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ABSTRACT

This article presents a case report detailing the endovascular management of severe
vasospasm in a 55-year-old patient following the rupture of a right posterior
communicating aneurysm. Initially presenting with a Fisher grade 4 subarachnoid

haemorrhage, the patient underwent embolization treatment, which resulted in good endovascular treatment,
condition. However, on the 9th day, the patient experienced a sudden deterioration, angiographic monitoring,
marked by severe vasospasm and neurological deficits. aneurysm embolization

Diagnostic procedures, including cerebral angiography, revealed extensive
vasospasm affecting multiple cerebral arteries. In response, endovascular therapy
was initiated, consisting of the intra-arterial administration of Milrinone and
Nimodipine. This intervention aimed to alleviate vasospasm and enhance cerebral
perfusion. Angiographic imaging post-intervention demonstrated significant

Corresponding author:

improvement in vascular perfusion, correlating with a rapid neurological response. Cosmin Clses

Notably, the patient exhibited immediate improvement in motor deficits and

dysarthria following treatment. Lucian Blaga University of Sibiu,
Romania

This case underscores the critical importance of timely recognition and
intervention in managing complications post-aneurysmal rupture, particularly severe
vasospasm, which poses significant risks of neurological sequelae. The successful
application of endovascular techniques, including chemical angioplasty, highlights
the evolving landscape of neurointerventional procedures in addressing complex
cerebrovascular pathology.

cindea.cos@gmail.com

The case further emphasizes the necessity of a multidisciplinary approach, involving Scan to access the online version
collaboration between neurosurgery, interventional radiology, and neurocritical care,
to optimize patient outcomes in cerebrovascular emergencies. Early detection,
prompt intervention, and vigilant post-procedural monitoring remain pivotal in
mitigating the risks associated with cerebral aneurysm rupture and its sequelae.

1. INTRODUCTION

Vasospasm following ruptured brain aneurysms represents a pivotal
challenge in neurocritical care, significantly affecting outcomes by
predisposing patients to delayed cerebral ischemia. This condition
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underscores the necessity of a nuanced
understanding of cerebral vasculature responses
post-rupture and the strategic application of
interventions to prevent ischemic complications. The
literature emphasizes the imperative of timely and
aggressive management strategies to improve
patient prognosis, focusing on the initial stabilization
of life-threatening conditions, meticulous control of
blood pressure, maintenance of fluid and electrolyte
balance, and the prophylactic administration of
nimodipine.

Early intervention is crucial, with strategies
encompassing the rapid repair of the ruptured
aneurysm via surgical clipping or endovascular
coiling to secure the aneurysm and prevent
rebleeding. Such prompt actions are supported by
studies showing the correlation between the timing
of treatment post-rupture and the incidence of
complications such as rebleeding, cerebral infarcts,
and mortality. Specifically, treatments administered
within the critical first hours after rupture can
significantly reduce the risk of subsequent vascular
events, highlighting the importance of early
diagnosis and intervention.

Beyond the initial surgical interventions, the
management of vasospasm involves a sophisticated
regimen of pharmacological agents aimed at
vasodilation to restore adequate cerebral blood flow.
Nimodipine, a calcium channel blocker, is widely
recognized for its efficacy in preventing vasospasm
and improving neurological outcomes. Its role is
augmented by the selective use of intraarterial
vasodilators, including papaverine, nicardipine, and
verapamil, particularly in refractory cases where
conventional treatments fail to alleviate the
vasospasm.

The utilization of vasodilators extends to a
diverse array of agents, each with specific
mechanisms of action tailored to counteract the
pathological constriction of cerebral vessels. Among
these, magnesium sulfate acts as a non-selective
calcium channel blocker and has neuroprotective
properties. Clazosentan, an endothelin receptor
antagonist, and milrinone, a phosphodiesterase |lI
inhibitor, represent newer therapeutic avenues
being explored for their potential to reduce
vasospasm-induced complications in clinical trials.

The literature review further explores chemical
angioplasty with milrinone and nimodipine as an
innovative treatment modality. This approach

targets the  underlying  pathophysiological
mechanisms of vasospasm, offering a multimodal
strategy to enhance cerebral vasodilation and blood
flow. Clinical studies have documented the
effectiveness of this therapy in reducing vasospasm
severity and improving neurological outcomes,
suggesting its value as a complementary treatment
in the neurocritical care arsenal.

The study by Labeyrie et al. on distal balloon
angioplasty emphasizes its efficacy in decreasing the
risk of delayed cerebral infarction, highlighting the
importance of endovascular interventions. Bashir et
al.'s work on intra-arterial nimodipine points to its
beneficial influence on clinical outcomes, reinforcing
the role of targeted pharmacological therapies.
These references, along with foundational research
like Aaslid et al.'s evaluation of cerebrovascular
spasm with Doppler ultrasound and Allen GS et al.'s
trial on nimodipine, underscore the multifaceted
approach required to manage vasospasm,
combining  diagnostic  precision, prophylactic
pharmacotherapy, and innovative endovascular
techniques to improve patient outcomes. Integrating
these findings into the management strategy
provides a comprehensive and evidence-backed
framework for treating vasospasm after brain
aneurysm rupture.

Safety considerations are paramount, with the
literature indicating that while these
pharmacological interventions are generally well-
tolerated, careful monitoring for potential adverse
effects, such as hypotension, is essential. The goal is
to achieve a delicate balance between therapeutic
efficacy and safety, optimizing dosing and
administration protocols to maximize patient
benefits while minimizing risks.

Future research directions are poised to refine
our understanding of vasospasm management, with
ongoing investigations into the optimal timing,
duration, and patient selection criteria for these
interventions. The evolution of treatment protocols,
informed by robust clinical evidence, promises to
enhance the quality of care for patients suffering
from the aftermath of ruptured brain aneurysms.

In sum, the management of vasospasm following
ruptured brain aneurysms encapsulates a
multidisciplinary  effort, integrating  surgical,
pharmacological, and supportive strategies to
mitigate the risk of delayed cerebral ischemia and
optimize patient outcomes. Through the judicious



application of established and emerging therapies,
the neurocritical care community continues to
advance the frontier of care for this complex and
challenging condition.

2. MATERIALS AND METHODS

Patient underwent comprehensive diagnostic
assessments upon admission to evaluate their
neurological status and identify underlying vascular
abnormalities. The diagnostic protocol involved
cerebral angiography to visualize the vascular
anatomy and embolization of the ruptured posterior
communicating aneurysm in the first case and
severe vasospasm following meningitis hemorrhage
in the second case.

Therapeutic interventions involved meticulous
preparation for endovascular procedures, including
femoral artery puncture and the insertion of
catheters and guides. In the first procedure,
platinum coil embolization via a coaxial system
occluded the aneurysm, followed by angiographic
confirmation. In the second procedure, intra-arterial
chemical angioplasty with Milrinone and Nimodipine
alleviated severe vasospasm, monitored through
angiographic  imaging.  Post-procedural care
encompassed manual femoral artery closure,
compressive dressing, and cerebral CT scans for
outcome assessment and complication detection.
Patients received intravenous Heparin bolus during
procedures to prevent thrombotic events.

