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1. Introduction

Cysticercosis is a disease closely related to poverty in general and in particular with a poor
personal hygiene and food, socio-cultural factors, environmental, education for health in the
community, and also very closely related to the hygienic and sanitary conditions of each
region. This is a preventable and an eradicable disease [1] that currently affects more than 50
million people in the entire world, of which 400 thousand live in Latin America [2] is
internationally accepted that the onset of epilepsy, intracranial hypertension or headache of
unknown cause in a person originating, visitor or in contact with another person from an
area where T solium is endemic suggests considering the diagnosis of NCC. The patient
affected by the NCC can remain asymptomatic for several months or years, and its diagnosis
can be confirmed by accident when a CT scan is carried out in search of another diagnosis.
[3,4] According to WHO figures confirmed by Roman and collaborators [5] around 50
thousand people die each year as a result of the NCC and the epilepsy secondary to the
NCC (ESNCCQ).

Taenia solium produces two different diseases: taeniasis (Te) and/or cysticercosis (CC). When
the parasite is an adult expels its mature proglotides and eggs with the stool to the
environment; the subsequent ingestion of these eggs of pork cause porcine cysticercosis
(PCC). When a person swallows raw pork meat or not well cooked and infected with
cysticerci (CT) then develops a new adult parasite. The human then becomes an accidental
intermediate host. These oncosphere (primary larvae) penetrate the intestinal mucosa and
enter the circulatory system. The Hematogenous spread of neural, muscular, and ocular
tissues occurs. Within these tissues, the oncosphere develop into secondary larvae (i.e., the
cysticerci).

© 2013 Foyaca Sibat et al., licensee InTech. This is an open access chapter distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits

) . unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
open science | open minds



114  Novel Aspects on Cysticercosis and Neurocysticercosis

When man eats the eggs of T. solium acquires CC which can be found in any tissue including
heart, liver, lungs, pancreas, spleen, kidneys, and peritoneal cavity among others. (See
Chapter 3) [6-32] As has been mentioned, the location of Ct (larval stage) in the CNS and the
eye (considering the retina as an extension of the CNS) is called NCC and is considered the
neurological disease more important of parasitic origin in man and the main cause of
epilepsy late onset. [33] In the brain NCC is located mainly at the level of gray substance
cortical or at the level of the union between the gray and white matter because it is the best
blood supplied area. [34] The CC is considered is a serious problem for public health in
several developing countries where social conditions, economic and cultural levels favor the
maintenance of this zoonotic disease and it is seen as a growing community problem in
those developed countries with a high rate of immigrants from endemic areas. WHO
includes the NCC between neglected diseases or forgotten that cause a significant impact on
the economy in several regions of the world. It affects 4% of the population in endemic areas
[35,36] where the personal and food hygiene habits and sometimes the religious tendencies
determine the incidence and prevalence of the disease, for example: Islamism. Islam was not
the first religion to prohibit the consumption of pork, before that Judaism made it perhaps
less severe restrictions; however some cases have been reported in the Jewish community in
New York. [37]

Due to globalization a growing number of uncontrolled migrants from endemic areas of
Latin America came to the USA every day therefore a significantly increasing number of
cases of NCC are gradually diagnosed in the country, especially in the southwest, including
Texas and California. [4, 6-8,33, 37, 38-41] It suffices to mention that a total of 1494 patients
with NCC were confirmed between 1980 and 2004 of which 66% suffered from epilepsy,
16% had an obstructive hydrocephalus and 15% headache due to intraparenchymal NCC
[IpNCC] (91%), intraventricular (6 %) or subarachnoid (2 %) either because travelled to
endemic areas, were of Hispanic origin or had any contact with carriers of the parasite. [42]
In Latin America has been described the existence of the NCC in 18 countries with an
estimated 350,000 patients infected by the complex TE/CC. In 2008, Pawlowski [43]
stipulated that in the world would have 2.5 million owning approximate mind of disabled
people of Taenia solium, at least 20 million with CC, which causes on average 50.000 deaths a
year. In his recent book, Hotez [2] reported that in the United States were confirmed
between one and two thousand cases of NCC each year and considering the growing Latino
population could have more than 41,000 Hispanics suffer from NCC in that country.
[2,43,44] Neurocysticercosis is also virtually endemic in certain countries in Europe such as
Romania, Poland and even Portugal. In Spain the growing strength of the migration of
individuals coming from endemic areas has conditioned an increase in the frequency of this
entity. [45]

Other less frequent locations of T solium in the CNS include: intra ventricular (Iv),
subarachnoid (Sa), medullary (Me), intraocular (Io) and intraspinal (Ip). Some authors
report a list of frequencies for these locations and some combinations among of them such
as: IpNCC (55.23 % ), IvNCC (15,69 %) % ), SaNCC (11.63 % ), MeNCC (3.4 % ), IoNCC (0.58
% ), IpNCC (0.09 %) and the frequency of different combinations in the following manner:
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Iv-Ip (6.98 % ), Sa-Ip (3.49 %) and Sa-Iv (2.32 %) reported by Amaral et al. [46] In a hospital-
based study conducted in Mexico is reported a rate of up to 8.6 cases of NCC per 100
hospitalized, and in the series of necrosis of up to 2 453 per 100 000 inhabitants and pointed
out that 43.3 % of the cases were asymptomatic [35, 47] and 80% were autopsy findings. [48]
Official statistics report an annual average of 500 cases of CC, with a national rate raw 0.6
per 100,000 inhabitants. [49-51] this report does not include the cases that were not attended
by professional health personnel or that were not included in the study for other reasons,
and does not include the extra-parenchymal presentations or even other modalities of CC. In
Brazil, the prevalence in autopsies varies from 0.12 to 9% and in a series of clinical cases it
varies from 0.03 to 7.5 %; in studies sero-epidemiological of 0.6 to 5.2 %. [52] In Colombia
there is not much information on the CC, only some work in the departments of Antioquia
and Santander that reported 1 to 2% of affectation to the population and 2% in Ecuador. [53,
54] On the other hand it has been estimated that 50 million people are infected by T solium in
the world, of which 350 thousand live in Latin America [55] especially in those countries
that do not have an adequate health infrastructure and proper health education program.
[56] The main risk factors associated with the CC are the presence of peoples infected by T
solium in the community with inadequate primary health care system, without proper health
education and personal and food hygiene and without a sustainable supply of safe and
clean water and where free-range pigs are able to ingest contaminated human feces [57-62]
and the use of infected feces as an agricultural fertilizer. [63] The NCC has become a public
health problem in different countries in Africa, Asia and Latin America [56, 64-68]

The orbits are two bony cavities occupied by the eyes and associated muscles, nerves, blood
vessels, fat, and much of the lacrimal apparatus. Each orbit is shaped like a pear or a four-
sided pyramid, with its apex situated posteriorly and its base anteriorly. The orbit is related
to its superior side to the anterior cranial fossa and usually to the frontal sinus, laterally to
the temporal fossa in (anterior) and to the middle cranial fossa (posterior), on its inferior
side of the maxillary sinus, and medially to the ethmoid bone and the anterior extent of the
sphenoid sinus.

Orbital cysticercosis is caused by the infestation of the larval form of the pork tapeworm
Taenia solium in the orbital cavity affecting the eyeball (ocular cysticercosis) or the extra
ocular structures found within the orbital cavity such as: extra ocular muscles, nerves,
ganglions, and fatty tissue. Orbital cysticercosis may cause significant visual loss, especially
if the cyst is located intraocularly or is compressing the optic nerve. [70]

Ocular cysticercosis may be extraocular (in the sub-conjunctival or orbital tissues) or
intraocular (in the vitreous, sub-retinal space, or anterior chamber). [70-72] Ocular
manifestations of cysticercosis vary from asymptomatic to painful blind eye and may be
associated with neurological symptoms such as headache, fits, diplopia, and restriction of
the ocular movements, nystagmus and papilloedema.

According to some authors the most common location of the Ocular CC is the sub retinal
region (35 %), followed by the vitreous cysticercosis (22 %), conjunctival cysticercosis (22 %),
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and anterior segment cysticercosis. (5 %) [73] While involvement of other regions (e.g.,
extraocular muscles, optic nerve) are relatively less common. [70]

Sub retinal cysticercosis (SrCC), vitreous cysticercosis (VCC) and anterior segment
cysticercosis (AsCC) are more common in India. While either eye may be affected, bilateral
involvement is rare [74] and multiple cysts may develop in the same eye. [75] Ocular
manifestations may be devastating as the cysticercus enlarges. The cysticercus may lead to
blindness in 3-5 years. [76] Decreased vision, pain, and recurrent redness of the involved eye
are common symptoms of intraocular cysticercosis. [70]

Some authors consider that intraocular cysticercosis is predominant in the Western
countries, whereas extraocular is more common in the Indian population attributed to
geographic and environmental factors. [77, 79] However, other affirm that intraocular
involvement is more common in India compared with Western countries. [78,] and
involvement of conjunctiva is most commonly reported in India [80-99], whereas
involvement of posterior segment of the eye is most commonly seen in Western countries.
[100-109] compared with conjunctival region but it also can be seen in India. [110-112]

Orbital cysticercosis should be suspected in patients who have lived in an endemic area and
who develop uveitis, leucocoria or Neuro-Ophthalmological signs, also in the presence of
sub conjunctival cysts or lids nodules. Cysts deep within the orbit are best treated
conservatively with a 4-week regimen of oral albendazole (15 mg/kg/d) in conjunction with
oral steroids (1.5 mg/kg/d) in a tapering dose over a 1-month period. Treatment may
increase inflammation as the cyst involutes, leading to worsening clinical status. Thus,
concomitant administration of corticosteroids is recommended to avert an inflammatory
response. [113,114]

