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Abstract

Background Cerebral sparganosis represents the most severe manifestation of sparganosis, with a relatively low
global incidence. For cases of secondary epileptic seizures caused by sparganosis infection in the functional areas
of the brain, what advanced neurosurgical techniques should be employed to precisely identify and excise the epi-
leptic lesions in the deep functional areas of the brain, aiming to achieve maximal removal while minimising the risk
of neurological deficits? This remains a current challenge for epilepsy surgeons.

Case presentation A 24-year-old Chinese male was admitted to our hospital, presenting with a history of left

limb twitching persisting for over a year. His main clinical symptoms presented twitching and numbness of his left
limb without loss of consciousness. Under the premise of inappropriate anti-seizure treatment, recurrent epilepsy
attacked persist. The patient’s diagnosis was considered as “space-occupying lesions in the several lobes of brain,
secondary epilepsy” after comprehensive assessment and discussion. And experts considered that the patient’s
space-occupying lesions in the right frontal and parietal lobes were highly suspected to be infected by parasites. This
report delved into the application of neurosurgery robot-assisted frameless stereotaxic technology and intraopera-
tive stereotactic electroencephalography (SEEG) monitoring technology to accurately locate and optimize removal
of parasite-related epileptic lesions situated in functional areas of the brain. As a result, the patient had achieved
seizure freedom, leaving no symptoms of neurological deficit.

Conclusions With the highly integrated development of imaging technology, mechanical technology, computer
control technology, and artificial intelligence, surgical robots are poised to play a larger role across various neurosur-
gical specialties in the future. Considering benefits for patients and the promising application of this technology, its
utilization holds significant value.
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Background
Sparganosis is a zoonotic taenia infection caused by
the plerocercoid or second-stage larvae (sparganum) of
pseudophyllidean tapeworms that reside in host tissues
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of neurological symptoms such as epileptic seizures, sen-
sory disturbances, and headaches in patients, known as
cerebral sparganosis. Cerebral sparganosis accounts for
approximately 25% of all sparganosis cases [2]. The pri-
mary mode of infection is through the digestive tract,
such as drinking water contaminated with water fleas
or eating raw or undercooked intermediate hosts like
frog, snake or chicken meat [3-6]. Cerebral sparganosis
is a very rare zoonotic disease which is regarded as the
most severe manifestation of sparganosis [7, 8]. Seizures
are frequently reported as the most common symptom
in patients with cerebral sparganosis [9]. This article
presents a case of secondary epilepsy caused by cerebral
sparganosis and focuses on the application of neurosur-
gery robot-assisted frameless stereotaxic technology
and intraoperative stereotactic electroencephalography
(SEEG) monitoring, aiming to precisely identify lesions
within vital brain regions and optimize surgical excision
[10-13]. Successful resection of lesions in functional
areas of the brain is expected to achieve seizure free-
dom without leaving neurological deficits. In addition,
we were lucky enough to identify and extract the three
live worm bodies of sparganum in the brain through neu-
rosurgical robot-assisted frameless stereotactic technol-
ogy, thereby prompting the reporting of this unique case.

