especially for superficial cysts), and careful
microsurgical dissection of the overlying and surround-
ing cortex to expose the cyst wall. The finest bore cath-
eters are gently positioned between the cyst wall and the
surgical patty-lined underlying cortex (Fig. 4). Normal

Fig.3 Dowliing's technique used to remove an intact hydatid cyst
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Fig.4 Intra-operative microsurgical dissection to remove a large
hydatid cyst

saline (0.9%) can be used for hydro-dissection of the cyst
wall in order to separate it from the brain parenchyma
(Fig. 5). Subtle head position adjustment and elevation
together with minimal Valsalva by the anesthetist, done
timeously, may encourage cyst extirpation (Fig. 6). Hyper-
tonic saline (5%) soaked swabs lining the cyst border are
helpful to minimize spillage of the cyst content in cases
where there is inadvertent cyst rupture. Always be vigilant
to avoid excessive systemic absorption of the hypertonic

Fig.5 Intact hydatid cyst demonstrating exocyst membrane
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Fig.6 Large hydatid cyst post-evacuation

saline solution. Intraoperative ultrasound may be a useful
adjunct in defining the borders of the cyst, and identifying
deeply located cysts. Cyst rupture during surgery is almost
inevitably associated with recurrence and is an indication
for commencing antihelminthic therapy [48]. The conse-
quences of cyst rupture include dissemination, recurrence,
and possibly an anaphylactic reaction. Cyst aspiration has
been described, but should be considered only when intact
removal of the cyst is not possible. Hemostasis, water-
tight dural closure, and layered tissue and skin closure
are essential to limit surgical complications. Usually the
brain re-expands to a remarkable extent within months but
occasionally postoperative complications such as pneu-
mocephalus, subdural collections or porencephalic cysts,
seizures, and transient neurological deficits may occur.
Mass effect from the subdural collection or porencephalic
cyst may require shunt placement [48-50].

Hydatid disease of the spine

Spinal hydatid cysts in children account for 1% of all hydatid
disease, and remains a very rare occurrence [51-63]. There
are subsequently very few cases of spinal hydatid disease
reported in children and adolescents [61, 62, 64—66], which



Child's Nervous System (2023) 39:751-758

755

Table 1 Classification of spinal hydatid disease by Braithwaite and
Lees [70]

Type 1 Hydatid cyst is intramedullary

Type 2 Hydatid cyst is intradural and extramedullary
Type 3 Hydatid cyst is extradural and intraspinal
Type 4 Hydatid cyst is in the vertebral body

Type 5 Hydatid cyst is paravertebral

may be partially due to underreporting of this condition,
especially in developing countries. Hydatid disease affect-
ing the spine occurs mostly extradurally, often as multiple
cysts [55, 62]. Intradural extramedullary cysts are exceed-
ingly rare, with vertebral body involvement occurring in
around 0.5-2% of cases [52-55, 60, 62]. Intramedullary
hydatid cysts are the rarest form of this disease, and have
been reported in only a few case reports [67—69]. Spinal
involvement usually results from direct extension from the
abdomen, chest cavity, or pelvis, mostly affecting the dorsal
area of the spine. The most commonly affected regions of
the spine are thoracic (52%), lumbar (37%), cervical (5.5%),
and sacral spine (5.5%) [38, 66, 70-72]. Spinal hydatid dis-
ease can be anatomically and radiologically classified into
paraspinal, spinal, and intraspinal, with intraspinal lesions
further divided into extradural, intradural extramedullary, or
intramedullary (Table 1) [70], or classified according to the
route of infection, i.e., primary or secondary disease [38].
Approximately 50% of cases involving the vertebral body
also have involvement of the spinal canal, but as the disease
spreads under the periosteum and ligaments, the interverte-
bral discs are spared. The cyst grows slowly, at the rate of
7 mm per month, and results in bone destruction by expan-
sion and mechanical compression, causing ischemia of the
nutrient vessels leading to bony necrosis, sequestra forma-
tion, and osteoclast proliferation [62]. Intradural extramed-
ullary hydatid disease can present as a giant cystic lesion

Fig.7 a Sagittal T2-MRI
demonstrating a cystic
(neuroepithelial cyst) lesion
ventral to the brainstem and
spinal cord. b Post-operative
sagittal T2-MRI demonstrating
evacuation of the cyst decom-
pression of the cord

mimicking an arachnoid cyst [71, 72]. Extradural spread
of hydatid cysts through widened neural foramina into the
muscle planes may result in a grape-like appearance [54, 58,
66]. Hydatid cyst in the sacral region may mimic an ante-
rior sacral meningocele [73], and purely ventral, extradural
hydatid cyst of the spine with no extension into the dura has
also been reported [53].