In 2010, Rath et al.,, Studied 93 patients presenting orbital cysticercosis with mean age of 13
years and they concluded that orbital cysticercosis is a common clinical condition in the
developing world which typically affects young individuals and has a wide spectrum of
clinical manifestations; B-scan ultrasonography and computed tomography scan are useful
in confirming the diagnosis and despite resolution of cysticercosis with medical
management, a significant proportion of patients may have residual functional deficits. [77,
115,116]

1.1. Is orbital metastasis another challenger for differential diagnosis?

It may be, therefore our readership should remember that renal cell carcinoma (RCC) is a
tumor of middle-aged men that metastasizes to the lung, liver, and bone. When this tumor
spreads to the orbit, the orbital metastasis is likely to be the first indication of the cancer and
up to 1993 only a few cases were reported. [117] In 1994, Schmidt et al [118] reported a 69
years-old-male patient with similar condition. Konya et al [119] reported two cases: a 44 and
59-years-old- male patients with proptosis and a tongue tumor due to RCC. Another patient
was: 39-year-old black man with sickle cell trait, presented with a rapidly progressive
painful proptosis of the left eye due to metastasis from renal medullary carcinoma. [120]
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Most of patient reported at that time were from non-endemic areas for cysticercosis, this
information was very important in the diagnostic process but at the present moment
cysticercosis can be found in almost all countries. The next report came from India. It was a
69-year-old male who presented with pulsatile proptosis owing to metastasis of an
asymptomatic renal cell carcinoma [121] this case was an example of the great challenger.
In 2007, another three patients: two males of 67 and 58 years old males and a 23-years-old-
female from India presenting iris mass, orbital metastasis were reported. [122] At this
time, a total of 71 patients was reported in the international medical literature. This report
suggested that patients presenting with atypical orbital or ocular masses, the possibility of
renal cell carcinoma metastasis should be considered, especially if there is a history of
previous renal disorder. Incisional biopsy with histopathological evaluation may be an
important means to diagnose this condition and facilitate appropriate therapy. Other
author reported similar findings. [123-126] Based on this review of the medical literature
we can conclude that differential diagnosis between orbital metastasis and orbital
cysticercosis it is not difficult considering that only three patients presenting proptosis of
the eyes as the first clinical manifestation of RCC have been reported to the medical
literature. [125]

Patients with hepatic cell carcinoma presenting primary symptoms of metastatic disease are
rare and the retro-orbital mass as the initial manifestation of disease is also very uncommon
as well. [127] Nevertheless, this an uncommon pathological disorder can also affect
intracranial structures mainly in elderly patients or presenting as rapid onset of proptosis
and visual loss (only three patients reported), or painful proptosis as the most common
clinical sign of hepatocellular carcinoma metastatic to the orbit (ten patients reported). [128-
132] In conclusion, hepatocellular carcinoma is a rare source of metastasis to the orbit, and
only 14 histopathologically proven cases have been reported in the international medical
literature. Proptosis is the most common presenting feature in the reviewed reports and a
majority of patients have occult primary tumors at presentation and the diagnosis of the
orbital mass is based on histopathology. [131]

The age of the patients, clinical features of the orbital lesion, presence of other metastatic
lesions, epidemiological features of cysticercosis, CT scans, and ultrasonographic studies are
elements that allow you to make a certain diagnosis.

In the previous chapter we reviewed some aspects on orbital cysticercosis according to their
different locations within and outside of the eyeball without exceeding the limits of orbit,
mainly those clinical features of the ocular cysticercosis associated with damage of other
organs as part of the disseminated cysticercosis at the same time.

2. Vitreous cysticercosis and anterior chamber cysticercosis

2.1. Intraocular cysticercosis

It may be asymptomatic in the early stages. As the parasite grows, it causes a painless,
progressive loss of vision related to the area of location.
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Patients’ complaints about an intermittent roundish, dark mobile mass (intravitreal location)
or may experience visual field defects (sub retinal or CNS location).

Intraocular lesions caused by cysticercosis most commonly occur in the vitreous or
subretinal space, but subchoroidal, sub hyaliod, and into the anterior chamber, also occur.
[133-138] Lens involvement also can occur but it is extremely rare. (139)

A cyst in the anterior chamber can be manifested as an acute anterior uveitis, sometimes is
so severe that is difficult to differentiate a cyst from a dislocated lens and always there is a
cataract formation. The parasite can be seen moving freely into the cavity. (See figure 1)

When the parasite is freely mobile it may contribute to the absence of reaction in the anterior
chamber. The portal of entry of the parasite into the anterior chamber has not been well
documented although some author refers that the cyst may enter the anterior chamber either
from the posterior ciliary arteries or from the angle. [154].

Figure 1. Anterior chamber cysticercosis with freely mobile cysticercus into the aqueous humor.

In the posterior segment, parasites gain access presumably through the posterior ciliary
arteries. From this location, they usually pass through a rent in the retina into the vitreous.
In rare cases the parasite may pass from the vitreous, through the pupil, into the anterior
chamber. Infestation of the ocular adnexa is probably through the anterior ciliary arteries.
[101-134,140]

The intraocular location of the cyst can cause retinal detachment, macular scarring, retinal
vasculitis and vitritis [141] and usually affects young patients unilaterally. The cyst may be
in either the vitreous cavity or the sub retinal space, and visual acuity at presentation is
often poor. [142]

Most patients presenting intraocular cysticercosis can tolerate it well while the cysticercus is
alive, however when the parasite dies, there is a marked inflammatory response to toxic
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products released from the cyst, and the patient presents a blind painful eye. [136,142.143].
Only a few cases about cysticercosis resulting in glaucoma due to pupillary block have been
reported. [72]

2.2, Intravitreal cysticercosis

It can be recognized through clear media, the translucent cyst with a dense white spot
formed by the invaginated scolex and the undulating movements are typical. We can see the
scolex returning rapidly to the cyst when exposed to the ophthalmoscope or slit lamp light.
[144,145] The frequency of different location of intraocular cysticercosis can be seen in the
figure below.

4. Anterior segment: 5% (Western)

Anterior chamber
(aqueous humour)

Orbital 0-2.8%
(Western).
11-%xx%
(India)

Vitreous
humour

2. Subretinal:35%
Western)

T —Hyraloid
canal

3. Vitreous:

22-93.4%
1. Subconjuctival: -(m
¥ Coutries)
Bl MR 26.3% (India
26.3% (India)
5.5-31.6% (Western) 2

Figure 2. Frequency of intraocular cysticercosis in Western countries and India

After migration into the vitreous, a chorioretinal scar may develop in this area.
Laboratory tests:

Diagnostic paracentesis of the anterior chamber cysticercosis can show more than 50% of
leukocytes in the aqueous humor with eosinophils . ELISA IgG serology test for cysticercosis
and Western blot contribute to confirm the diagnosis although some cross reaction can be
found in patients presenting Diphyllobothriosis, Taeniasis, Cysticercosis, Echinococcosis
(Hydatidosis), Coenuriosis or Sparganosis.

Stool samples:
May not show any proglottids or eggs of T. solium.
Blood tests:

Are of limited value in diagnosing intraocular cysticercosis. FBC, serum chemistries and
ESR may all be normal; eosinophilia is uncommon.
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EITB (enzyme-linked immuno-electro transfer blot assay) has been shown to have greater
than 98% sensitivity and specificity in patients with systemic disease, and can be completed
with the determination of circulating antibody and antigen in the aqueous humor.

In ocular cysticercosis, serologic tests are helpful if positive, but false-negative tests may be
reported, and their negativity does not rule out the disease. [143,146]

Imagenology

Fluorescein Angiography is useful in delineating the sub-retinal cyst located in the
periphery of the retina. Plain X-rays of soft tissue or skull often reveal calcified cysticerci.
The enhanced CT scan is valuable for identifying and following the evolution of orbital
cysticercosis, which may appear as solid, cystic or calcified nodules.

MRI provides detailed images of living and degenerating cysticerci. [141]

Ultrasonography is an effective and economical alternative to MRI and CT for the detection
of the intra-ocular cysticerci. It is a real time, dynamic examination, also allows direct
visualization of the movements of the parasite when it is intraocular. U/S is effective for the
detection of the cysts in the orbit and muscles too.

A cysticercus cyst with the scolex attached to the inner wall composes the “hanging drop
sign.” This sign was seen in cases studied using simultaneous A-and B-scan
ultrasonography. This appearance was consistent and reproducible, regardless of whether
the cyst was intraocular or extraocular in location. Serial B-scan ocular ultrasonography or
CT scans of the orbit helps to follow the resolution of the cyst, which is recognized by the
disappearance of the scolex. [15]

Optical Coherence Tomography (OCT) exam is seen as hyporeflective area due to the
presence of fluid in the cyst cavity. Sometimes the height of the cyst obscured the
visualization of the scolex. In children, intraocular cysticercosis can simulate retinoblastoma
mainly in the inflammatory response.

Therapeutic aspects

Medical treatment for intraocular cysticercosis is not advisable while that Albendazole or
Praziquantel (PZQ), in conjunction with corticosteroids can be used for extraocular
presentations with very good results.