3. CASE REPORT

3.1. Presentation in ED and embolization

A 55-year-old female known to have hypertension,
type 2 diabetes mellitus, presented to the emergency
department with a Fisher 4 subarachnoid
hemorrhage caused by rupture of the right posterior
communicating aneurysm. At admission, the patient
has a GCS of 15 without neurological deficits.

The patient was transferred to the interventional
neuroradiology unit, where cerebral angiography
with digital subtraction (DSA) was performed, which
revealed a ruptured giant posterior communicating
aneurysm. Embolization of the aneurysm was
performed with platinum coils, the intervention
proceeded without complications. Post-
procedurally, the woman woke up without
neurological deficits, with normal cardiovascular
values. Vasospasm prevention therapy with
Nimodipine was initiated.

Overcoming vasospasm

Figure 1. Cranio-cerebral native CT scan in the ED (a-b)
subarachnoid haemorrhage with quantitatively greater
extension at the level of the right sylvian fissure.

Figure 2. Digital subtraction angiogram (DSA) in lateral view of
the right internal carotid artery: (a) Giant posterior
communicating saccular aneurysm; (b) DSA control after
endovascular embolization with platinum coils.

3.2 Clinical deterioration on the 9th day

In the morning of the 9th day, the patient shows mild
fatigue. An interdisciplinary consultation is
requested for a complete neurological examination
which is normal, without changes. A native cranio-
cerebral CT scan is performed, which reveals a small
hypodense area at the right frontal sylvian level
(Figure 3a). A few hours later, the patient presents,
with progressive worsening, left hemiparesis, up to
hemiplegia and dysarthria. An emergency cranio-
cerebral MRI examination is performed, which
highlights an ischemic area in the territory of the
right middle cerebral artery (Figure 3b).

Figure 3. Brain imagistic investigations at the time of first
neurological symptoms onset: (a) Cranial CT scan performed as



Monica Manisor, Petru Coltea, Cosmin Cindea et al.

routine - the patient complains of mild fatigability; (b) Brain MRI
performed after the onset of left hemiplegia and dysarthria.

3.3 Chemical angioplasty with Milrinone and
Nimodipine for vasospasm therapy

DSA highlighted a severe vasospasm at the level of
the right carotid termination, right A1, segment M1
and M2 of the right Sylvian artery. The right sylvian
branches have a filiform appearance with very
delayed parenchymography.

(a) (b)

Figure 4. DSA in frontal view of the right internal carotid artery:
(a) Severe vasospasm at the level of the right carotid
termination, right A1, segment M1 and M2; (b) After the
selective intra-arterial injection of vasodilators, a reduction in
vascular spasm is observed with a netimprovement of cerebral
perfusion.

(b)

Figure 5. DSA in lateral view of the right internal carotid artery:
(a) Severe vasospasm at the level of the right carotid
termination, right A1, segment M1 and M2; (b) After the
selective intra-arterial injection of vasodilators, a reduction in
vascular spasm is observed with a net improvement of cerebral
perfusion.

4. DISCUSSION

The efficacy of chemical angioplasty using Milrinone
and Nimodipine in managing severe vasospasm
following the rupture of a posterior communicating
aneurysm has been a subject of significant research
interest. It is imperative to analyze how these
medications act synergistically to induce cerebral

vasodilation and improve cerebral blood flow,
leading to rapid symptom relief and enhanced
neurological recovery.

Timely recognition and intervention are
paramount in managing complications post-
aneurysmal rupture, particularly severe vasospasm.
Long-term neurological outcomes and follow-up
strategies for patients undergoing chemical
angioplasty require thorough evaluation. Continued
surveillance and monitoring, along with the potential
role of advanced imaging modalities and functional
assessments, are crucial in detecting and managing
any late complications or recurrence of vasospasm.

A multidisciplinary ~ approach involving
neurosurgery, interventional radiology, and
neurocritical care is essential for optimizing patient
outcomes. As highlighted by our example, a
coordinated multidisciplinary approach enables
comprehensive evaluation, timely intervention, and
vigilant post-procedural monitoring, ultimately
enhancing the quality of care and patient safety.

Comparing chemical angioplasty to traditional
management strategies raises important
considerations regarding efficacy, safety, and patient
outcomes. While Milrinone and Nimodipine have
shown promise in reducing the incidence of delayed
cerebral ischemia and facilitating functional
recovery, rigorous comparative studies are essential.
These studies would offer clearer insights into the
benefits of chemical angioplasty over standard
treatments, including the use of oral or intravenous
vasodilators and the implementation of Triple-H
therapy  (hypertension,  hypervolemia, and
hemodilution).

Considering the generalizability of findings from
case reports to broader clinical practice is essential.
Proposing avenues for future research, including
larger prospective studies and randomized
controlled trials, can further elucidate the optimal
timing, dosing, and patient selection criteria for
chemical angioplasty in managing vasospasm after
brain aneurysm rupture.

Exploring patient-specific factors that may
influence the response to chemical angioplasty is
necessary for personalized treatment strategies.
Additionally, addressing ethical and legal
considerations, enhancing patient education and
counseling, and understanding the mechanisms of
action of Milrinone and Nimodipine are vital aspects
of optimizing vasospasm management.



The exploration of genetic and molecular
biomarkers associated with vasospasm susceptibility
represents an exciting frontier in neurocritical care.
Such advancements could lead to tailored treatment
strategies that account for individual variability in
response to therapy. Additionally, addressing
disparities in treatment outcomes across different
patient populations could further enhance the
effectiveness  and  equity of  vasospasm
management.

5. CONCLUSION

This case underscores the critical need for timely
intervention in managing complications post-
aneurysmal rupture, particularly severe vasospasm.
Chemical angioplasty with Milrinone and Nimodipine
led to significantimprovements in vascular perfusion
and neurological deficits, reflecting advancements in
neurointerventional procedures. A multidisciplinary
approach involving neurosurgery, interventional
radiology, and neurocritical care proved vital in
optimizing patient outcomes. Early detection, swift
intervention, and  vigilant  post-procedural
monitoring are essential for mitigating risks
associated with cerebral aneurysm rupture and its
sequelae.
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Occipital intradiploic epidermoid cyst.