Case presentation

A 24-year-old male patient was admitted to the hospi-
tal on November 26, 2021, presenting with a history of
left limb twitching persisting for over a year. In August
2020, the patient had the first seizure onset attack, which
manifested as sudden paroxysmal left upper arm rigidity
without any identifiable trigger and loss of consciousness,
accompanied by numbness and a sensation feeling of
crawling ants in the left upper arm, along with visual field
loss, lasting about 1 min. However, the patient and his
family did not pay attention to the symptons, and conse-
quently no medical intervention was sought at that time.
From September to October in 2020, the patient experi-
enced similar seizures attack for five times, accompanied
by visual field defect. Each episode lasted approximately
1 min before the convulsions subsided. Additionally,
the patient reported experiencing a headache lasting for
about 1 h following the seizures. On November 10, 2021,
the patient had another seizure without an apparent trig-
ger while awake. This seizure was presented with twitch-
ing in the left limb (including upper and lower limbs),
backward tilting of the head, eyes gazing to the left, and
the corner of the mouth tilting to the left. Concurrent
symptoms included numbness and weakness of the left
limb, visual field defect, palpitation, nausea, and profuse
sweating. The symptoms relieved after about 2 min, but
the ensuing headache persisted for several hours before
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gradually relieving. The patient was subsequently sent
to a local hospital for treatment. His head magnetic
resonance imaging (MRI) scan revealed abnormal sig-
nal shadows in the right precentral gyrus, leading to the
diagnosed of secondary epilepsy. At the beginning, the
patient followed the doctor’s advice and initiated a regi-
men of sodium valproate sustained-release tablets 0.5 g
bid for a week, then he gradually reduced it untill stopped
taking the medicine by himself. On November 26, 2021,
the similar seizure pattern relapsed, but this time there
were 5 consecutive bead-like seizures (cluster seizures),
occurring approximately 2—3 min apart from each other.
The patient spontaneously recovered after half an hour,
remaining conscious throughout the episode. Subse-
quently, the patient was promptly sent to the emergency
department of our hospital for medical treatment. The
emergency electrocardiogram (ECG) showed that the QT
interval was normal. Considering the patient’s secondary
epilepsy diagnosis and the history of frequency seizures,
a temporarily prescription of sodium valproate sus-
tained-release tablets 0.5 g bid was administered. Addi-
tionally, the patient was recommended to be transferred
to our department for further diagnosis and treatment.
Throughout the patient’s hospitalization in our depart-
ment, the majority of laboratory tests and cerebrospinal
fluid analysis yielded normal results. However, the patient
did indeed exhibit motor paralysis in the left upper limb,
as evidenced by a score of 3 out of 5 on the manual mus-
cle test (MMT). The plain cerebral MRI scan showed the
presence of patchy mixed signal shadows in the right
fronto-parietal lobe, particularly in the precentral gyrus
area. These shadows were characterized by slightly pro-
longed T1 and T2 signals, mixed with patchy areas of
short T2 signals. Additionally, a significant area of edema
was observed surrounding these lesions. In the right
parietal and occipital lobes, some lesions exhibited low
signal intensity while others displayed high signal inten-
sity, indicative of potential softening lesions (Fig. 1la—c).
Enhanced brain MRI imaging revealed a heterogeneous
nodular mixed signal shadow in the right precentral
gyrus, surrounded by a large area of edema, suggesting a
potential presence of space-occupying lesion in this area.
Some lesions in the right parieto-occipital lobe showed
low signal intensity, while other lesions showed high sig-
nal intensity, indicating the possibility of softening lesions
forming in the right parieto-occipital lobe (Fig. 1d-f).
The video electroencephalogram (VEEG) results showed
the occasional presense of atypical sharp wave compo-
nents with medium amplitude (46-78 uV) around 5.4 Hz
in the right frontal area during light sleep, but no abnor-
malities were detected in the rest (Fig. 2). Thorough
questioning of the patient’s history revealed that he had
the habit of consuming raw food during his time working
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Fig. 1 Preoperative MRl images in axial (a) T1-weighted, sagittal (b) T2/FLAIR-weighted, and sagittal (c) T2-weighted scans. Preoperative
contrast-enhanced T1-weighted MRl images in the axial (d), sagittal (e), and coronal (f) planes are presented. Neurosurgery robot-assisted frameless
stereotactic technology was applied to implement the surgical strategy for lesion biopsy and resection in functional areas (g)
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Fig. 2 The video electroencephalogram (VEEG) recordings of the patient
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in the coastal area of Guangdong Province. Additionally,
the patient had suffered trauma to his right occipital
region over a decade ago. Following a comprehensive
multimodal assessment and multidisciplinary discussion,
the patient’s diagnosis was considered as “l.space-occu-
pying lesions in the right frontal lobes and parietal lobes;
2.space-occupying lesions in the right occipital lobe;
3.secondary epilepsy: Jacksonian epilepsy without distur-
bance of consciousness” The medical team considered
that the space-occupying lesion present on the patient’s
right frontal and parietal lobe was highly suspected to be
caused by parasitic infection. Furthermore, the space-
occupying lesion in the right occipital lobe was identified