Surgical treatment is used to remove the cysts from the adnexa, anterior and posterior
segment. Removal of the cyst is mandatory to remove the source of the toxins causing
inflammation and early removal has been advocated by many authors. [144,147] Reviews of
treated cases suggest that early removal of the organism is associated with preservation of
visual function. [137] If possible, ocular cysts should be removed before systemic treatment
is undertaken to prevent damage from the dying process of the parasite. Freely mobile live
cysticercus in the anterior chamber associated to NCC in patients complete asymptomatic
has been reported in the medical literature. [148] or may be attached by inflammatory
membranes to surrounding structures, such as the cornea, lens capsule, or iris. [149] In
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general these cysts are around 2x2 mm in size, grayish-white in color and are freely mobile
(See figure 2), changing its shape by protruding and retracting its scolex from and into the
cyst cavity; sometimes the parasite is not neither attached to the iris, cornea or other intra-
ocular anatomical structure and usually there are not an associated conjunctival or ciliary
congestion and not abnormalities of the retina, macula vitreous or optic disc with
preservation of the visual acuity but it can be associated with iridocyclitis [150-152] and
secondary glaucoma [153] and as a rule the parasite is attached to the iris and only
occasionally to the corneal endothelium or lens capsule.

Figure 3. Intravitreous cysticercus moving freely

2.3. Ocular cysticercosis in South Africa

Some author reported a frequency of ocular involvement in cysticercosis around 13 to 46%
[155,156] and its associated intraocular inflammation may also cause cataract formation [154]
and iris atrophy. We found some differences and similarities compared with South African’s
patients that we will comment below.

Most of studies done in India and Western countries confirmed that orbital cysticercosis
with ocular involvement is an uncommon pathological process that may cause severe
damage of the eyes and an important involvement of the visual acuity. [80-84, 93, 142, 150,
156-158] The pathogenesis of ocular injury due to an intense inflammatory reaction
secondary to intravitreous cysticercosis has been documented throughout an experimental
animal model for intravitreous cysticercosis using New Zealand rabbits and Taenia
crassiceps cysticerci since 1996. [159]

In 1964, Proctor [160] estimated a 1% incidence in South Africa of infestation by tapeworm
cysts in 7 597 autopsies. Pammenter and Rossouw in 1984, [161] reported the results of
serological tests in 79 patients with systemic cysticercosis in South Africa, from this study
they confirmed that in isolated ocular cysticercosis serological tests are usually negative:
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45,5% ELISA positive, the indirect haemagglutination test 33,3% positive, and the
fluorescent antibody test 48,9% positive. Almost always these tests were positive in cases of
systemic cysticercosis in our region. This experience was confirmed also by other. [162, 164].

In 1987, Welsh et al [106] studied thirteen cases of ocular cysticercosis at King Edward VIII
Hospital over an 8-year period from 1976 to 1984. All patients came from rural areas, a
reflection on the low standards of hygiene. At that time, adolescent females ingested
tapeworm eggs for slimming purposes, but none of this report was under that category.
From their review of the medical literature they found that up to 1952, 1 216 cases of ocular
cysticercosis were reported and when studied their patients most of them were occasional
and came to South Africa from India. Of the 13 patients with ocular cysts nine were found in
the vitreous, three in the anterior chamber and one under the conjunctiva of the eye. The
majority of patients were female and all were Zulus living in areas of KwaZulu Natal, most
of them complained of loss of vision for an average of 3 months. The only exception was one
patient with the sub-conjunctival cyst who had waited 2 years before seeking treatment,
since the lump had not affected his vision. Today all types of cysticercosis in KwaZulu Natal
practically disappeared and patients with cysticercosis can be seen only at the former
Transkei or another province but emigrated from this region (currently region C and D) of
the Eastern Cape Province which does not mean that cysticercosis is going to disappear in
the next decade how we explained in the previous chapter.

All patients from Welsh” series [107] presenting vitreous cysticercosis complained of severe
loss of vision, and there was always a marked vitreoretinal reaction and the patients with
cysts in the anterior chamber showed severe anterior chamber reactions with anterior
uveitis. The vision was reduced in all patients to where hand movements could not be seen
or to perception of light being absent or to complete blindness, except for the patient with
the subconjunctival cyst . In this series of patients because of the severity of the lesions,
surgical removal, although partly successful, did not improve vision and the distribution of
the cysts in the various structures of the eye was similar to cases reported in the literature.
We would like to highlight that around 70’s and 80’s years several cases presenting bilateral
involvement of the eyes and/or multifocal intra-ocular cysts were most commonly seen.
[74,104,107,164,165]

Medical treatment for intraocular cysticercosis is not recommended based on South
African’s experiences with praziquantel (isquinoline pyrazine) [106] and another report
from the same period of time. [166] Surgical removal is strongly recommended as the best
treatment because complications associated with the cyst were minimal. Removal of
vitreous cysts by pars plana vitrectomy is the method of choice. [110,167]

Removal of a cyst from the anterior chamber is relatively simple excepting cases pre-existing
vitreoretinal-uveal reaction. [110, 168] The treatment of anterior chamber cysticercosis is
essentially surgical. The different modalities used to remove the cyst include paracentesis,
extraction with capsule forceps, cryo-extraction, diathermia, and viscoexpression. [78,
110,136, 168, 169]
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In individuals with uveitis, the perioperative corticosteroid administration is recommended.
Although surgical excision of orbital cysts was considered the ideal treatment modality,
deep orbital dissection and difficulty in completely excising the cyst because of the
surrounding inflammatory response, increase the chances of postoperative complications
(e.g., decreased vision, diplopia). [110, 169]

Destruction of the larvae in situ of photocoagulation [170] cryotherapy, and diathermy has
been attempted with some success. However, as intraocular cysticercosis may lead to severe
inflammation following larval death, early surgical removal of the cyst is the treatment of
choice. [137]

In years the 70s and 80s systemic cysticercosis was very common in rural areas of South
Africa but ocular cysticercosis was not associated with any other systemic features and CT
suggested that some patients with ocular cysticercosis had neurocysticercosis as well,
although none was reported with accompanying systemic physical signs or symptoms. All
patients had severe reactions to the cyst, whereas in the majority of reported cases there was
a little ocular reaction. [107]

The treatment of anterior chamber cysticercosis is essentially surgical. The different
modalities used to remove the cyst include paracentesis, extraction with capsule forceps,
cryo-extraction, erysiphake extraction, and viscoexpression. [15,78] Viscoexpression allows
removal of an intact cyst through a small limbal incision. In the treatment of intraocular
cysticercosis, the most common surgical approach is removal through the pars plana route
following vitrectomy. [168] Sub retinal cyst anterior to the equator may be removed trans-
sclerally, whereas sub retinal cysts posterior to the equator and intravitreal cysts are best
removed trans-vitreally. [137] Ideally, the cyst should be removed in toto. Complete surgical
removal of the intact cyst results in good functional recovery in eyes with intraocular
cysticercosis. [110, 136,137, 167]

3. Subretinal cysticercosis and optic nerve neurocysticercosis
3.1. Subretinal cysticercosis

The macular region is the site of choice for the subretinal cysticercus to lodge, maybe
because of the high vascularization of this area but it can be seen in another subretinal area
as well. In early stages, subretinal cysticercosis can appear as an acute central retinitis with
retinal edema and subretinal exudates. The subretinal organism eventually develops into a
cyst and the parasite and its movements can be recognized through the thin muscular
layers. The observation of the cyst is more difficult when it is located in the periphery of the
retina because scleral depression has to be used and the movements of the parasite cannot
be observed clearly. (See figure 4 and 5)

Reportedly 35% of the cysts are in the subretinal space, 22% in the vitreous, 22% in the
subconjunctival space, 5% in the anterior segment and 1% in the orbit. Among the
intraocular cysts, 60% are found intravitreally and 40% are subretinal. [137,153]
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When the parasite dies, an intraocular inflammation develops. Signs of acute anterior uveitis
are present and severe opacification of the vitreous is observed. There are reports of dead
and degenerating cysticerci causing a severe inflammatory reaction and ultimately loss of
the eye. The cysts are known to release toxic products that cause severe inflammation
mimicking endophthalmitis and even intraocular tumor. [171] The differential diagnosis
with other parasitic infections and tumors has to be done. [144, 172, 173]

Figure 5. Another view of subretinal cysticercosis seen by fundoscopy (left & center) and picture of the
fundus after surgical treatment on the right.
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Seems to be that the viable cysts can evoke less inflammatory response, [170] while the
degenerating cyst rapidly increases in size due to osmotic regulation and causes
compression of the surrounding tissues and release of antigens into the surrounding tissue
inducing inflammatory response. [106, 156,170, 173]

After the pars plana vitrectomy approach for removal of intravitreal cysts has developed,
the prognosis of these eyes has improved. Another technique in conjunction with endolaser,
diathermy, cryocoagulation, photocoagulation, and internal tamponade according to the
retinal damage had been advocated for the treatment of cysticercosis. However, these
methods will give rise to severe intraocular inflammation due to the toxins released from
the dead larval tissues.

[137, 172, 174, 175] If the cyst is ruptured, care should be taken to remove all of the residual
debris to prevent severe postoperative inflammation. Without treatment for intraocular
parasites, the eyes go to the blindness in a short period of time.