Case report

Daniela Arias Marifio, Alejandro Rojas Urrea, Lorena Garcia

Agudelo, Angie Liseth Garzon Pefiuela

Hospital Regional de la Orinoquifa, Casanare, COLOMBIA

ABSTRACT

Intradiploic epidermoid cysts are rare intracranial tumours, with an estimated
prevalence of less than 1% of all cranial tumours. Most of the intradiploic cysts are
asymptomatic; however, clinical findings consist of headache and tenderness. We
presented a case of a 21-year-old female who consulted the neurosurgery
department for a period of three years about a mass in the occipital region, which
was growing gradually. The patient was treated with surgical removal without
complications. Intradiploic epidermoid cysts are infrequent intracranial tumours that
primarily affect adults. This tumour has a wide spectrum of symptoms. Radiologic
findings on computed tomography (CT) and magnetic resonance imaging (MR) are
the cornerstone for the diagnosis, which is finally confirmed by histopathological
studies. Surgical management with a complete resection of the cyst and capsule is
the most commonly used treatment.

INTRODUCTION
Intradiploic epidermoid cysts are rare intracranial tumors, with an
estimated prevalence of less than 1% of all cranial tumors. (1) The origin
is controversial but generally attributed to congenital origin, with
defects in neural tube closure that give rise to inclusions of ectodermal
cells. The area’s most frequently affected are the frontal, parietal,
cranial sutures, and cranial bases (2, 3). These defects are more
common in men than women. (2, 4) In addition, epidermoid tumors
occur most likely in the third and fourth decades of life. (4)
Most of the intradiploic cysts are asymptomatic; however, clinical
findings consist of headache and tenderness. (3) Less common
symptoms include traumatic rupture, focal neurological signs,
intracranial hypertension, and seizures; furthermore, these findings are
most likely to be present in large cysts. (3) The definitive treatment is a
complete surgical resection, including the capsule to prevent
recurrence. (1, 3)

CASE REPORT

A 21-year-old female with no prior medical history consulted the
neurosurgery department for a period of three years of gradual
enlargement of a tumor in the occipital region. On a physical exam, a
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mass on the right occipital region was palpable and
had characteristics of soft texture and non-mobile
consistency.

Cranial computed tomography (CT) and brain
magnetic resonance imaging (MRI) conducted in
other health institutions revealed an osteolytic lesion
in the right occipital cranial diploe. This lesion,
located near the junction of the transverse sinus with
the sigmoid sinus at the ponto-cerebellar angle, did
not exhibit contrast enhancement. Additionally,
there is a potential presence of a fistulous trajectory.
The patient was treated with surgical removal. The
surgery commenced with making an incision in the
occipital region at the level of the superior nuchal
line, careful desperiotization, and decortication.
Subsequently, an intradiploic lesion was identified
and dissected until a complete lesion was achieved.
Various fistulous tracts were discovered along the
midline, which are necessary to be reamed and
resected. The cessation and occlusion of venous
bleeding originating from a tributary branch is
necessary. Ultimately, the bone deficiency is
remedied through the utilization of a circular plate
that is securely affixed in place using screws. The
treatment was successfully concluded without any
difficulties.

The patient received analgesic treatment, and a
control cranial CT reported post-surgical changes in
the right occipital region with osteosynthesis

material, edema, and emphysema of soft tissues in
the right occipital region (Figure 1).

Figure 1. A CT of the head showing a rounded area with well-
delineated sclerotic margins of bone destruction (green

arrows) and post-surgical changes with osteosynthesis
material covering the defect (red arrows).

A histopathological test confirmed the diagnosis of
an intradiploic epidermoid cyst (Figure 2). Finally, the
patient was discharged to continue outpatient care.

Figure 2. Hematoxylin-eosin staining of the tissue specimen
removed during the surgical procedure shows the presence of
a cyst with epithelial cells without atypia and containing
lamellar keratin compatible with an intradiploic epidermoid
cyst.

DiscussioN

Since the first description of an intradiploic cyst in
1922, there have been little more than two hundred
cases reported in the literature. (4, 5) The ectodermal
cysts have a capsule of stratified squamous
epithelium with keratin, cholesterol, and cellular
debris, and they do not include any dermal elements,
which is the main difference with dermoid tumors.
)

Regarding diagnosis, a CT scan or MR images are
the cornerstone to detecting this rare anomaly. In a
CT scan, they have low density, so they are
hypodense without any enhancement. (5) The MRI
can report hypointense lesions in T1, hyperintense
lesions in T2, and fluid-attenuated inversion recovery
(FLAIR) without enhancement upon application of
intravenous contrast. According to Law EK et al.
(2015), epidermoid and cysts can have atypical
imaging findings, being able to be T1 hyperintense
and T2 hypointense with a lack of restricted



diffusion. (6) The opposite pattern of a typical
epidermoid cyst can be present due to the T1 and T2
weighted MRI signals being strongly influenced by
protein content, which also explains the lack of
restricted diffusion. (6)

The radiological differential diagnoses include
primarily dermoid cysts and arachnoid cysts;
abscesses and metastasis are less frequent. (6, 7)
Classically epidermoid cysts are described as soft
lessons that are conforming brain structures or
insinuating between them with the classic T1-
hypointense and T2-hyperintense patterns. (7) On
the other hand, arachnoid cysts are isointense with
the cerebrospinal fluid (CSF) in all sequences, and
they do not restrict on diffusion-weighted images.
The dermoid cysts are usually located along the
midline and appear like fat, not CSF. (7) The definitive
diagnosis is by histopathological study, which
reported stratified epithelium that it is desquamative
on keratin. (1) Our patient’s lesion showed these
histopathological findings, confirming the diagnosis.

The optimal course of treatment is a surgical
approach that prioritizes the excision of the cyst and
full tumour capsule. This procedure aims to alleviate
brain congestion and facilitate subsequent
histopathological examinations. Certain tumors have
intracranial involvement  affecting  various
intraparenchymal structures, resulting in incomplete
resection. (8,9,10) The recurrence rate ranges from
1% to 54% and can potentially be mitigated by
devitalizing the remaining capsule fragments during
the surgical procedure. (11)

CONCLUSION

Intradiploic epidermoid cysts are infrequent
intracranial tumours that primarily affect adults
within the age range of the second to fourth decades
of life. This tumour has a wide spectrum of
symptoms. Radiologic findings on CT and MR are the
cornerstone for the diagnosis, which is finally
confirmed by histopathological studies. Surgical
management with a complete resection of the cyst
and capsule is the most commonly used treatment.

Occipital intradiploic epidermoid cyst

Abbreviations

CSF: cerebrospinal fluid

CT: computed tomography

FLAIR: fluid-attenuated inversion recovery
MRI: magnetic resonance imaging
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ABSTRACT

Background: Langerhans cell histiocytosis is an uncommon proliferative histiocytic
disorder which can affect any organ. It is common in children and can rarely occur in
adults. In the central nervous system, the hypothalamic-pituitary axis is most
commonly involved. Brain parenchyma is rarely affected.