Clinical features These features can be nonspecific and vary
with the location of the cyst. The duration of clinical symp-
toms can range from acute to prolonged onset. Most com-
monly, these include back pain, paraparesis, radiculopathy,
sensory disturbance, and sphincter involvement. Paraplegia
is seen in 26% [55]. Spinal hydatid disease in children, while
rarer than adults, has been reported [38, 74-77].

Imaging There are no clearly distinguishing radiological
findings. Plain X-ray findings are nonspecific, but may show
bony destruction, typically of a moth-eaten, osteolytic nature
and a soft tissue mass, at single or multiple levels.

CT scan of the spine more efficiently demonstrates the
bony erosion and the extent of the lesion. Spinal deformity,
if present, is also best demonstrated on CT scan. Calcifi-
cation demonstrated as a “double layer of arcuate calcifi-
cation” may be helpful in diagnosing echinococcus [38].
MRI remains the investigation of choice and shows well-
circumscribed, cystic lesions, with CSF-like signal intensi-
ties, hypointense on T1-weighted imaging, and hyperintense
on T2-weighted imaging. T2-weighted images show a low-
intensity rim surrounding the homogeneous hyperintense
cyst contents (Fig. 7a, b). The cyst wall may be thin and
regular, isointense, or demonstrate a slightly lower signal
than its contents. A markedly hypointense cyst wall on T1-
and T2-weighted MR images is characteristic of hydatid
disease. There may be mild enhancement after gadolinium
injection, reflecting the vascularity of the pericyst. The
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differential diagnosis includes arachnoid cyst, arachnoiditis,
cystic tumor, tuberculosis, and cysticercosis [62, 72].

Management Treatment is fundamentally surgical [55, 61,
62, 66]. A laminectomy with total and intact cyst extirpa-
tion remains the goal. Precaution must always be taken to
avoid spillage of the cyst contents into the intradural or
intraspinal space. Hypertonic saline soaked swabs should
line the cavity as it destroy the parasites from the cyst fluid.
Intact cyst removal remains challenging with vertebral body
involvement. When the invasive nature of the infestation in
the spine precludes total removal, atraumatic cyst aspiration,
especially in multiple extradural cysts, has been described,
but remains a secondary option [51, 55, 60, 62]. Correction
of spinal deformity in children, where this occurs, usually
following multilevel laminectomies, in addition to intact
removal of cysts, appropriate anterior, and posterior instru-
mented stabilization techniques may be indicated [55, 77].
It can often be done in a single setting, preferably under
the guidance of intraoperative neuromonitoring. A poste-
rior approach with costotransversectomy is preferred in a
kyphotic deformity especially for the resection of the poste-
rior wall of the bony apex [55].

Drug therapy in spinal hydatid disease Albendazole remains
the drug of choice, and the treatment regimens are the same
as those for intracranial hydatid disease, as described earlier,
where use of albendazole after surgery has been suggested to
delay recurrence and reduce complications [51, 59, 61, 62].
Although the reported recurrence rate of spinal hydatid dis-
ease ranges between 40 and 90%, patients have an acceptable
quality of life following surgery [38, 55, 61, 62, 65]. The
risk factors for recurrence include infiltrative and extensive
disease, intraoperative cyst rupture, and anatomical location
of the disease. Peri-operative use of scolicidal and antihel-
minthic agents have been advocated to minimize the risk of
recurrence in hydatid disease of the CNS [74-76].

Advances in management

While most are still in their early stages, there have been
several developments in the application of diagnostic tech-
nologies which have already improved our understanding of
hydatid disease and may be useful for informing new public
health strategies aimed at prevention and improved inter-
vention. These developments mostly involve gene transcrip-
tome and proteomic analysis, identification of hormone and
cytokine-activated pathways, and improved vaccine devel-
opment [4].

@ Springer

Conclusion

Hydatid disease should be considered part of the differen-
tial diagnosis when dealing with cystic lesions of the brain
and spine, especially in endemic regions. Early diagnosis
with a high index of suspicion, definitive surgical treatment
with intact cyst removal, avoiding intraoperative rupture,
followed by a postoperative regimen of appropriate antihel-
minthic treatment, yields the best outcome.
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