Some report confirmed that the cyst usually presents in the sub-retinal space or vitreous
cavity, where it can be observed ophthalmoscopically. The site of entry into the eye is most
probably the choroidal vasculature from here the parasite can shift its location from sub-
retinal space into the vitreous through a retinal break which could seal spontaneously, this
passage incites inflammation, leaving behind a chorioretinal scar or even moves from
anterior to posterior chamber and vice versa. [106,176-1978]

At this point, is good to remember what we explained before about cysts moving freely in
the posterior chamber: apart from uveitis cysticercus may also lead to retinal hemorrhages,
proliferative vitreoretinopathy, retinal detachment, disc edema, cyclitic membrane
formation, and phthisis. [177,178]

In places where specialized retinal services are not available, external approach for the
removal of sub retinal cyst is used. One of us (MCSC) has been used this surgical technique
in places where other surgical approaches cannot be applied.

3.2. Approach to subretinal cyst removal using a conventional surgery technique

The conventional serial approach is a well-established surgical procedure for the treatment
of subretinal cysts. This technique was the only one performed for many years to remove
intraocular cysticercus (See figure 6) until advanced modern and easy methods were
developed as the pars plana vitrectomy and internal tamponades.

The conventional method is more time consuming but it can be done in places where other
facilities are not available.

Number one priority is localizing the cyst by indirect ophthalmoscopy at the pre-operatory
stage and then to proceed as follows:

1. To retract the lids using a wire lid retractor or sutures.
2. To perform a limbal peritomy by grasping the conjunctiva and Tenon's capsule at the
level of the limbus with a toothed forceps and with a conjunctival scissors. The
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extension varies according to the size of the cyst. Radial relaxing incisions is made
through the conjunctiva and Tenon's capsule in oblique meridians to prevent tearing of
the conjunctiva during the surgery and avoid further complications as a symblepharon
formation.

Scleral exposure has taken care to avoid damage of the vortex veins.

Isolated two or three rectus muscles according to the place the surgeon is going to do
the scleral incision. Here is important to highlight do not cut the muscle belly to avoid

bleeding. Using a muscle hook passed underside and 4-0 silk suture is passed around
the muscle to do the fixation.

Figure 6. External approach to subretinal cysticercosis.

5.

10.

Localization of the subretinal cyst is done again with the indirect ophthalmoscope and
the assistant help to mark the limits on the sclera where the incision will be made. These
marks can be done with the use of the diathermy or with a surgical pen.

The Scleral incision has to be made at right angles to the surface of the sclera to
maintain a uniform depth of the undermining. The incision should extend more than
two thirds of the scleral thickness to have a floor for the placement of the diathermy
treatment to avoid bleeding trans operators

4-0 or 5-0 polyester sutures with spatulated needle to close the scleral flap are used. The
sutures are placed 2mm apart in a radial fashion and approximately 1.5 mm from the
edge of the scleral flap. Two or three mattress sutures are placed in each quadrant. If the
incision is bigger than a single quadrant with 2 sutures in each one is enough. The
sutures cannot be placed under the muscles.

The scleral lamina is perforated and the cyst is expressed out through a choroidal
incision.

Sometimes more diathermy is necessary

Scleral sutures are closed, suture of the muscles release and closure of the Tenon's and
the conjunctiva with Vicryl is done.
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11. In case the cyst burst during the extraction a thorough irrigation has to be done.

Subretinal cyst anterior to the equator may be removed trans sclerally, whereas
subretinal cysts posterior to the equator and intravitreal cysts are best removed
transvitreally. [112]

Under conventional surgical procedures by sclerotomy exactly over the subretinal cyst
localized by scleral depression under indirect ophthalmoscopy, other authors also obtained
successful surgical removal of subretinal cysticerci including patients with an associated
exudative retina detachment with extensive gliosis, fixed folds, focal retinitis, and multiple
subretinal precipitates specially near to the cyst but fatal results in patients presenting
multifocal intraocular cysticercosis and severe NCC (even in the non-pork eaters) is
obtained. [178]

In the treatment of intraocular cysticercosis, the most common surgical approach is removal
through the pars plana route following vitrectomy. Ideally, the cyst should be removed in
toto. Complete surgical removal of the intact cyst results in good functional recovery in eyes
with intraocular cysticercosis. [29] Systemic corticosteroids are used before and after
surgical removal of the cysticercus.

Patnaik and Kalsi [178] also reported a progressive pre-retinal gliosis with the passage of
time with the evagination of the scolex against the retina, the latter is perforated, often in
more than one point. They comment that the cyst through one of these perforations can
escape into the vitreous cavity and the detached retina continues to shrink with increasing
gliosis and vitreous becomes progressively hazy which becomes totally impenetrable with
massive exudation then the parasite cannot be located. It may be presumed that the sudden
advent of massive inflammation is associated with rupture of the cyst or death of the
parasite. The eye is lost with massive inflammation. Even the successful removal of the
subretinal cyst if not conducted early enough may not prevent the progressive deterioration
of the retina and vitreous probably because of continued inflammation. The same results
were reported by others. [178-182]

3.3. Optic nerve neurocysticercosis
The cysticercosis does not affect the spinal nerves or cranial nerves.

The optic (second cranial) nerve is the nerve of sight, and it extends from the eye to the optic
chiasm. Developmentally, it may be considered as a tract between the retina (a derivative of
the brain) and the brain. The nerve fibers, which arise in the retina, converge on the optic
disc, pierce the layers of the eye, and receive myelin sheaths. The optic nerve, itself, is
surrounded by meningeal sheaths continuous with those of the brain, and also by the
subarachnoid space. As is known the optic nerve originates from the axonal extensions of
the ganglion cells of the retina which is an extension of the central nervous system.
Therefore this type of presentation of cysticercosis should be grouped within the category of
Neurocysticercosis. (NCC)
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Although other zoonotic parasites (Trematode) have been found in the layers of the retina at
longitudinal position [183] the size and shape of cysticercus exceed the thickness of the
retina so that its location is below it, and in close relation to the vascular layer of which is
nourished. For certain reasons when the larva is leaving the subretinal region only has the
option to do so toward the vitreous cavity because the resistance given by the sclera to be
crossed.

The NCC of the optic nerve is extremely uncommon and until today no more than 10
patients have been well documented. [184-200]

As we discussed in the previous chapter orbital cysticercosis as a presentation of
disseminating cysticercosis has not been reported in the medical literature excepting one
anecdotal case [194]. The first well documented patient presenting optic nerve cysticercosis
was from India (1991). Other authors [185] reported a 15-years-old female with progressive
deterioration of her visual acuity of seven months duration. Her CT scan revealed a right
retrobulbar optic nerve thickened with small area of low attenuation in the thickened
portion of the optic nerve. A diagnosis of optic nerve glioma or granulomas was considered
and a right frontal craniotomy and extradural frontal orbitomy was performed, they found
an intense fibrosis and or deeper incision a sago grain like cyst was identified and excised.
Histopathology revealed it to be a cysticercosis. Postoperatively the patient’s vision full was
completely recovered but there was an oculomotor nerve paresis. Similar patient was not
described previously. Five years later, Bousquest et al [186] reported a first case of intraoptic
neurocysticercosis in a 12-year-old boy living on Reunion Island (France). They also initially
considered a diagnosis of optic nerve tumor and later computerized tomography scans and
surgical aspects confirmed a diagnosis of retrobulbar optic nerve cysticercosis
recommending a conservative removal using en bloc orbitotomy because of good functional
and aesthetic results. Despite a first case was reported before we would like to highlight that
Bousquest [186] was the first to use the correct terminology for cysticercosis involving the
optic nerve such as: Intraoptic neurocysticercosis.

Other anecdotic report about the occurrence of optic neuritis following oral albendazol
therapy for orbital cysticercosis was done in 1998 [187] but this one served to highlight the
importance of adding a steroid medication to Albendazole in the treatment of all cases of
orbital cysticercosis mainly when cysts are in close proximity to the optic nerve. They
confirmed a full visual recovery after resolution of optic neuritis after four weeks treatment
with Prednisolone at the dose of 1mg/kg per day.

Another 15-years-old-female presenting cysticercosis of the optic nerve is reported by Gurha
et al [188] This patient presented with rapidly diminishing vision in the left eye, headache
and papillitis. A magnetic resonance imaging revealed a cystic lesion at the entrance of the
optic canal. Surgery performed was a transcranial orbitotomy which included deroofing of
the optic canal and removal of the cyst from under the sheath of the optic nerve and the
outcome was a remarkable visual recovery. At the same time a 15-year-old boy presented
with diminution of vision which rapidly progressed to no perception of light. In the ocular
fundus, a neuroretinitis-like picture was seen. On CT-scan and ultrasonography, an optic
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nerve swelling was detected with a shadow of scolex. Abnormal P-100 values of visual
evoked potential can be useful for supporting a differential diagnosis.

This condition is often mistaken for optic nerve tumors and on neuroimaging the diagnosis
is often delayed or missed. [197] However, imagenology studies based on contrast-enhanced
MR imaging study and contrast-enhanced CT usually reveals a ring-enhancing cyst with a
mural nodule located in the optic nerve although sometimes it only shows a thickened of the
optic nerve with or without ring-enhancing lesion containing an eccentric nodule. [190,193,
197, 198] Ultrasonography can also help to determine the cause of optic neuritis due to the
disorganization of the cyst with inflammation of the adjacent optic nerve. [187, 191, 193, 195,
197-201] and these investigations are useful to confirm: response to the treatment and
patient’s compliance. Other investigation to support the diagnostic process is an enzyme-
linked immunosorbent assay test for cysticercosis. [190, 193, 195, 196]

Medical therapy in the form of steroids along with albendazol was ineffective. Surgical
removal by lateral orbitotomy was done and a complete cyst with scolex was removed,
which was confirmed histopathologically as a case of retrobulbar optic nerve cysticercosis.
[189] Next patient, a 50-year-old woman with atypical optic neuritis was also treated with
oral prednisolone and albendazole, with no improvement in vision [190] While other
patients presenting optic nerve cysticercosis including bilateral optic nerve involvement
improved dramatically with prednisone and albendazole. [191, 193,195]

4. Conjunctival cysticercosis

Ocular and extraocular cysticercosis are a commonly encountered manifestation of the
disease caused by the cysticercus cellulosae. Any region of the eye may be afflicted
including the subconjunctival space. The conjunctiva is a connection between the eyelids,
sclera and cornea. It is the mucous membrane that lines the posterior surface of the eyelids
(palpebral conjunctiva) and the anterior aspect of the globe (bulbar conjunctiva).

