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Abstract

Cysticercosis, caused by the helminth Taenia solium, is the most common parasitic infection of the central
nervous system in humans, most commonly involving the brain. Spinal involvement by the cysticerci is relatively
rare. However, the disease is much more common in developing nations with poor sanitation standards, and is also
increasingly being reported from developed nations with a high immigrant population. Human beings, being natural
definitive hosts for T. solium, infection occurs when humans become the accidental intermediate host, either due to
consumption of poorly cooked pork or consuming food contaminated with the parasitic eggs via faeco-oral route
from a carrier. Spinal cysticercosis usually presents with progressive neurological deficit, myelopathy and often
bladder incontinence. Considered a focal manifestation of systemic disease, cysticercosis is an essential differential
diagnosis in case of compressive spinal lesions in endemic nations. Diagnosis is accurately established based on
clinical assessment, imaging studies, especially MRI being the definitive test for cysticercal lesion, and
immunodiagnostic serological tests. Treatment includes medical as well as surgical line of management. Medical
treatment using cysticidal anti-helminthic drugs like albendazole and praziquantel, is indicated for stable solitary
cysticercal spinal lesions and as a preoperative and postoperative prophylaxis to decrease the parasitic load and
prevent recurrence, respectively. Surgical management is indicated in the presence of progressively worsening
neurological deficit, when the diagnosis is in doubt and in presence of severe intramedullary or extramedullary spinal

cord compression. The outcome of combined modality treatment is generally favourable.
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Introduction

Parasitic human infections have been known since the times of
Egyptian Medicine (3000 to 400 BC) [1]. Corpus hippocratorum,
Hippocrates original work, makes a mention of human infestation by
parasites. Aristotle (3" century BC) in his treatise, “The History of
Animals, described the presence of cysticerci in the muscles of pigs. It
was Plinio (25-79 BC) who named the adult form of the worm 7aenia
(Greek for ‘Tlace’ or ‘strip’)) [1]. The earliest documented report of
cysticercosis in humans dates back to the 16 century, when Paranoli
(1550 AD), documented fluid filled vesicles at the autopsy of a man
who died of stroke and Rumler (1588 AD) found similar cysts in the
duramater of an epileptic patient [2]. Grisinger (1862 AD) analysed 86
patients and established a causal relationship between epilepsy and
cerebral cysticercosis, outlining the first classification of the disease [1].

Since then, neurocysticercosis (NCC) has evolved to become the
most common parasitic infection of the central nervous system,
commonly affecting the brain [3-10]. NCC is endemic in most parts of
Asia, India, Mexico, Latin America and Sub-Saharan Africa [2,11-15].
Brazil and India are the countries with the highest prevalence of
reported cases [16]. In Brazil as high as 7.3% medical admissions have
been attributed to NCC [17]. Taenia solium is a porcine parasite, where
pigs are the natural intermediate hosts and humans are the natural
definitive hosts. Thus, even in the endemic areas the prevalence is
higher in areas where pig handling is common and where improper
faecal handling and poor sanitary conditions favour humans to
become the intermediate hosts [13]. With globalisation and increased

numbers of immigrants from developing nations, NCC is being
increasingly reported in the developed nations, particularly where
there is significant influx of immigrant population [18-20]. While
1,494 patient with NCC were reported in the United States from
1980-2004 [21], the number rapidly ascended to 18,584
hospitalizations due to NCC from 2003-2012 [22]. Travel to an
endemic region also poses a risk factor for contact with the parasite,
either by native pork consumption or through contaminated food or
water. NCC has also been reported in individuals with no history of
pork consumption or travel to any endemic area. The source of
infection in such cases is usually a close household contact with a
recent travel history or a domestic help from an endemic region, both
acting as carriers of 7. solium in the intestine [23].