Case summary: We report a case of a 13-year-old male who presented with chief
complaints of headache and swelling over the right frontal region. On imageology, a
clinical diagnosis of meningioma was considered. The tumor was excised and on
histopathological examination diagnosis of Langerhans cell histiocytosis was
considered

Conclusion: Intracranial Langerhans cell histiocytosis is a rare condition which can
mimic primary neoplasms of the central nervous system such as glioma, meningioma
and metastatic deposits on imageology. Histopathology is the gold standard for
diagnosis.

INTRODUCTION

Langerhans cell histiocytosis (LCH) is a rare disease caused by clonal
proliferation of myeloid precursors which differentiates into
(CD)1a+/CD207+(Langerin) cells in lesion. [1] It commonly affects the
children with incidence of 4 - 5 cases/ year/ million children with age
less tha15 years. [2]

Incidence in adults is reported as 1-2/ million adults/ year. [3] LCH can
affect any system or organ, but most frequently affects bone, lung, skin,
spleen, liver, pituitary, lymph nodes, hematopoietic system and central
nervous system. [4] Most common location of intracranial LCH is
hypothalamic-pituitary axis and the brain parenchyma is rarely
affected. [5] We are presenting a case of LCH involving brain
parenchyma at the right frontal convexity and adjacent frontal bone
which was clinically diagnosed as meningioma on imageology.

CASE REPORT

A 13 years old male patient presented with chief complaints of head
ache and swelling over the right frontal region of head since 1 month,
which was gradually increasing in size. There was no history of fever,
trauma, ear or nose bleed/ vomiting/ blurring of vision, speech and
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smell disturbances. General examination revealed
pulse rate - 81/minute, blood pressure- 118/80mm
Hg, respiratory rate - 141/min. Glasgow Coma Scale
(GCS) scored 15 (E4V5M6). Haematological
investigations were with in normal limits.

MRI with contrast study revealed well defined
extra axial dural based altered signal intensity lesion
measuring 3.2X1.6cms involving right frontal
convexity, parasagittal location. The lesion is
heterogeneously iso intense to grey matteron T1, T2,
FLAIR showing peripheral restricted diffusion with no
evidence of blooming. Peripheral post contrast
enhancement with dural tail is present. Lesion is
infiltrating lateral wall of superior sagittal sinus and
mildly extending across midline to left side. Adjacent
frontal bone is also involved by lesion. Based on the
above findings radiological diagnosis of meningioma
was considered.

Patient underwent right frontal craniotomy with
excision of tumor. We received 2 grey brown soft
tissue bits together measuring 1.3X0.5X0.5cms.
Microscopic examination revealed lesion composed
of sheets of histiocytes surrounded by eosinophils
and lymphocytes (Figure 2). Histiocytes have
moderate to abundant pale eosinophilic cytoplasm
with elongated nuclei and indistinct nucleoli. Some of
them show prominent nuclear grooves (Figure 3).
Immunohistochemistry (IHC) showed histiocytes
with  cytoplasmic positivity for Langerin and

membranous positivity with CD1a. Morphology and
IHC favoured diagnosis
histiocytosis

of Langerhans cell

Figure 1. MRl scan
showing well
defined extra axial
iso intense lesion
broad base
towards dura
noted infrontal
convexity showing

peripheral
enhancement.
DISCUSSION
LCH is an uncommon disease involving

hypothalamic-pituitary axis in brain, but involvement

Solitary intracerebral Langerhans cell histiocytosis

of the brain parenchyma is infrequent. According to
the reviewed literature less than 30 cases have been
reported in Pub med data base. [5] The etiology of
LCH is still unknown. The histiocytic cells in this lesion
stain positive for CD1a and S100 and also form
Birbeck granules which is similar to that of

Langerhans cells, a specialized dendritic cells found
in mucosa and skin. But these cells do not exhibit
morphology of dendritic cells. [6]

Figure 2. Lesion composed of sheets of histiocytes surrounded
by eosinophils and lymphocytes (H&E,X100).
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Figure 3. Lesion composed of sheets of histiocytes surrounded
by eosinophils and lymphocytes. Histiocytes have moderate to
abundant pale eosinophilic cytoplasm with elongated nuclei
and some of them are showing nuclear grooves (H&E,X400).

LCH is a disease entity composed of 3 distinct clinical
syndrome  with indistinguishable  histology
characterized by presence of Langerhans cells which
stain positively with S-100 and CD1a. Clinical
syndromes include Hand Schuller-christian disease,
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Letterer-Siwe disease and Eosinophilic granuloma.
Hand-Schuller-christian disease is characterised by
extraskeletal involvement of reticuloendothelial
system and multifocal bone lesions. Lettere-Siwe
disease is characterized by disseminated
involvement of reticuloendothelial systems and has
fulminant course in children with age less than 2
years. Eosinophilic granuloma are seen in 5 - 15
years old patients and are limited to bone.
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Figure 4. Immunohistochemistry showing membranous
positivity with CD1a (CD1a,X400).
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Figure 5. Immunohistochemistry showing
positivity with Langherin (Langherin,X400).

cytoplasmic

Pathogenesis of LCH is controversial. Cell of origin of
LCH is not the Langerhans cell, but a myeloid
dendritic cell which expresses CD1a and CD207.
Some studies suggest that LCH is a reactive disorder
as there was increase in levels of various cytokines in
the blood of patients, which indicates possibility of
immune response. There were also upregulation of
genes associated with T cell recruitment and
regulatory T cell expansion. [7] However recent
evidences suggest that LCH is a myeloid neoplasia.
Many studies have suggested that the oncogenic

BRAF V600OE mutation was found in high percentage
LCH cases in children. Cases with these mutations
were having increased relapse. [8,9] LCH patients
with BRAF mutations are associated with more
aggressive form of disease and poor short term
response to therapy. [10]

According to the literature, intracranial LCH are
mostly part of systemic disease and only 40% of
intracranial LCH are solitary, isolated to brain. [11]
Patients presented with headache, polyuria and
polydipsia indicating diabetes insipidus in patients
with tumors infiltrating posterior pituitary, gait
disturbances or ataxia, nausea and/or vomiting,
visual impairment and seizures. Other rare
symptoms were lethargy, anorexia, and chronic
eczema. [12]

Imaging characteristics of LCH on Magnetic
Resonance Imaging (MRI) are isointense on T1
weighted MRI and iso to hyper intense on T2
weighted images. On post contrast MRI, lesion is
diffusely and homogenously enhancing. On Contrast
Tomography (CT) imaging, lesion appears isodense
and presents as destructive lesion when involving
bone. [12]

Histopathological examination of the lesion is
required for the diagnosis. Differential diagnosis of
LCH are juvenile Xanthogranulomatosis, Erdheim
Chester disease and Rosai Dorfman disease. Juvenile
xanthogranulomatosis is a benign lesion often
affecting the skin. Histiocytic cells in this lesion are
CD68 positive, negative for S-100 and CD1a. They
also do not have Birbeck granules. Erdheim Chester
disease is characterised by fibrosis surrounding the
histiocytes which are positive for CD68 and CD 163
but are negative for CD1a. In Rosai Dorfman disease,
multinucleated histiocytes with emperipolesis are
seen. Histiocytes in this lesion are S-100 positive and
negative for CD1a or CD207. [13]