The host inflammatory response to cysticerci located into the conjunctival depends on the
parasite's ability to evade host immunity; therefore, inflammation is restricted to
degenerating cysts whose ability to evade host defenses is faltering. Lack of inflammation
occurs with both healthy cysticerci (vesicular stage) and those that have involuted (inactive
disease). Upon involution, cysts undergo granulomatous change and exhibit calcification.
[70] It almost never happens in the conjunctiva region. Subconjunctival cysticercosis usually
presents as a painful, yellowish, nodular subconjunctival mass with surrounding
conjunctival congestion or may even present as an eyelid nodule or even as subconjuctival
abscess from orbital myocysticercosis. [202] Patients presenting lacrimal canalicular
obstruction have been reported as well. [85, 97]

The most common outcome is the spontaneous extrusion of the T solium cysticercus. [90-92,
94-96,98, 203] sometimes they got extruded from the orbit or from subconjunctival space but
almost always associated with clinical improvement. [90]
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Anterior subconjunctival cysts may be treated with excision biopsy .As the cyst is usually
adherent to the adjacent muscle, excision may be difficult. Care must be taken to keep the
extraocular muscle intact during dissection because an excessive intraoperative dissection of
the sub conjunctival cyst may damage the extraocular muscle fibers, leading to
postoperative diplopia and strabismus. [89, 99]

5. Extraocular muscle cysticercosis

Extraocular muscles differ histologically from most other skeletal muscles in that they are
made up of two different types of muscle cells. Each muscle cell is composed of groups of
myofibrils called sarcomeres. Fast-twitch muscle fibrils generate fast eye movements and are
composed of well-defined myofibrils with well-developed sarcomeres while slow-twitch
muscle fibrils generate slow or tonic eye movements and are composed of poorly defined
myofibrils with poorly developed sarcomeres. Cholinergic motor neurons supply both types
of muscle fibers. The innervation to fast-twitch fibrils is thick and heavily myelinated, with a
single (en plaque) neuromuscular junction, whereas the innervation to slow-twitch fibrils is
thin, with multiple grapelike clusters of neuromuscular junctions. [204] The eye's major
blood supply comes from the ophthalmic artery. The lateral muscular branch of the
ophthalmic artery supplies the lateral rectus, superior rectus, and superior oblique muscles.
The medial muscular branch supplies the inferior rectus, medial rectus, and inferior oblique
muscles. Medial and lateral muscular branches of the artery give rise to seven anterior ciliary
vessels, which travel with the four rectus muscles to provide circulation for the anterior
segment of the eye. Each rectus muscle has two anterior ciliary vessels, except for the lateral
rectus muscle, which has 1 vessel. These vessels pass anteriorly to the episclera and supply the
anterior segment of the eye, including the sclera, limbus, and conjunctiva. [204]

The extraocular muscles rotate the eyeball around vertical, horizontal and antero-posterior
axes. Extraocular muscles other than the medial rectus and lateral rectus have more than one
action due to the angle they make with the optical axis of the eye while inserting into the
eyeball. The superior and inferior oblique muscles make an angle of 51 degrees with the
optical axis.

As we before-cited, orbital cysticercosis is an uncommon presentation of cysticercosis even
in endemic countries. In some South African provinces where it was seen before, it does
exist at the present moment, and infestation of extraocular muscle remains exceedingly rare;
but because of the versatility of the presentation, cysticercosis still should be considered in
the differential diagnosis of many orbital disorders, especially in an endemic region and
extraocular muscle cysticercosis should be considered in the differential diagnosis of recent
acquired motility disorder or proptosis. According to several publications in the
international medical literature and based on our experience we fully support that
cysticercosis is a pleomorphic disorder whose presentation depends on a combination of
inflammatory response, topography of the lesions, degree of parasitic load and sequelae of
previous infestation as was established by others as well. [78, 205-208]
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The rectus muscles are all approximately 40 mm long and each receives innervation from
the undersurface (intraconal space) at the junction of the middle and posterior thirds of the
muscle or 26 mm from the insertion

To achieve a better understanding of this variant of solium tapeworm infestation of the
extraocular muscles, we have decided to merge the contents of sub chapter in accordance to
the affected muscles after committing a first attention to the more important type of
presentation: the proptosis.

Before continue, our readership should remember that other causes of thickening of the
extraocular muscle such as: fatty infiltration of the muscle can also cause a bulging of the
eye anteriorly out of the orbit (Graves-Basedow disease) but in those cases we prefer the
medical term: exophthalmos. In other words, we reserve the medical terminology of
exophthalmos for those cases of protrusion of the eyes related to endocrine dysfunction.

One of the primary symptoms of extraocular cysticercosis is double vision (diplopia) from
misalignment of the visual axes, and the pattern of image separation is the key to
diagnosing which particular cranial nerve (and extraocular muscle) is involved. Therefore,
at this stage is important to know how to approach these patients. Our first
recommendation is to break down between monocular (i.e. present with one eye closed) and
binocular diplopia (far more common). For causes of monocular diplopia is important to
check the ophthalmological function mainly. If binocular diplopia is present then is
important to look for: variations on the quality of diplopia through the day (myasthenia
gravis), associated endocrinopathy (Graves-Basedow disease), orbital fracture (most likely
to cause inferior oblique palsy), orbital tumours, gaze palsy (progressive supranuclear palsy,
brainstem disorders, Wernicke’s, Miller-Fisher, cavernous sinus syndrome, etc.). If your
patient complains of diplopia on looking in one diagonal direction, it is either the same-
sided and oriented rectus muscle or the other-sided oppositely-oriented oblique muscle;
e.g. diplopia on looking up and right, it is either right superior rectus or left inferior
oblique. If your patient complaints of diplopia on looking down and left is either left
inferior rectus or right superior oblique. Finally, if you cover up an eye when the patient
is complaining of diplopia, the eye that, when covered, takes away the most peripheral
image is the problem.

5.1. Proptosis of the eyes secondary to cysticercosis

We use the medical terminology of proptosis when there is a protrusion of one or both
eyeballs by at least two millimeters but less than 18 mm, which can be congenital, familial,
or due to a pathological condition not secondary to endocrinopathies.

Apart from extraocular cysticercosis as a cause of proptosis other etiologies include:
leukemias, orbital cellulitis, meningioma of the sphenoid wing, dacryoadenitis,
mucormycosis, dermoid, orbital fracture of the apex, floor, medial wall or zygomatic bone,
Duane syndrome, cavernous sinus syndrome, congenital glaucoma, nasopharyngeal
angiofibroma, Hand-Schuller-Christian disease, hemangioma, high altitude cerebral edema
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(proptosis), Beckwith-Wiedemann syndrome, aortic incompetence: manifests as a pulsatile
pseudo proptosis, Wegener's granulomatosis and Pfeiffer syndrome.

Proptosis due to cysticercosis has been reported also in children, usually presenting
progressive painful protrusion of the eye with redness, lacrimination and diminution of
vision [206] but it is an uncommon cause of proptosis in all age groups with reported
incidence varying from 0 to 20%, [208-213] some authors say that the commonest cause of
proptosis is medial rectus cysticercosis [208] and the frequency of proptosis among other
signs of orbital cysticercosis is around 20-30% preceded by ocular motility restriction (60-
64%) and followed by diplopia (35-38%) and palpebral ptosis (12-16%). [77]

5.2. Levator palpebrae superioris muscle cysticercosis and palpebral ptosis

The Levator palpebrae superioris originates on the lesser wing of the sphenoid bone, just
above the optic foramen. It broadens and becomes the Levator aponeurosis. This portion
inserts on the skin of the upper eyelid, as well as the superior tarsal plate. It is a skeletal
muscle. The superior tarsal muscle, a smooth muscle, is attached to the levator palpebrae
superioris, and inserts on the superior tarsal plate as well. (See figure 7)

Levator palpebrae superioris muscle
(Lateral view)

.....

Oplic nerve — -~ =

— Swuperior {arsus

,;_ Cornea

Fascia bulbi—;

— I ferior tarsus

Figure 7. Representation of cysticercosis in the Levator palpebrae superioris.

It is well known that cysticercosis of the extraocular musculature is rare and within this
group the affectation of the eyelid is about 0.6% [77] despite the number of patients reported
in the medical literature. [214-217] The Levator palpebrae superioris muscle cysticercosis
presenting clinically as ptosis is much more uncommon than other affected extraocular
muscles. [218, 219]

Cysticercosis of the Levator palpebrae superioris, superior rectus, eyelid or anterior orbit are
important differential diagnoses for acquiring ptosis. [219] Features suggestive of Levator
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palpebrae superioris myocysticercosis include a young patient from an endemic region with
a suggestive exposure history, proptosis, mild lid edema or erythema and a palpable cystic
eyelid mass. [136] Sekhar et al [78] reported that subconjunctival cyst might be related to
ptosis and suggested that the surgical removal of the parasite is a good management.