as the underlying cause of the patient’s visual field defect,
which may stem from a previous brain trauma during his
adolescence. Our team provided a detailed explanation of
the patient’s condition, feasible treatment options and
related risks to the patient and his family. The primary
concern for the patient is to solve the problem of the
recurrence of epilepsy. The critical approach to address-
ing this issue involved accurate localization and maximal
resection of epileptic lesions within the functional brain
areas, while minimizing unnecessary damage to sur-
rounding brain tissue. Meanwhile, two surgical methods:
traditional craniotomy to remove lesions or stereotactic
intracranial lesion biopsy technology were provided to
patient and his families. We also recommended the
patient for further parasite-specific testing identify etiol-
ogy, but this proposal was rejected. Finally, the patient
and his families chose stereotaxic intracranial lesion
biopsy technology including framed and frameless stere-
otactic techniques [14]. Frameless stereotactic technol-
ogy consists of two main types: neurosurgical navigation
systems and neurosurgical robots [10-13]. Our epilepsy
team utilized neurosurgery robot-assisted frameless ster-
eotaxic technology along with intraoperative SEEG mon-
itoring technology. The neurosurgical robot used in the
operation utilizes the Huake Precision® SR1-3D indepen-
dently developed by Huake Precision (Beijing) Medical
Technology Co., Ltd, using 3D structured light technol-
ogy and HoloShot intelligent sensing technology to pro-
vide neurosurgeons with precise, convenient and
effective surgical assistance during the operation. The
surgical plan (Fig. 1g) and surgical procedures are gener-
ally summarized as follows. In the preoperative prepara-
tion stage, three steps were involved: (1) replicated the
patient’s preoperative head CT, MRI and other imaging
examination information to formulate a surgical plan; (2)
inserted 5 metal markers at different positions on the
patient’s skull, performed a thin-slice CT positioning
scan with a slice thickness of 1-2 mm, and copied the
acquired image information to the neurosurgery robot
computer workstation in the operating room; (3) the
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epilepsy surgery team utilized the “surgical treatment
planning” software on the neurosurgical robot’s com-
puter to integrate the surgical plan and thin-slice CT
images information through multi-modal image fusion
for accurate positioning. During the operation, the spe-
cific surgical steps were as follows. (1) The patient was
brought into the operating room and placed supine on
the operating bed, where he underwent general anesthe-
sia. The epilepsy surgeon used a head frame to fix the
patient’s head on the operating bed, and then connected
and fixed the position between the patient’s operating
bed and the neurosurgery robot. Subsequently, the team
used the robotic arm working platform of the neurosur-
gical robot to register and matched the markers, outlin-
ing the lesion and creating a three-dimensional
visualization of the target path. This process involved
obtaining the three-dimensional coordinates of the target
(X, Y, Z), calculating the optimal cranial entry point and
biopsy trajectory, as well as determining the precise loca-
tion of the target coordinates. (2) Following the determi-
nation of the optimal cranial entry point coordinates, the
surgeon designed a linear incision centered on the right
fronto-parietal lobe lesion measuring about 5 c¢m in
length. After routine disinfection and draping proce-
dures, the galea aponeurosis of the scalp was incised in
layers. Bipolar electrocoagulation was employed to stop
bleeding, and a spreader was used to expand the skin and
muscle flaps for the skull exposure. A hole was then
drilled into the skull to form a circular bone flap, which
was subsequently removed to form a 4*3 cm bone win-
dow. After the bone flap being extracted, the cross-
shaped incision was made in the dura mater. (3) The
surgeon determined the lesion and the cortex at the sur-
gical site according to the robot’s positioning system. Ini-
tially, deep electrodes were utilized for intraoperative
SEEG monitoring, revealing the presence of a small
amount of sharp waves deep within the brain tissue of the
surgical area. Following the monitoring, brain cotton
pads were used to protect brain tissue beyond the pre-
central sulcus. (4) Bipolar electrocoagulation and a nerve
dissector were utilized to create a cortical fistula for
exploration of the lesion center. About 0.5 cm below the
cortex, the brain tissue exhibited white and relatively firm
texture. The nerve dissector was employed to identify the
clear boundary between the surrounding and normal
white matter. Carefully dissection along this boundary
allowed for the separation of a small round nodule from
the lesion. The capsule of this nodule was visible, after it
being sent for pathological examination, the surgen con-
tinued the exploration. Surprisingly, three live milky-
white parasites were extracted from the lesion and its
surroundings, the longest of which was 12 cm in length
(see Video 1 s in the online-only Supplementary material
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for a living intracranial parasite.). Exploring to a depth of
approximately 3 cm below the cortex and microscopic
examination, the lesion had been completely excised, and
the parasites along with the affected tissue were sent for
pathological analysis to identify the nature. Subsequent
electrophysiological monitoring showed a return to basi-
cally normal brain activity in the surgical area. A large
amount of normal saline and an appropriate amount of
hemostatic gauze were used to flush and packed. (5) Cra-
nial closure operation was complete.