No specific treatment has been suggested but
therapeutic measures implemented were surgical
resection, with low dose radiotherapy and
combination chemotherapy. [11] Prognosis depends
on initial presentation of disease. If the presentation
is low risk with isolated involvement of skin,
lymphnodes, or pituitary gland, then the mortality is
low and is less than 5%. If presents as high-risk
disease involving liver, spleen, bone marrow or
skeleton, mortality is 50% or more with more wide
spread disease. [14]



CONCLUSION
Intracranial LCH is a rare condition which can mimic
primary CNS neoplasms such as glioma,

xanthogranuloma, meningioma on imaging and
should be considered as one of the differential
diagnosis in children. Histopathological examination
is the gold standard for diagnosis. Standard
treatment protocol is not available due to limited
data.
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ABSTRACT

Neurosarcoidosis, a rare inflammatory condition, poses a diagnostic challenge due to
its various clinical presentations and potential mimics. This comprehensive review
delves into the complexities of neurosarcoidosis, emphasizing the importance of a
thorough diagnostic workup and the consideration of alternative conditions, such as
fungal mimics. The study explores the intricacies of the diagnostic process,
particularly the role of histopathology, imaging, and laboratory tests. The current
state of neurosarcoidosis management is examined, such as the use of
corticosteroids as well as novel therapies including Rituximab and JAK-STAT
inhibitors. The clinical spectrum is described in detail for both the peripheral and
central nervous systems, offering insights into the many presentations, which include
ocular manifestations and syndromes like Heerfordt's syndrome. The complexities of
neurosarcoidosis necessitate further research in its diagnosis, pharmacotherapy, and
management. The inclusion of information on ongoing research and clinical trials
underscores the need for tailored therapeutic approaches.

INTRODUCTION

Sarcoidosis is an inflammatory condition that affects multiple systems
and is identified by the development of granulomas, which can emerge
in various organs. Neurosarcoidosis, which involves the nervous
system, impacts 5-10% of individuals and has the potential to result in
severe consequences [1-5].

Typical manifestations of neurosarcoidosis encompass cranial
neuropathies, leptomeningeal disease, intraparenchymal lesions, and
myelitis. Nevertheless, there have been documented instances of initial
presentations involving stroke, seizures, cerebral vasculopathy,
intracranial masses, hypopituitarism, neuropsychiatric symptoms, and
encephalopathy [1,2]. Neurosarcoidosis frequently impacts the
pulmonary system, lymph nodes, eyes, and skin as the most common
systemic sites affected in patients [1].
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Neurosarcoidosis: overview of management and differentiation from fungal aetiologies

Diagnosing the condition can be challenging
because of the diverse range of clinical symptoms,
the fluctuating nature of concurrent systemic
ailments, and the difficulties in obtaining a central
nervous system (CNS) biopsy for a conclusive
diagnosis. To diagnose neurosarcoidosis, according
to existing guidelines, the patient should exhibit a
neurological clinical presentation consistent with the
condition, and other potential causes must be ruled
out. Patients meeting these criteria can be
categorized as having a "possible" diagnosis of
neurosarcoidosis®.

A biopsy revealing granulomatous inflammation
is required to diagnose definite neurosarcoidosis (via
nervous system biopsy) and probable
neurosarcoidosis (via biopsy of a systemic site).
However, this alone is not conclusive for diagnosis,
as various granulomatous diseases, including
infections, autoimmune conditions, and neoplastic
disorders, can mimic sarcoidosis and initially
respond to corticosteroid treatment. In cases where
patients with a confirmed diagnosis of systemic
sarcoidosis undergo cranial neuropathies or exhibit
leptomeningeal disease indicative of
neurosarcoidosis, there is a potential risk of
overlooking other possible causes. It is crucial to
recognize that these patients do not automatically
fulfill the criteria for "probable" neurosarcoidosis
without considering mimicking conditions. Other
potential diagnoses, such as atypical infection and
malignancy, especially in light of treatment-related
complications, should be taken into account.

Common mimics of neurosarcoidosis include
tuberculosis,  cryptococcus, primary  angiitis,
granulomatosis with  polyangiitis, 1gG4-related

disease, and primary central nervous system
lymphoma. Fundamentally, any granulomatous
infections infiltrating the central nervous system can
imitate  neurosarcoidosis.  These infections
encompass atypical bacteria (such as mycobacterial,
syphilis, Whipple's disease, brucellosis, nocardiosis,
and actinomycosis), fungi (including aspergillosis,
cryptococcosis, and endemic mycoses), and
parasites (such as toxoplasmosis, schistosomiasis,
neurocysticercosis, and toxocariasis)”?.

Although many of these infections are
uncommon and demand a heightened suspicion for
diagnosis, it is crucial to rule them out before
initiating  immunosuppressive  therapies. A
comprehensive exposure history and examination

can guide diagnostic testing. Notably, mycobacterial
and fungal infections frequently mimic sarcoidosis
and should be assessed in all individuals suspected
of having neurosarcoidosis.

Several current randomized controlled trials
(RCTs) are assessing novel therapeutic compounds,
innovative targets for treatment, and alternative
regimens to steroids in sarcoidosis, and several of
them have shown positive results in early phases®®.

CLINICAL PRESENTATION

The presentation of neurosarcoidosis is known to be
quite variable and non-specific, which may make
diagnosing  this  disease  difficult.  Firstly,
neurosarcoidosis can affect either the central
nervous system (CNS), the peripheral nervous
system (PNS), or both™. The most frequent
manifestations are onset of cranial nerve-palsies and
neuropathies; however, other manifestations
include aseptic meningitis, parenchymal brain
lesions,  hydrocephalus, headache, seizure,
neuropsychiatric abnormalities, neuroendocrine
dysfunction, myelopathy, and peripheral
neuropathy'®". Fritz et al. reported that, in a meta-
analysis and systematic review, 55% (572/1047) of
patients with neurosarcoidosis presented with
cranial neuropathy, and of the cranial nerves, the
facial nerve (24%) and optic nerve (21%) were
involved the most frequently’. It was similarly
reported that sensory and motor abnormalities
(hemiparesis, paraparesis), spinal cord
abnormalities, and PNS involvement
(polyneuropathy, myopathy) are other common
presenting features. Sarcoidosis-associated facial
nerve palsy may be unilateral or bilateral®'%'8, Other
studies have reported that approximately 50% of
cohorts reported CNS involvement and that
potentially affected areas include brain parenchyma
with multiple masses as well meninges with
hypertrophic pachymeningitis; vascular disease with
associated stroke also may be an affect area but is
rare', Clinical symptoms may manifest in an acute
fashion or progress chronically; however,
spontaneous regression is more common than
progressive neurological deterioration®'44,

The main CNS clinical manifestations of
neurosarcoidosis can be further divided into the
various systems affected: brain, spinal cord, and
meningeal disease'. Brain involvement can be
differentiated into parenchyma manifestations,
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which may result in the symptoms such as
headaches, hormonal disturbances, SIADH, focal
deficits, behavioral/cognitive changes, seizures,
visual changes, and vascular manifestations, which
may result in the symptoms such as strokes,
confusion, and cognitive impairment. Meningeal
disease can similarly present with symptoms such as
headaches, cognitive changes, gait dysfunction, and
hydrocephalus; spinal cord manifestations can also
similarly present with symptoms such as gait
changes, sensory changes, weakness, and
bowel/bladder disturbances.