Only six patients (all from India) have been reported in the medical literature, they had
between 9 and 23 years of age and most of some of them complained of unilateral ptosis,
inflammation of the upper eyelid and restricted ocular motility while another complained of
mild upper eyelid discomfort without display or decreased vision and no lid erythema or
edema plus full extraocular movements in all directions of gaze. [14, 29, 218, 219]

There are also other parasitic infestations that can induce ptosis. Echinococcosis [220] and
trichuriasis [221] are the two widely mentioned parasitic infestations that can induce ptosis.
Therefore neuroimaging studies are useful to distinguish myocysticercosis from other cystic
lesions of the extraocular muscles, such as echinocococus granulosus (hydatid cyst), cystic
tumors or extraocular myositis with cystic changes. A hydatid cyst lacks a scolex and does
not usually demonstrate intense rim enhancement. However, CT may be preferable as
intracranial CT can identify cerebral cysticercosis, which was as high as 16.7% in a case
series of myocysticercosis. [155] The diagnosis by neuroimagen is important as
myocysticercosis responds well to anti-helminthic therapy, while surgical excision is the
primary treatment modality for hydatid cysts or tumors. Ultrasound and CT scan appear
comparable in ability to detect the scolex. [29, 136]

In patients presenting fluctuating palpebral ptosis with negative neostigmine and
electrophysiological tests (pseudo myasthenia) cysticercosis of midbrain should be
investigated because focal encephalitis and edema at the midbrain may cause this
symptomatology. [222]

Indeed, ocular cysticercosis is not a rare disease in the developing countries, and ptosis due
to cysticercosis is sporadically reported [223] but it should keep it mind during the
differential diagnosis of unilateral eyelid ptosis.

5.3. Superior rectus muscle cysticercosis

The superior rectus muscle is a muscle in the orbit. It is one of the extraocular muscles. It is
innervated by the superior division of the oculomotor nerve (Cranial Nerve III). In the
primary position (looking straight ahead), the superior rectus muscle's primary function is
elevation, although it also contributes to intorsion and adduction.

Extraocular muscle cysticercosis is the most common site of this parasitic disease when
involving the orbit. [224]

In some series of patients with extraocular cysticercosis, the superior rectus muscle is the
most commonly affected (33.3%) compared other involved muscles. [77] and clinical
features usually are painful unilateral ptosis, inflammation of the upper eyelid and some
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restriction on down gaze. Diagnosis is made by neuroimagen studies that show a well-
defined ring-enhancing lesion in the superior rectus muscle. [14]

Angotti-Neto et al [224] reported a 38-year-old Brazilian female patient with extraocular
muscle enlargement and a small cystic lesion near the insertion of the superior rectus muscle
treated with oral prednisone for almost one year due to a non-specific inflammation of right
orbit diagnosis later confirmed as superior rectus muscle cysticercosis. That report illustrates
the consequences of delayed antiparasitic treatment leading to leading to marked
hypertrophy and limitation of infraduction and later an incomplete recovery. It also serves
to emphasize that cysticercosis should be included in the differential diagnosis of
extraocular muscle enlargement, especially in cases of orbital inflammation non-responsive
to corticosteroid treatment. Although the differential diagnosis of extraocular muscle
enlargement is extensive, including Graves' orbitopathy, myositis, carotid cavernous fistula,
lymphoma, metastatic and primary tumors, when associated with other clinical signs such
as lid retraction or pain with eye movement, a correct diagnosis can usually be established.
[225] Less frequent conditions include arteriovenous fistulas and malformations and orbital
tumors. [226]

Superior rectus muscle
(Superior view)

Figure 8. Cysticercus near to insertion of superior rectus muscle in the eyeball.

5.4. Inferior rectus muscle cysticercosis

The inferior rectus muscle is another muscle in the orbit. (See figure x) It depresses, adducts,
and helps extort (rotate laterally) the eye. The inferior rectus muscle is the only muscle that
is capable of depressing the pupil when it is in a fully abducted position.

An isolated paralysis of the inferior rectus muscle is often congenital in our experience.
However, it may also occur following orbital trauma, especially after fracture of the orbital
floor; from vascular disease; or in conjunction with myasthenia. [197] The diagnosis is made
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on the basis of the prism and cover test in the diagnostic positions and an examination of
ductions and versions. The deviation is greatest on attempts to look downward with the
affected eye in abduction (Fig. 9). The unopposed action of the antagonistic superior rectus
muscle causes the paretic eye to be incyclotropic and hypertrophic in primary position.
When the patient fixates with the paretic eye in primary position, pseudoptosis may occur in
the sound eye, creating diagnostic problems. Ocular torticollis is a frequent occurrence but is
not of diagnostic value since the head may be tilted to either side. [197]

Inferior rectus muscle
(Superior view)

Figure 9. Representation of T solium cysticercosis in the inferior rectus muscle

The inferior rectus muscle was commonly involved in one study. [29] Inferior rectus
cysticercosis like other the affected extraocular muscle typically shows fusiform
enlargement of its belly and contain a well-defined, spherical cyst with a nodule attached to
its wall. This nodule and the enlarged muscle show intense enhancement on the contrast-
enhanced studies. [227, 228]

In Meher’ series [227] about six patients presenting extraocular muscle cysticercosis two of
them had inferior rectus muscle involvement and proptosis for the eyes but imaging studies
of the brain showed no evidence of cerebral cysticerci in any of the patients and not palpable
subcutaneous nodules were found.

Based on the clinical features of patients reported in the medical literature [229] and our
observations, the commonest symptom and signs of the inferior rectus cysticercosis are
eccentric proptosis and restriction of upward gaze no associated with loss of vision or
painful eyes. MRI orbit is the investigation of choice which can reveal a cystic lesion in the
belly of inferior rectus muscle, hypointense on T1 and hyperintense on T2 weighted images
and a tiny eccentric hypointense speck suggestive of scolex can be seen.

Shadangi et al [229] have noticed that the cysticerci of the extraocular muscles travel
forward, come to lie in a subconjunctival location and then extrude out spontaneously and
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they have adopted a policy to wait and watch in these cases. They avoid giving steroids and
anthelmintic as these suppress inflammation and delay the movement of the cyst outward,
and hence, its extrusion. Because delayed treatment can favored chronic inflammatory
process, associated fibrosis and permanent damage on the physiology of the muscles, in our
opinion, each patient should be assessed individually and a decision should be taken
accordingly.

Isolated inferior rectus muscle palsy resulting from a nuclear third nerve lesion as the initial
manifestation of multiple sclerosis has been reported in the medical literature. [230]

5.5. Superior oblique muscle cysticercosis

The superior oblique muscle, or obliquus oculi superior, is a fusiform muscle originating in
the upper, medial side of the orbit (i.e. from beside the nose) which abducts, depresses and
internally rotates the eye. It is the only extraocular muscle innervated by the trochlear nerve
(the fourth cranial nerve).

The primary (main) action of the superior oblique muscle is intorsion (internal rotation), the
secondary action is depression (primarily in the adducted position) and the tertiary action is
abduction (lateral rotation).

Superior oblique muscle
(Superior view)

Figure 10. Superior oblique myocysticercosis

The depressing action of the superior oblique (making the eye look down towards the
mouth) is most effective when the eye is in an adducted position. This is because as the eye
is abducted (looks laterally), the contribution made by superior oblique to depression of the
eye decreases, as the inferior rectus muscle causes this movement more directly and
powerfully. The main muscle for abduction is the lateral rectus, so although superior
oblique contributes to a downwards and lateral eye movement, testing this motion would
not be specific enough as inferior and lateral recti muscles would also be tested. Therefore,
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during neurological examinations, the superior oblique is tested by having the patient look
inwards and downwards, testing only the depressing action of the muscle. This is a source
of confusion on the subject as although clinical testing asks the patient to adduct and
depress the eye, anatomically the muscle depresses and abducts it.

The great importance of intorsion and extorsion produced by the two oblique muscles can
only be understood when it is considered with regards to the other muscle actions present.
The two obliques prevent the eye from rotating about its long axis (retina to pupil) when the
superior and inferior rectus muscles contract. This is because the orbit does not face directly
forwards- the centre-line of the orbit is a little over 20 degrees out from the mid-line. But
because the eyes do face forwards, when acting alone, as well as making the eye look up,
superior rectus causes it to rotate slightly about the long axis, so the top of the eye moves
medially (intorsion). Similarly, in addition to making the eye look down, inferior rectus
would cause the eye to rotate about the long axis so the top of the eye moves slightly
laterally (extortion), if acting alone. Clearly this is undesirable as our vision would rotate when
we looked up and down. For this reason, these two rectus muscles work in conjunction with
the two obliques. When acting alone, superior oblique causes intorsion, inferior oblique, and
extorsion. Hence, when inferior rectus contracts so we look down, superior oblique has also
contracted to prevent extorsion of the eye, and when superior rectus contracts so we look up,
inferior oblique contracts to prevent intorsion, thus the undesired rotatory actions of the
inferior and superior rectus about the long axis of the eye are cancelled out. This keeps our
vision horizontally level, irrespective of eye position in the orbit.