Epidemiology of Spinal Cysticercosis

Spinal Cysticercosis (SCC) is a relatively rare form of presentation of
T solium infection as compared to the involvement of brain. The
earliest incidence of SCC was reported in 1963 by Canelas, who noted
SCC in 2.7% patients with NCC [24]. The reported incidence of SCC
varies from 0.7%-5.85% [1,4,5,25,26]. SCC most commonly involves
the thoracic spine [27,28], and is most commonly associated with a
primary NCC focus in the cranium, in approximately 75% patients
(range 30%-100%) [4,5]. Isolated spinal involvement of cysticercosis is
extremely rare, occurring in less than 25% patients [8,29].
Improvements in magnetic resonance imaging as well as increased
awareness of SCC as a differential diagnosis for a compressive lesion in
the spinal cord, especially in the endemic countries, would lead to the
increase in the reported incidence of SCC than those mentioned
currently [29].
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SCC may be further divided, based on the anatomical location of
the lesion in the spine as: extraspinal and intraspinal. While the former
involves the vertebral body, the latter is further subdivided into
extradural, subarachnoid (extramedullary) and intramedullary forms.
Subarachnoid form is the most common location for the SCC,
accounting for almost 80% of all the SCC cases [4,29]. It is also
commonly associated with simultaneous cranial involvement of the
NCC, which is thought to be the primary site of lodgement for the
parasite, from where the larvae migrate into the spinal cord along the
ventricular system and into the subarachnoid space. The
intramedullary type is a rare form of SCC [7,9,30] with only 55 cases
reported till 2014 [31]. Unlike the extramedullary (subarachnoid) type,
it occurs from direct spread of larvae through the bloodstream, similar
to intracranial parenchymal type NCC [4,29]. Extradural form of SCC
is exceedingly rare, with only a few cases reported in literature [32,33].
While intracranial NCC is much more common, cerebrospinal fluid
spread of the cysts can result in a high incidence of SCC; however, SCC
is not reported more often in patients with NCC. The plausible
hypothesis for this phenomenon include: occurrence of cerebrospinal
fluid (CSF) reflux at the craniovertebral junction, which propels the
cysts backwards preventing dissemination into the spinal canal [29];
“sieve effect” occurring at the transition between intracranial and
intraspinal subarachnoid spaces, where the majority of cysticerci, being
larger than the subarachnoid space at the cervical level, are unable to
pass through [27]. However, SCC dissemination involving the whole
spine cervical to lumbar levels has been reported [5].

Etiopathogenesis

The life cycle of 7. solium involves two hosts: pigs and humans. Pigs
are the natural intermediate hosts for the larval form cysticercus, while
humans are natural definitive hosts for the adult tapeworms, but
accidental hosts for the larval form. The adult tapeworm is attached to
the mucosa of the small intestine of humans. Gravid proglottids are
released into the faeces, which liberate thousands of eggs in the
environment. Pigs, coming in contact with the humans faeces, ingest
the 7 solium eggs. In the porcine intestinal wall, the eggs mature,
release oncospheres, which cross the intestinal mucosa and are carried
by the bloodstream to get lodged in various organs, where they evolve
into cysticerci. This development of cysticerci occurs in the porcine
tissues. Human consumption of poorly cooked infected porcine meat
results in the release of the cysticerci in the small intestine, which
attach to the intestinal mucosa and slowly evolve into mature
tapeworms. Human cysticercosis occurs when humans act as the
intermediate hosts, when the 7. solium eggs are ingested directly. This
occurs either due to ingestion of food contaminated with 7 solium
eggs or direct faeco-oral person-to-person transmission from
individuals harbouring the adult tapeworms in their intestines. SCC
results when the cysticerci migrate and get lodged in the spinal
column. Several possible routes of transmission of the parasite into the
spinal cord parenchyma or CSF have been postulated [27,34,35]: 1)
Hematopoietic venous route: spread occurs through retrograde blood
flow via the Bateson’s vertebral venous plexus, vertebral segmental
veins, intervertebral  veins and intercostal veins. 2)
Ventriculoependymal route: the dilated ependymal canal allows the
cysticercus to migrate from the fourth cerebral ventricle into the spinal
cord. 3) Subarachnoid route: although unlikely, theoretically, transpial
migration of cysticerci may occur into the parenchyma from the
subarachnoid space, explaining the intramedullary form of SC. 4)
Contiguous spread: extremely rarely, cysticerci from the intestinal

mucosa may directly penetrate through surrounding tissue layers to
reach the vertebral canal, without accessing the bloodstream.

After lodging into the neural tissue, the cysticerci are in the
vesicular stage of development. They then pass through other
successive stages: colloidal stage, granular stage and the final calcified
stage. In the colloidal stage, the cysticerci elicit a intense inflammatory
response from the host, with mononuclear infiltration, surrounding
astroglial proliferation, edema, perivascular lymphocytic cuffing and
neuronal degeneration. In the calcified stage, the edema subsides but
the astrocytic gliosis becomes intense and multinucleated giant cells
appear surrounding the lesion [36]. Inflammatory reaction ensues
against the dead parasite causing perilesional edema, damaging the
parenchyma and causing worsening of symptoms [7]. Inflammatory
reaction in the subarachnoid space also leads to leptomeningeal
thickening, which coupled with exudates of inflammatory cells and
parasitic membranes, occludes the CSF flow, leading to obstructive
hydrocephalus.