The subsequent pathological results revealed as fol-
lows: (1) the diseased brain tissue showed nerve tissue
and inflammatory necrotic components, with eosino-
philic abscess formation, fibrosis, and encapsulation;
(2) the parasitic worms were identified as sparganum
(Fig. 3a, b). Additionally, the morphology of the para-
site body also supports this diagnosis (Fig. 3c). Then,
the patient was prescribed praziquantel for anthel-
mintic therapy and anti-seizure medication (ASM)
sodium valproate sustained-release tablets 0.5 g bid.
In the 2-year follow-up, the patient demonstrated a
mini-mental state examination (MMSE) scale score
of 29, and a Montreal cognitive assessment (MOCA)
scale score of 28, indicating no post-surgery cognitive
dysfunction. The score of Hamilton depression rating
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scale (17 items) was 1, and the score of Hamilton anxi-
ety rating scale (14 items) was 3, indicating no post-
surgery depression or anxiety. In the emotional-social
loneliness questionnaire, the isolation score was 5, the
emotional loneliness score was 3, and the social loneli-
ness score was 0. Therefore, it was considered that the
patient had no or almost no isolation, emotional lone-
liness, and social loneliness after surgery. The patient’s
quality of life in epilepsy inventory-31 (QOLIE-31)
scale score was 89.47. The cerebral MRI plain scans
(Fig. 4a, b) were performed 2 years after the opera-
tion, revealing complete removal of the right frontal
and parietal epileptic lesions without the emergence
of new similar brain lesions. Additionally, significant
reduction in edema surrounding the epileptic lesion
was observed. The patient’s right occipital lobe sof-
tening was considered to be caused by brain trauma,
which was also the reason for his vision impairment,
so this change still existed in the follow-up MRI. The
VEEG recordings showed that no abnormal intracra-
nial discharges in any brain region during the monitor-
ing process (Fig. 5). During regularly 2-year flow-up in
the outpatient department of our hospital’s epilepsy
center, the patient became seizure-free. Moreover, the

10 20 30 40 50 60 70 80 90

Fig. 3 The pathological results of the parasite body are consistent with the performance of sparganosis. a. The d arrow points to the structure
of different sections of the insect body, body surface transverse stripes (H&E, x 200); b. The e arrow points to the longitudinal muscles and the f
arrow points to the calcerous body (H&E, x400). c. The first living sparganum were captured

Fig. 4 Postoperative follow-up brain MRI scans
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Fig. 5 The VEEG recording of the patient 2 years after surgery showed that no abnormal intracranial discharges in any brain region

during the monitoring process

subsequent ASM adjustment plan for the patient was to
gradually reduce until stop taking medicine.