In one of the large series of patients presenting extraocular muscle cysticercosis (n=35) the
average age was 19.6 years, no differences between female and males were found and the
most common clinical feature was restricted ocular motility with diplopia and recurrent
pain and redness. [194] In the superior oblique muscle cysticercosis are kept the same
demographic and clinical feature described for other extraocular muscles. However, the
lateral rectus, medial rectus and the superior oblique were affected to a greater extent and in
all cases the extraocular muscle cysticercosis can be suspected in cases of acquired ocular
motility disorder with recurrent ocular congestion. Perhaps the most interesting aspect of
superior oblique cysticercosis is its clinical presentation as: Brown syndrome and Canine
tooth syndrome.

Brown syndrome is defined as an ocular motility disorder, characterized by an inability to
elevate the adducted eye actively or passively. In 1950, Harold W. Brown first published on
an unusual motility disorder, characterized by the following: limited elevation in adduction;
divergence in straight upgaze (V-pattern); same degree of limitation on versions, ductions,
and forced ductions; widening of the palpebral fissure on adduction; normal or near normal
elevation in abduction; restricted forced ductions to elevation in adduction; and
compensatory chin elevation for binocular fusion.

Diplopia may occur when the patient looks up and to the contralateral side of the affected
eye. Patients with congenital Brown syndrome rarely complain of diplopia, because most
patients have developed suppression. The most common signs of Brown syndrome include:
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supranasal orbital pain, tenderness. Limited elevation in adduction, an invariable sign, is the
hallmark of Brown syndrome and pain that is associated with this ocular movement. The
canine tooth syndrome is an ocular motility disorder comprising ipsilateral Brown's
syndrome and superior oblique muscle dysfunction. Ocular motility shows ipsilateral deficit
of elevation and depression, maximum in an adducted position. Typically this follows a dog
bite (hence the name) that damages the trochlea and superior oblique muscle concurrently
but it can be caused by trauma to the trochlear area, producing a "double Brown syndrome";
secondary to strengthening the superior oblique along with a residual superior oblique
palsy, or a combination of local trauma to the trochlea causing restriction to upgaze along
with closed head trauma producing a trochlear nerve disorder. Trochlear nerve palsy is the
most common cause of vertical diplopia then apart from periocular pain, and lid swelling,
an upgaze vertical diplopia can be present. [231-242]. Superior rectus muscle cysticercosis
should be considered in the differential diagnosis of acquired motility disorder.

Lee and O'Halloran [239] described the case of a 5-year-old girl traumatized from a dog bite
to the superior aspect of the orbit in the right eye. The dog's canine tooth penetrated deep
into the posterior orbit and severed the attachment of the superior oblique muscle of the
globe posterior to the trochlea leading to the clinical presentation before-cited.

The acquired Brown syndrome is known to occur after trauma, iatrogenic events, cysts of
superior oblique muscle, tenosynovitis, and systemic lupus erythematosus. [238, 243,244]
Although surgical excision and reconstruction of the superior oblique tendon has been
reported [230] this aspect will be discussed under the subchapter of treatment.

Rao et al [238] reported seven patients presenting Brown syndrome secondary to superior
oblique muscle cysticercosis. All patients had the ocular motility limitation, ie, limitation of
elevation in adduction (characteristic of Brown syndrome) and associated pain and swelling
in the superior nasal orbit.

5.6. Inferior oblique muscle cysticercosis

The inferior oblique muscle is a thin, 36 mm long narrow muscle placed near the anterior
margin of the floor of the orbit. It originates a few millimeters behind the medial end of the
inferior orbital rim just lateral to the lacrimal fossa and proceeds posteriorly and temporally
at an angle of 51 degrees with the frontal plane passing beneath the inferior rectus (between
the inferior rectus and the floor of the orbit) and inserting posterior to the equator on the
inferior and lateral aspect of the globe. [204] Its actions are extorsion, elevation and
abduction of the eye. The primary action is extorsion; secondary action is elevation; tertiary
action is abduction (i.e. It extorts the eye and moves it upward and outwards). The field of
maximal inferior oblique elevation is in the adducted position.

This muscle receives its innervation on its upper surface at the point where it passes beneath
the lateral border of the inferior rectus, approximately 12 mm posterior to the lateral corner
of the insertion of the inferior rectus. The inferior oblique muscle is unique in its anatomic
relationships. This muscle behaves as though it has two potential insertions and two
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potential points of origin. Because the inferior oblique is innervated near its middle, it may
be weakened either proximal or distal to its point of innervation.

The inferior oblique muscle is the only muscle that is capable of elevating the eye when it is
in a fully adducted position. While commonly affected by palsies of the inferior division of
the oculomotor nerve, isolated palsies of the inferior oblique (without affecting other
functions of the oculomotor nerve) are quite rare and can be confused with Brown
syndrome.

In a series of 25 patients with inferior oblique palsy studied by Pollard [245], all presented
with a head tilt to the side of the paretic muscle. None of these patients complained of tilting
images, but incyclotorsion was measurable in all cases. The most important conclusion from
this study is that inferior oblique palsy is a benign entity, with none of these patients having
a brain tumor, myasthenia gravis or cysticercosis.

While many vertical deviations that appear to be due to an inferior oblique palsy based on
the results of the three-step test may be caused by inferior oblique weakness, skew deviation
should also be considered in any patient with a history of head trauma, or other
neurological findings. The cyclotorsion observed in inferior oblique palsy is opposite that
seen by the ocular tilt reaction, and differentiates the two entities clinically. We postulate
that these deviations are caused by damage to the otolithic projections that correspond to
those from the ipsilateral posterior semicircular canal (on the side of the hypotropic eye).
[246]

Inferior oblique muscle
(Superior view)

Figure 11. Illustration of inferior oblique muscle cysticercosis close to its insertion in the eyeball.

The common causes of inferior oblique muscle dysfunctions are facial trauma, endoscopic
ethmoidectomy, superior oblique muscle palsy (overaction of the inferior oblique muscle),
unilateral inferior oblique anterior transposition. [24, 247, 248] Overaction of the inferior
oblique muscle is manifest by over the elevation of the adducted eye. It is a common enigma

139



140 Novel Aspects on Cysticercosis and Neurocysticercosis

in the field of ocular motility and it may occur secondary to a weak contralateral superior
rectus muscle or a weak ipsilateral superior oblique muscle. [248-250]

Based on our experience and an extensive review of the medical literature we conclude that
cysticercosis of the inferior oblique muscle practically does not exist in human beings
compare with other presentations. Despite the inferior oblique muscle has the same change
to be infected by T solium like other extraocular muscles, we think it is rarer than the other
because the inferior oblique is unique among the extraocular muscles in that, in many cases,
weakening of this muscle, even with extensive surgery, seems to have relatively little effect
on the movement of the globe or alignment of the eyes. Therefore isolated cysticercotic
lesion on the inferior oblique muscle can be asymptomatic. Even in patients presenting a
relatively uncommon inferior oblique paresis due to other causes, strabismus is much less
than would occur after paresis of any of the other muscles. Effective weakening of this
muscle could be made more difficult because of the unique anatomy. Likewise
neurologically, the muscle innervation by the inferior branch of cranial nerve III makes
isolated paralysis extremely uncommon. [250]

Of all the extraocular muscles supplied by the oculomotor nerve, the inferior oblique muscle
is less likely to become paralyzed. The onset is usually congenital but the trauma has been
mentioned as a cause. In primary position the affected eye may be hypotropic or the
unaffected eye hypertrophic, depending on whether the patient fixates with the
nonparalyzed or paralyzed eye. The greatest deviation occurs when the patient attempts to
elevate the adducted paretic eye. Overreaction of the unopposed ipsilateral superior oblique
muscle causes incyclotropia. In all patients whom we have evaluated, onset was congenital.
As in the case of superior oblique paralysis, the anomalous head posture is more
characteristic than in paralyses of the vertical rectus muscles. As a rule the head is inclined
toward the paralyzed side, and the face is turned to the uninvolved side, but there are
exceptions. The Bielschowsky head tilt test is positive on tilting the head to the normal side.
The forced duction test is necessary in making this diagnosis, since the prevalence of Brown
syndrome is far greater than paralysis of the inferior oblique muscle and since the defect of
ocular motility is clinically similar. However, with Brown syndrome the involved eye is
frequently depressed more severely in adduction than it is with inferior oblique paralysis.

5.7. Lateral rectus muscle cysticercosis

Each rectus muscle inserts at a different distance from the limbus. The lateral rectus muscle
is one of six extraocular muscles that control the movements of the eye (abduction in this
case) and the only muscle innervated by the abducens nerve, cranial nerve VI. Its function is
to bring the pupil away from the midline of the body. It is tested clinically by asking the
patient to look laterally.