SCC lesions can cause symptoms by one or more pathological
mechanisms: firstly, the intense host inflammatory reaction occurring
surrounding the lesion leads to acute neuronal dysfunction, presenting
with a radiculopathy-like clinical presentation. Secondly, the calcified
lesions produce a mass effect onto the spinal cord, producing
compressive spinal cord dysfunction. Thirdly, chronic neuronal
degeneration occurring along with astroglial and microglial
proliferation, produce irreversible cord changes leading. The
pathological process producing symptoms would also determine
response to treatment. Inflammatory pathology would have a good
response to medical management with antihelminthic drugs, along
with corticosteroids given to suppress the release of inflammatory
mediators. Surgical decompression would benefit the patients whose
symptoms arise predominantly from a mass effect due to the
cysticercal lesion. The outcome in the case of chronic neuronal
degeneration is usually unpredictable and often partial or none, as
there is rapid neuronal loss and the spinal cord parenchymal changes
are often irreversible.

Clinical Presentation

The mode of presentation of SCC depends on a number of factors
[29,37]: 1) Spinal level of the lesion; 2) Anatomical location
(intramedullary/extramedullary/extradural); 3) Size of the lesion; 4)
Stage of development of cysticerci; 5) Host immune reaction with
inflammation or scarring around the neural structures. The common
clinical presentations include pain, progressive weakness, spasticity,
bowel and bladder dysfunction and myelopathy [7,16,28,38,39].
Thoracic canal being narrower, the spinal cord affection in this region
occurs in the earlier stages of the cysticercal development, with
relatively smaller size of the calcified cysticerci causing greater degrees
of symptoms. Thoracic level involvement is most commonly presents
as progressive myelopathy with patients presenting with lower limb
neurological deficit, often with bowel and bladder involvement. In
contrast lumbar vertebral canal is greater in diameter and the contents
include the conus and cauda equina, thus lesions in this region become
symptomatic relatively later, once the lesion grows significantly to
compress the cord. Lumbar SCC may present with backpain, radicular
symptoms with varying grades of lower limb weakness. Besides the
spinal location, the anatomical location of the lesion also influences the
duration and presentation of SCC. Smaller intramedullary lesions
become symptomatic early, whereas extramedullary lesions may
become very large and exhibit relatively late and insidious onset of
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symptoms [8,29]. In cases with intramedullary lesions, the most
common clinical signs are myelopathy and progressive weakness,
induced by spinal cord compression; whereas, back pain and radicular
pain are the most common symptoms associated with extramedullary
SCC [8]. Inflammation occurring as a consequence of reactive host
immune response may produce symptoms of spinal cord and nerve
root irritation, and progressive accumulation inflammatory mediators
may produce spinal compression. In certain patients of SCC, the
neurological symptoms may follow a temporal pattern. Initially they
may present with a clinical picture of recurrent meningitis with
episodes of intracranial hypertension, associated with hydrocephalus
[27]. The spinal symptoms may develop months or years after the
cranial symptoms, as a consequence of secondary spread of the cysts.

Diagnostic Evaluation

Magnetic resonance (MR) imaging is the diagnostic modality of
choice for diagnosing cysticercal lesions in the spine. MR imaging
provides a highly effective non-invasive modality of imaging since it
allows detailed assessment of spinal cord and any pathologic entity,
while simultaneously allowing screening of the whole spinal axis to
quantify the extent of disease. The lesion of SCC appears as a cystic
lesion which is hypointense on T1 weighted images, while on T2
weighted images, it shows high signal intensity due to high protein
content within the cyst [7,8]. Surrounding edema and peripheral rim
enhancement can be seen on post contrast images [40,41]. The
diagnostic sign of cysticercal lesion, although seen infrequently, is the
presence of scolex within the cyst cavity, seen on MR imaging as a
‘mural nodule; which is hyperintense on T1 image and hypointense on
T2 image [40,42-44]. In the presence of calcification in the lesion,
computed tomography provides better outline and details of the
calcified cyst. The differential diagnosis of an intramedullary cystic
lesion includes some other cysts such as arachnoid cyst, ependymal
cyst, neurenteric cyst, sarcoidosis, neoplasms such as ependymoma,
and infections such as abscess [7].

Immunodiagnostic tests of serum samples have been widely used to
confirm the diagnosis of cysticercosis. Some cysticercal surface
antigens stimulate formation of antibodies as a part of the host
immune response [36]. These antibodies can be assayed, and this
forms the basis for immunological testing for diagnosis of
cysticercosis. Enzyme linked immunosorbent assay (ELISA) of both,
the serum and CSE, is reported to be highly sensitive and specific for
diagnosis of SCC [45-48]; however, certain reports claim CSF ELISA to
be more accurate than serum; with its sensitivity and specificity for
SCC being 87% and 95% respectively [29] The drawback of
immunotesting is the high (50%) false-positive rate seen when SCC
occurs purely intramedullary or parenchymal, in solitary cysts or in
cysts with calcification alone [8, 36]. Another drawback is the false-
positive response in patients who are exposed to adult parasite without
developing cysticercosis [49]. Monoclonal antibody bases parasitic
antigen assays of CSF samples, reflect the presence of live parasites,
establish presence of ongoing viable infection and can be used to
quantitatively verify successful treatment [49].