Discussion

In this case, the delayed diagnosis was attributed to the
rarity of cerebral sparganosis and the technical limita-
tions of primary hospitals. Later, the detailed inquiry
into the patient’s history revealed a previous habit of
eating raw food when he worked in the coastal area. So
our epilepsy center team further improved the patient’s
multimodal assessment examination. Based on the find-
ings from the multimodal assessment and following
multidisciplinary deliberations, it was suspected a possi-
ble correlation between the epileptic seizures and tape-
worm infection. At that time, the challenge faced by our
team was precisely identifying and excising the epileptic
lesions located in the functional brain area to the great-
est extent. To address this challenge, our team had lev-
eraged neurosurgery robot-assisted technology and used
frameless stereotaxic technology. The results indicated
the patient achieved seizure-freedom with no neuro-
logical deficits. Hence, our team advocates the expanded
application of robot-assisted surgery in cases where sur-
gical resection of deep-seated epileptic lesions within
functional brain areas. This approach is deemed valuable
from the perspective of patient benefits and the potential
application prospects of this technology.

In contrast to traditional craniotomy surgery, neuro-
surgery robot-assisted technology also presents distinct
advantages and certain limitations. The advantages of
robot-assisted technology can be summarized in three
aspects [11]: (1) enhancing surgical accuracy, minimiz-
ing human errors, and bolstering operative safety; (2)
reducing surgical duration, enhancing operational effi-
ciency, and alleviating physician fatigue; (3) automating
the generation and simulation of optimal surgical plans,

thereby simplifying and streamlining the surgical pro-
cess. However, it also has some limitations. For instance,
the high cost of equipment may hinder its popularity in
some regions and hospitals; it requires doctors to pos-
sess a certain level of technical proficiency and exten-
sive experience; the current indications are relatively
limited and it mainly focuses on some specific surgeries
[15], such as brain biopsy and deep brain hemorrhage
[15-17]. Additionally, this technology still encounters
several challenges, including technical complexity, opera-
tor learning curve, and patient acceptance of the new
technology. In this case, our department has already
possessed neurosurgical robotic instruments, and the
epilepsy surgery team has demonstrated proficient and
efficiency in mastering this technology. Moreover, as this
technology has been maturely implemented within our
department, patients have become more receptive to the
expanded application of it. In this case, the surgeon could
only rely on visual feedback to perform relevant surgical
operations during the operation, consequently increasing
the risks and uncertainties. To address this issue, future
advancements can involve the development of novel
control algorithms aiming to regulate the human-robot
interaction. Similar to the electronic real-time navigation
broadcast system in cars, these algorithms can provide
real-time guidance to surgeons, indicating whether the
surgical trajectory is accurate and aiding in the decision-
making process. The expert team can also alleviate the
challenges associated with this technology by improving
accuracy, optimizing the surgical process, and reducing
the complexity of the surgery, which aim to serve patients
better. The cost-effectiveness of robot-assisted surgery
has been confirmed by several studies [15, 18]. However,
the accessibility of this technology remains restrained,
particularly in areas where it may not be easily accessi-
ble. Therefore, further researches and policy supports are
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essential to enhance the accessibility of this technology.
Considering current development trends, future research
directions could entail the development of innovative
device designs that prioritize precision to enhance the
automation of stereotaxy [19]. For example, developing
robots in the form of exoskeletons and creating intent
detection methods can improve interaction experience
and work efficiency. Furthermore, as imaging technology,
mechanical technology, computer control technology,
and artificial intelligence become increasingly integrated,
the progression of surgical robot technology is poised to
escalate significantly. In the future, surgical robots are
anticipated to be employed in a broader spectrum of neu-
rosurgical specialties, improving the safety and efficiency
of surgical procedures [20]. These developments will
bring new opportunities for the clinical implementation
of robot-assisted surgery.

Conlusions

With this case, our epilepsy team has expanded knowl-
edge about cerebral sparganosis. In addition, it is worth
mentioning that in this case, for patients with symp-
tomatic epilepsy caused by cerebral sparganosis, the
proficient use of frameless stereotaxic neurosurgical
robot-assisted technology and collaborative teamwork
can be extremely helpful. It allows for accurate identifi-
cation and removal of epileptic lesions, leading to good
outcomes such as achieving seizure freedom without
neurological deficits.
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