As we before-mentioned the extraocular muscles have differences undoubtedly related to
their very specialized function. Both skeletal and extraocular muscles have several types of
twitch fibers, but the extraocular muscles are unique, having tonically contracting fibers not
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found in skeletal muscle. There are two muscle fiber layers in the medial and lateral recti.
The shorter orbital layer inserts in the muscle pulley, and the longer global fibers insert into
sclera at the muscle’s insertion. The muscle fibers are long, traversing the entire length of the
muscle, or in some cases, nearly so. The medial and lateral extraocular muscles have the
lowest innervation ratio of any of the muscles of the body; that is, they have the most nerve
fibers per muscle fiber which support the stringent requirements of accuracy of fixation and
smoothness of following required to support a visual apparatus capable of both rapid,
accurate movement and sustained fixation. There is evidence, not always corroborated but
accumulating nonetheless, showing that the extraocular muscles participate in
proprioception. Muscle spindles and other muscle sensors communicate by means of an
inflow mechanism which is functional but apparently less powerful than the outflow
mechanism generated from stimuli arising in the retina. [251]

Lateral rectus muscle
(Superior view)

Figure 12. Illustration of the lateral rectus muscle myocysticercosis

Lateral rectus palsy is commonly seen in patients presenting intracranial hypertension due
to NCC, because abducen nerves has the longest pathway along to the subarachnoid space
and it can be damaged by raise intracranial pressure without focalizing the intracranial
lesion. Like other extraocular muscles first clinical symptom is diplopia (horizontal) To
differentiate horizontal diplopia secondary to abducen palsy from horizontal diplopia
secondary to lateral rectus muscle cysticercosis is an easy task if other symptoms and signs
of intracranial hypertension of orbital cysticercosis are present. In our series intracranial
hypertension is most commonly seen in patients with intraventricular and subarachnoid
NCC whom a complaint of epilepsy, headache, nausea, vomiting, and cognitive dysfunction
and they can present meningeal sings and focal neurological signs. Patients with lateral
rectus cysticercosis also complaint of proptosis of the affected eyes, painful eye movements
and decrease visual acuity due to optic nerve damage. Imagenology studies are extremely
useful to confirm the final diagnosis. [251]
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With acquired sixth nerve paralysis it is essential to determine whether the restriction of
abduction is caused by paralysis of the lateral rectus muscle, contracture of the medial rectus
muscle or a combination of both conditions. The estimation of generating muscle force
determines whether residual lateral rectus muscle function is present. [251]

To identify the cause of horizontal diplopia due to a lateral rectus muscle lesion or due to
abducens palsy, imagenology studies are mandatory. Below, our readership can see the
main differences in two well documented patients.

Abducens palsy is commonly seen as part of the clinical feature of intracranial hypertension
because its long pathway across to the subarachnoid space but it is non useful as a focal
neurological sing. Another multifactorial cause of abducens palsy is MOBIUS syndrome
which is characterized by congenital bilateral abducens paralysis associated with facial
diplegia and microglossia.

In May 2012, the previous patient came to the department of ophthalmology in Nelson
Mandela Academic Hospital complaining of pain on the left eye, horizontal diplopia, poor
vision, and proptosis of the left eye. She was assessed by two of us (MCSC and HFS). Apart
from CT scan findings, the ELISA test for Ig G antigen (Tenia solium) in the cerebro-spinal
fluid was positive. She is still under medical treatment with prednisone and albendazol and
responding well to the medications.

MNELSON MANDELA, IC L Aquilion

Agquilion E NELSON MANDI

Figure 13. CT scan axial view (1) shows proptosis of the left eyes and lateral rectus myocysticercosis.
Intramuscular cyst with “scolex” within is seen. Lateral view (2) shows enlargement of the lateral rectus
muscle and an associated intraparenchymal neurocysticercosis (calcified lesions).

Another two patients from our series presented horizontal diplopia secondary to abducens
palsy, headache and chronic seizure disorder came to Neurology clinic and CT scans of the
brain confirmed intraventricular NCC (2) and subarachnoid NCC (1), in both patients ELISA
tests for serum antigen and Western blot were positive for T solium.
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Extraocular cysticercosis associated to disseminate cysticercosis including NCC can be seen.
It was communicated by Patwardhan and Bhatti. [111] in India. They reported a young male
patient presented with a complaint of blurring of vision in the left eye for a few days.
Funduscopy examination showed vitreous haze, localized in the lower half, of the vitreous.
A clearly defined, spherical, white mass somewhat resembling a dislocated lens, was seen in
the vitreous body and anterior to the retina, freely mobile, lying in the lower temporal
quadrant. This mass showed occasional contractile waves passing through it. Systemic
examination showed the presence of subcutaneous nodules on the scalp , and neck. CT Scan
confirmed multiple neurocysticercosis cysts involving superior and medial rectus bilaterally
and right lateral rectus.

One or more extraocular muscles may be simultaneously involved, although a propensity
for involvement of the superior muscle complex and the lateral rectus muscles has been
most commonly reported. [90, 194] As we explained before, according to muscle involved,
patients will present different clinical manifestations such as; Brown syndrome, Canine
tooth syndrome, Duane retraction, Skew deviation, overreaction, different types of diplopia,
painful proptosis. Also acquired strabismus, recurrent redness and some of the clinical signs
in patients with orbital cysticercosis can be observed. [70]

5.8. Medial rectus muscle cysticercosis

The medial rectus muscle is a muscle in the orbit. The medial rectus is said to insert in the
normal eye 5.5 mm from the limbus.

As with most of the muscles of the orbit, it is innervated by the inferior division of the
oculomotor nerve (Cranial Nerve III).

This muscle shares an origin with several other extrinsic eye muscles, the annulus
tendineus, or common tendon.

It is the largest of the extraocular muscles and its only action is adduction of the eyeball. Its
function is to bring the pupil closer to the midline of the body. It is tested clinically by
asking the patient to look medially.

In our experience, an isolated paralysis of the medial rectus muscle due to cysticercosis
without involvement of other muscles is very uncommon. In this type of weakness or
paralysis the greatest defect of ocular motility occurs when the affected eye goes to
adduction position. In the differential diagnosis of an isolated medial rectus paralysis,
internuclear ophthalmoplegia is listed.

Cysticercosis as a cause of medial rectus myositis have been reported by others [197, 208,
218, 221, 252- 256] most of patients presented headache, orthotropia in primary gaze, painful
drooping of the eyelid, decrease visual acuity, and on examination of the ocular motility,
abduction deficit with the resulting horizontal diplopia is found. Sometimes the head of
patients turns to the non-paretic side to allow them to attain single binocular vision. The
most common extra ocular muscle to get involved in cysticercosis is the medial rectus. [197]
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Isolated medial rectus cysticercosis may be associated with ptosis and upper lid retraction
on attempted adduction (aberrant regeneration) in patients with partial third nerve
paralysis. Medial rectus cysticercosis must be distinguished from internuclear
ophthalmoplegia (INO), caused by lesions in the medial longitudinal fasciculus. In this
condition unilateral or bilateral limitation of adduction is associated with nystagmus of the
abducting eye. Convergence may or may not be normal and we will discuss briefly about
this matter below. A clinical picture similar isolated media rectus cysticercosis or INO can
be caused by myasthenia gravis but a Tensilon test is diagnostic. Restriction of adduction
may be caused by an excessively resected lateral rectus muscle.

Medial rectus muscle
(Superior view)

Figure 14. Medial rectus myocysticercosis

One of the most important differential diagnoses of medial rectus palsy cysticercosis is with
isolated medial rectus palsy as a sign then clinically is easier to perform. There are an
important number of publications related to isolated medial rectus palsy in of midbrain
infarction but if impaired adduction of the ipsilateral eye is associated with a bilateral ptosis
and normal pupil function midbrain infarction. [259-263]

6. Treatment of extraocular muscle cysticercosis

Contact B-scan ultrasonography was a diagnostic test of cysticercosis in 84.4% of patients
[77] but the accuracy of a CT scan and MRI is more than 98% in our series.

Surgical excision of an extraocular muscle cyst had been described [77, 177, 194, 202]. In
contrast to medical treatment, surgical excision is technically difficult due to the attachment
of the cysts to underlying orbital structures, the amorphous consistency of degenerating
cysticerci and the risk to neurovascular structures in the posterior orbit. [29] There is also a
likelihood of postoperative restrictive myopathy arising from the fibrotic response in
surgical excisions of large cysts or in cysts requiring extensive dissection from the
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underlying muscle. [215] The potential risk of damage to adjacent tissue and adhesion from
surgical exploration should not be taken lightly, particularly when effective medical therapy
is available. As a general consent medical treatment with albendazol and prednisone is the
best choice taken by most of the authors and recommended duration of treatment varies
from a few days to up to 6 weeks. [29, 95,155, 194,197, 204- 208, 218,219, 220, 223, 224, 227-
232,237-240, 242, 252, 253,255, 264-266]

In some, cyst elimination rates were more than 90%, and time to recovery of ocular motility
ranged between 0.5 and 35 month. [136, 155, 265]

Although oral albendazole and prednisone are efficient, a long history of disease can lead to
important residual ocular motility restriction [220] and some author found that oral

albendazole and prednisone are not effective thus their role in ocular cysticercosis need to
be studied. [256]

In the next figure we summarize the frequency of affected extraocular muscle by
cysticercosis.

In some, cyst elimination rates were more than 90%, and time to recovery of ocular motility
ranged between 0.5 and 35 month. [136, 155, 265]

Although oral albendazole and prednisone are efficient, a long history of disease can lead to
important residual ocular motility restriction [220] and some author found that oral
albendazole and prednisone are not effective thus their role in ocular cysticercosis need to
be studied. [256]

In the next figure we summarize the frequency of affected extraocular muscle by
cysticercosis before medical treatment.
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Figure 15. Distribution of extraocular myocysticercosis in the orbital cavity.
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7. Conclusion

The cysticercosis of the orbit is an uncommon zoonotic parasitic disease. Its early diagnosis
and appropriate treatment avoid the permanent loss of vision. The surgical treatment is the
best choice in intraocular cysticercosis while medical treatment is the best choice for
extraocular presentations including the extraocular muscles cysticercosis. The adequate
knowledge of the anatomy and physiology of the intra orbital content contributes to a better
diagnosis. Sometimes the patience helps resolve the conflicts that create the conjunctiva
cysticercosis. It must take into account other processes that mimic the orbital cysticercosis in
their differential diagnosis. Although it is a rare disease it is a challenge for those health
professionals committed to the management of these patients.
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