Conversely, the main PNS clinical manifestations
can be further divided into various neuropathies,
namely, cranial neuropathy, small fiber neuropathy,
and large fiber neuropathy'. Cranial neuropathy
may present as symptoms such as anosmia,
decreased visual acuity, facial numbness, hearing
loss, dysarthria, dysphagia, and hiccups*#¢. Small
fiber neuropathy may cause painful paresthesia and
dysautonomia (Gl, orthostasis), whereas large fiber
neuropathy may cause polyneuropathy,
mononeuritis multiplex, radiculopathy, plexopathy,
paresthesia, weakness, and gait disturbance. Figure
1 depicts the various clinical manifestations of
neurosarcoidosis.

Glinical Manifestations of

Figure 1. Clinical Manifestations of Neurosarcoidosis.

One syndrome highly suggestive of sarcoidosis is
Heerfordt's syndrome, a cranial neuropathy
(primarily facial nerve) with uveitis, parotid-gland
enlargement, and fever*#8, Additionally, Horner
syndrome, Argyll-Robertson pupil, and Adie's pupil
has been described in sarcoidosis*4%52, Another
common ocular manifestation of neurosarcoidosis is
optic neuritis which typically presents with blurred
vision, a change of color vision, or visual field
deficit’®", Optic neuritis related to neurosarcoidosis
is a neuro-ophthalmic emergency because it may
result in permanent vision loss if there is no

immediate intervention. Additionally, common
findings indicating neurosarcoidosis on
ophthalmologic examination include papilledema or
optic nerve head edema'".

FUNGAL MIMICKERS

Rare in non-immunodeficient individuals and more
present in immunocompromised patients, central
nervous system (CNS) fungal infections have the
following main etiologies: mucormycosis, endemic
mycoses, Aspergillus meningitis (Aspergillosis), and
Cryptococcal meningitis (C. gattii, C. neoformans)>.
Manifestations of CNS fungal infections involve
intracranial granuloma formation, a central clinical
finding in neurosarcoidosis presentation®. In that
regard, it is essential to rule out fungal mimics when
a patient presents with neurosarcoidosis symptoms
for effective treatment.

Mucormycosis (Apophysomyces)

Mucormycosis is an infrequent fungal infection that
occurs in individuals with compromised immune
systems, with the rhinocerebral variant being the
most prevalent form of presentation®s, Patients with
rhinocerebral mucormycosis exhibit symptoms such
as fever, lethargy, black nasal secretions, headache,
orbital pain, orbital cellulitis, proptosis, and may
experience sudden vision loss, often accompanied
by a characteristic necrotic ulcer in the palate or
nasal mucosa. Additionally, they may display signs of
palsies involving cranial nerves lll, IV, V, and VI, such
as ptosis, mydriasis, diplopia, and loss of sensation
on the ipsilateral side of the face due to local
infiltration into the cavernous sinus. While facial
paralysis is a rare occurrence, it has been reported in
the past®. Sarcoidosis, which can manifest as basal
meningitis, brainstem and hypothalamus
parenchymal involvement, cranial neuropathies, and
is associated with systemic features like erythema
nodosum and pulmonary symptoms, can mimic
mucormycosis®’.

Endemic Mycoses

Coccidioides species belong to the dimorphic fungi
category within the Ascomycete division®®. The two
species identified as causing human disease are
Coccidioides immitis and Coccidioides posadasii>®®,
While most individuals infected with
coccidioidomycosis do not show symptoms, those
who do experience symptoms typically exhibit mild
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flu-like manifestations, muscle and joint pain, rash,
and pulmonary symptoms®®'.  Disseminated
coccidioidomycosis is observed in around 1% of
infected individuals, and its most severe
manifestation is meningitis®. Central nervous
system (CNS) involvement can happen in as many as
50% of individuals experiencing disseminated
coccidioidomycosis, typically emerging within weeks
to months after the primary infection®. The
prevalent manifestation is basilar meningitis, which
might be accompanied by complications like
hydrocephalus and vascular infarcts®'%3, Failure to
recognize CNS coccidioidomycosis promptly can
have severe consequences; hence, early
identification and treatment are crucial to minimize
mortality and morbidity®’.

After analyzing 71 cases of coccidioidal
meningitis, it was observed that 42% were
immunocompromised, and 45% reported a prior
illness indicative of pulmonary coccidioidomycosis®?.
The primary symptom of CM is typically a headache,
accompanied by other symptoms such as fever, neck
stiffness, nausea, and vomiting®®2, In rare instances,
patients may undergo changes in personality,
cognitive abnormalities, decreased consciousness
levels, and focal neurologic symptoms. Notably, in
50% of «cases, an MRl may reveal no
abnormalities®>%%%4, A positive cerebrospinal fluid
(CSF) culture for Coccidioides or the presence of CSF
coccidioidal IgG antibodies is nearly confirmatory for
coccidioidal meningitis. The most dependable
diagnostic tests include serology using ELISA for
initial screening, followed by immunodiffusion tests
forIgM and IgG, and complement fixation for 1gG>2°,
In cases where results are inconclusive, but suspicion
remains high, polymerase chain reaction (PCR) of CSF
can assist in confirming the diagnosis of
coccidioidomycosis®>%. Additionally, the utilization of
1,3-Beta-D-Glucan testing in CSF may serve as a
valuable tool for excluding CM, particularly in
immunocompromised patients with potential delays
in antibody production®”8,

Aspergillosis

The increased concern for CNS Aspergillosis infection
is present in both immunocompromised and
immunocompetent individuals. Like Cryptococcal
meningitis, Aspergillus meningitis is recognized as
one of the most common CNS fungal infections.
More prevalent in immunocompetent patients than

immunocompromised, the infection can be detected
through PCR methodology of collected CSF®.
Although fungal cultures of collected CSF can be
used, they are not the most effective detection
method as they tend to be negative in 70% of
Aspergillus meningitis infections’.