Treatment of Spinal Cysticercosis

Medical management

Albendazole and Praziquantel are anticysticidal drugs of choice
which have been effectively used to treat spinal cysticercosis

[6,17,46,50,51]. Medical therapy is considered imperative as a
postoperative prophylaxis to prevent recurrence after surgical excision
of the lesion since cysticercosis is considered to be a generalised
disease with a focal manifestation. The usual dose of albendazole and
praziquantel are 15 mg/kg/day and 50 mg/kg/day respectively, with the
usual duration of prophylaxis being 4-6 weeks [7,31]. Albendazole can
also be used preoperatively to consolidate the lesion, and thus provide
a clear delineation of the cyst during surgery [7]. Albendazole has been
found to be superior to praziquantel in trials comparing both the drugs
[17,52]. However, Albendazole given in large doses in the presence of
viable vesicular cysts, may cause aggravate the inflammatory reaction
around the cysts as they degenerate, which could lead to neurological
worsening [3]. Thus, corticosteroids are used in the management of
cysticercal arachnoiditis, encephalitis and angitis [8]. Steroids control
the inflammatory reaction around the cystic lesion as well as prevent
deterioration in spinal cord function after treatment. Besides
preoperative and postoperative use, medical therapy is indicated
independently for the treatment of highly suspected intramedullary
SCC, for SCC with stable neurology and for multifocal, unresectable
lesions [7,9,30,46,51]. However, the effectiveness of medical cysticidal
therapy does not obviate the need for surgical management in
symptomatic SCC patients, especially when the symptoms are
progressive.

Surgical therapy

According to the American Society for Microbiology Current
Consensus Guidelines for Treatment of Neurocysticercosis, the
treatment of the spinal cysticercosis, intra- or extramedullary, is
primarily surgical [3]. Surgical treatment is indicated as the definitive
mode of treatment of SCC with severe progressive neurological deficit,
irrespective of prior medical therapy. Extramedullary lesions warrant
surgical treatment with laminectomy and excision of the compressing
cystic lesions. In most of the cases the cyst excision is technically
simple since the lesions adhere to the parenchyma even in the
degenerative stage [27]. However, in certain cases, intense
inflammations and arachnoidal scarring may cause adhesion to the
neuronal structures, making the dissection and excision difficult;
which would then be possible only by meticulous dissection, gentle
irrigation and valsalva manoeuvres which help in extirpating adherent
cysts [53]. Some cysts may not be completely excised because of the
parenchymal adhesions and extensive scarring. The excision of
intramedullary lesion can be done after a myelotomy and
microsurgical dissection from surrounding parenchyma, although the
approach and surgical procedure adds to the morbidity of the patient.
The outcome of intramedullary SCC excision is not poor and
neurological improvement in upto 85.7% patients has been reported
after surgical treatment [26]. Surgery does not provide the expected
outcome in all patients since multiple pathogenic mechanisms are
responsible for the neurological symptoms in SCC [6]. Surgical
treatment is the procedure of choice when the diagnosis is in doubt [7],
and should be performed at the earliest, to prevent permanent
neurological sequelae. Leptomeningeal inflammation and arachnoiditis
may cause obliteration of the subarachnoid space, causing obstruction
in CSF flow; it requires treatment with duraplasty to re-establish CSF
flow [29]. Upto 50% patients undergoing spinal surgery for SCC
experience persistence or recurrence of symptoms due to arachnoid
inflammation [3]. Besides the conventional surgical complications, one
peculiar complication of surgical cyst excision is cyst rupture during
surgical manipulation. Cyst rupture would lead to postoperative
inflammation and arachnoiditis, which would lead to postoperative
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neurological worsening. This can be effectively minimized by
hypertonic saline irrigation during cyst removal, use of black gauze
pieces surrounding the cyst wall and perioperative use of steroids [27].

Conclusion

Spinal cysticercosis is rare form of human infection by the helminth
T solium. SCC is endemic in the developing nations with high-risk
populations, commonly presenting with radiculopathy, myelopathy or
cauda equina syndrome. MR imaging is the investigative modality of
choice for diagnosis, with immunodiagnostic tests providing ancillary
evidence of infection. Medical management is indicated in
preoperative and postoperative prophylaxis and as definite treatment
in stable solitary cysts or as salvage therapy in multiple inoperable
cysts. Steroids play an important role in controlling inflammatory
reaction around the lesion. Surgical resection is indication in presence
of progressive neurological deficit, extramedullary compressile cysts
and selected intramedullary cysts amenable to resection.
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