Cryptococcal meningitis

Cryptococcal meningitis is a cerebral infection
resulting from the presence of the fungus
cryptococcus, either in the form of Cryptococcus
neoformans or Cryptococcus gattii. It stands out as one
of the common causes of meningitis, especially in
individuals with compromised immune systems,
particularly those affected by Human
Immunodeficiency Virus/Acquired Immune
Deficiency Syndrome (HIV/AIDS)"".

Typical meningeal symptoms like headaches and
neck stiffness are commonly observed in classic
cryptococcal  meningitis. However, additional
systemic indications of widespread infection, such as
pneumonia and dermatological symptoms, may also
manifest’’. Consequently, it is crucial to assess
immunocompetent patients with subacute to
chronic meningitis for the presence of Cryptococcus
neoformans. While serum cryptococcal antigen and
radiographic imaging aid in identifying CM, a lumbar
puncture is indispensable for a definitive
diagnosis’"’2. Elevated opening pressure during the
lumbar puncture, predominantly mononuclear cells,
the visualization of encapsulated yeast using India
ink, and a positive CSF culture of the organism are
characteristic findings that confirm the diagnosis’2.

Invasive cryptococcosis involves two fungi, C
neoformans and C. gatti, both of which are
encapsulated yeasts. Notably, C. neoformans is linked
to immunocompromised hosts, while C. gatti is
known to occur in individuals with intact immune
systems’374, Cryptococcus species tend to affect the
central nervous system, especially in individuals with
compromised immune systems, owing to their
numerous virulence factors. Nevertheless, the
occurrence  of  cryptococcal meningitis  in
immunocompetent patients remains challenging to
elucidate. Potential reasons for this occurrence may
include exposure to a highly pathogenic strain of
Cryptococcus, a significant level of exposure to the
pathogen, or subtle and undetectable immune
deficiencies. These deficiencies could be linked to
factors such as alcoholism, diabetes mellitus, or
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autoimmune conditions. In immunocompetent
individuals, the cryptococcus species are more
inclined to lead to pulmonary cryptococcosis
compared to immunocompromised individuals.
Likewise, neuroimaging results are more confined
and may involve hydrocephalus in
immunocompetent patients’374,

The clinical presentation of cryptococcal
meningitis in immunocompetent patients typically
exhibits characteristic features like fever, stiff neck,
headache, vomiting, or altered mental status. This
contrasts with immunocompromised individuals,
who typically display only subtle clinical features’.
Imaging may reveal observations such as cerebral
infarction, granulomas, and pseudocysts. One case
report described a case involving a 29-year-old
immunocompetent woman with no known

comorbidities, experiencing intermittent headache
and vomiting. Ultimately, she was diagnosed with
cryptococcal meningitis. Despite her neuroimaging
results deviating from the typical findings in CM
cases, the diagnosis was confirmed through a
cryptococcal antigen test. The neuroimaging results
did not indicate the presence of hydrocephalus;
instead, they revealed a ring-enhancing lesion
resembling the characteristics observed in the
colloidal vesicular stage of neurocysticercosis.
However, contrary to the favorable prognosis
indicated in the literature, she passed away during
her hospitalization.

Table 1 lists the fungal mimics of
neurosarcoidosis including similarities to
neurosarcoidosis and distinct features.

Shared CNS features Shared systemic features Distinguishing features Diagnostic testing
Tuberculosis « Predilection for * Pulmonary + More likely to e CSF AFB smear,
the skull base disease cause clinical culture and
(basilar * Lymphadenopathy meningitis, basilar PCR
meningitis) ® Ocular exudates on
e Leptomeningeal inflammation neuroimaging,
enhancement « Constitutional caseating
e Cranial symptoms granulomas on
neuropathies e Arthropathy biopsy
e Dural masses
e Initial steroid
response
Cryptococcus & Leptomeningeal * Pulmonary + More likely to &  Serum
enhancement disease cause meningitis cryptococcal
e Cranial * Lymphadenopathy and hydrocephalus antigen testing
neuropathies e Ocular * Pulmonary by LAF CSF
® Dural masses inflammation presentation can culture
= Initial steroid * Constitutional cause acute
response symptoms pneumonia or
ARDS
PACNS e White matter * No systemic * No systemic e CNS biopsy
lesions features features
= Leptomeningeal * More likely than
enhancement neurosarcoidosis to
e Vasculitis with cause CNS
noncaseating wvasculitis
granulomas on
biopsy
e Steroid response
GPA e White matter e Pulmonary e More likely to e Biopsy of CNS
lesions disease cause diffuse or other
* Steroid response * Lymphadenopathy alveolar systemic organ
= Pachymeningeal s Ocular hemorrhage, = ANCA, anti-
enhancement inflammation rapidly progressive MPO, anti-PR3
e Ocular e  Sinusitis glomerulonephritis,
inflammation e Constitutional vasculitic skin
symptoms rashes
e  Arthropathy
IgG4-RD - Pachymeningeal - Lymphadenopathy - More likely to - CNS biopsy,
enhancement e Ocular cause pancreatitis, staining for
e Intraparenchymal inflammation with retroperitoneal 1gG4 plasma
mass or without fibrosis, and kidney cells, looking
- Cranial pseudotumor infiltration for evidence of
neuropathies e Sinusitis + Vasculitis more storiform
e Steroid response e Constitutional frequently seen fibrosis and
symptomsl obliterative
phlebitis

Table 1. Fungal mimics of neurosarcoidosis with shared and distinguishing features.
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OVERVIEW OF MANAGEMENT

Diagnostic workup

Neurosarcoidosis is an inflammatory disorder that
clinically manifests in multiple body systems,
identified by the presence of non-caseating
granulomatous lesions®. Retrospective studies and
case reviews have demonstrated that approximately
half of patients with systemic sarcoidosis likewise
have neurological symptoms, demonstrating the
distinct need for a full neurosarcoidosis workup
when assessing patients in clinical settings’®”’.
Patients with neurosarcoidosis experience lesions
and subsequent dysfunction of nerve, brain, spinal
cord, meningeal, and muscular tissue, resulting in
common findings of frequent headaches, ataxia,
visual disturbances, facial nerve palsy, fatigue, and
somato-sensory disturbances”. Diagnosis is difficult
due to the myriad possible causes of
granulomatosis, including bacterial CNS infections,
inflammatory diseases, and lymphomas*. As a result,
ruling between differential diagnosis and definite
neurosarcoidosis necessitates the identification of
accordant clinical scenarios, histological
determination of non-caseating granulomas in
tissue, and imaging/laboratory testing supporting
diagnosis, as noted by Zajicek et al®.

Presenting
neurological
symptoms

Confirmed CNS
Involvement via imaging
and CSF analysis

ystemic Sarcoidasis assessed vid
PET/CT Scan or tissue diagnasis

No

s malignancy ruled out via
immunohistochemistry or
eultures?

Pursue brain or
leptomeningeal

No

Search for othar
causes

Cnm |u('possibLe) (ulsue mil\gnan:le (Tnntfor'ddmne‘)
it s i P 5is

Figure 2. Neurosarcoidosis workup.

The 1999 joint statement on sarcoidosis by the
American Thoracic Society (ATS), the European
Respiratory Society (ERS), and the World Association
of Sarcoidosis and Other Granulomatous Disorders
(WASOG) established the primary diagnostic and
treatment  modalities for sarcoidosis and
subsequent neurosarcoidosis’®. More recently, the
Neurosarcoidosis Consortium Consensus Group
leveraged novel guidelines for diagnosing
neurosarcoidosis, suggesting ‘possible,’ ‘probable,
and ‘definite’ diagnostic criteria for diagnosis’®. Stern

et al. proposed a ‘possible’ neurosarcoidosis
diagnosis  in  situations  with  established
clinicoradiological findings but lacking histological
evidence; a “probable” diagnosis when existing
clinicoradiological results are supported by
pathologic indication of granulomatous disease; and
‘definite’ for instances where nervous system biopsy
confirms neurosarcoidosis’®. Figure 2 illustrates the
workup for neurosarcoidosis.

Imaging

Clinical disease manifestations in patients most
commonly appear as cranial neuropathies, optic
neuropathies, endocrine/hypothalamic dysfunction,
seizures, meningitis, myelopathies, myopathy,
peripheral neuropathy, and intracranial masses’.
Subsequent imaging for diagnosing
neurosarcoidosis involves the usage of computed
tomography (CT) and Gadolinium-enhanced
magnetic resonance imaging (MRI), the latter being
the current gold standard for assessing the brain
parenchyma, meninges, and spinal cord®, The most
common MRI finding is basilar leptomeningeal
involvement, presenting as diffuse thickening of the
dural meninges; but focal masses, persistent
pseudotumor changes, and involvement of
hypothalamus/pituitary and cranial nerves are also
noted in neurosarcoidosis®®2, CT scans may show
hydrocephalus, intracranial calcification, and
enhancing nodules, but they lack the sensitivity of
MRI modalities’.

Due to the multi-organ nature of sarcoidosis and
subsequent neurosarcoidosis, chest radiography is
an indicated tool for ruling out pulmonary disease,
as the lungs are the most affected organ, and most
frequently present with hilar lymphadenopathy’683,
Although the decreased sensitivity of chest
radiographs presents an inherent drawback in
diagnosing neurosarcoidosis, chest radiography was
involved in correct diagnoses 71% of the time in
observational cohort studies by Zajicek et al®. The use

of  fluorodeoxyglucose positron emission
tomography (FDG-PET) can likewise assist in
differentiating granulomatous lesions in

neurosarcoidosis from potential malignancy and
have been noted as a more useful modality for
targeting hypermetabolic lesions for biopsy than CT
and MR These modalities are seldom used,
however, due to their limited availability and cost. To
be noted, the use of Gallium-67 scintigraphy and
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similar radioisotopic imaging studies have been
noted within the literature; these studies can aid in
detecting perfusion defects indicative of diminished
circulation, as well as sarcoidosis of the lacrimal and
parotid glands denoted as the “panda sign"78%2,

Laboratory and CSF studies

Those who are suspected of neurosarcoidosis
should have a cerebral spinal fluid (CSF) analysis.
While the CSF analysis is not very specific to
diagnosing neurosarcoidosis, the testing could be
potentially helpful to determine if there is a
malignancy or infection that is mimicking the clinic
manifestations of neurosarcoidosis'?8,
Abnormalities in the CSF are a frequent occurrence
in neurosarcoidosis, with one study finding CSF
abnormalities in over 80% of cases®>. Commonly
found elevated in the CSF of patients with
neurosarcoidosis was an increased ratio of
lymphocytes C4/CD8 of greater than 5%. Proteins
levels, IgG levels, and glucose levels are either
normal or low'#, Angiotensin converting enzyme
(ACE) is often used in terms of raised protein levels,
however the significance of the raised ACE levels in
the CSF is yet to be understood>'.

Studies have shown that ACE has low specificity
and sensitivity for neurosarcoidosis and the levels of
ACE in CSF are not likely a key player in diagnosing
neurosarcoidosis®®’, Another component that may
also be taken into account when making a diagnosis
is the elevated levels of CSF interleukin 2 receptor.
Petereit et al. found that the increase in the levels of
interleukin 2 receptor in CSF was associated with the
disease activity®>. Overall CSF analysis could
potentially be useful in eliminating other diagnoses,
but it does not provide a definitive answer for the
diagnosis of neurosarcoidosis. The continued
advancement of medical technologies and research
have produced novel techniques for improving
neurosarcoidosis diagnosis. Future considerations
for physicians should include multiplex or broad-
range universal PCR and agnostic metagenomic
next-generation sequencing for use in specialized
laboratory settings; these emerging diagnostic
modalities have demonstrated promise in improving
diagnosis compared to standard CSF culture'*,

Histopathology

Biopsy of leptomeningeal tissue is pursued when
assessing a patient for neurosarcoidosis; however,

due to the high-risk and invasive nature of targeting
brain and intracranial tissue, it is often not
performed’®. Nevertheless, brain or cerebrospinal
meningeal biopsy remains the gold standard for
confirming a definite neurosarcoidosis diagnosis®.
Peripheral nerve biopsies are also used for patients
who may have diabetes mellitus to rule out the role
of diabetes in the diagnosis, due to the similarity in
symptomatology and the possibility of patients
without symptoms’®.

Another option that was previously available was
the Kveim-Siltzbach test or Kevin skin test. This
modality involves inoculating a patient with a
sarcoidal spleen tissue intradermally for about 5to 6
weeks after which a skin biopsy is taken®. The test
was found to have a high specificity of 95% for
neurosarcoidosis and also a sensitivity of 79%%°.
However, the Kveim skin test is not used anymore
due to safety concerns over the transmission of
diseases and the material used for this test,
specifically the inoculation material that was
obtained from human spleen specimens that is no
longer available®%,

Treatment

Much of our understanding of neurosarcoidosis
comes from autopsy and retrospective studies
assessing neurosarcoidosis investigation, treatment,
and disease course®, Historically, the treatment of
neurosarcoidosis has been subject to similar
immunopathogenic targeting as seen in systemic
manifestations of the disease’. Current first-line
treatment indicates the use of corticosteroids,
although its usage as a monotherapy has become
less indicated due to the increased risk of relapse
and the contraindications of high dose corticosteroid
use. Second-line treatment includes the use of
synthetic disease-modifying antirheumatic drugs
(csDMARDs), including methotrexate, azathioprine,
mycophenolate, hydroxychloroquine, and
leflunomide'®7981,

Methotrexate remains the most utilized second-
line treatment, due to its associations with decreased
disease-relapse in comparison to the less commonly
used azathioprine, mycophenolate, and
hydroxychloroquine®'. Third-line treatments like
anti-tumor necrosis factor drugs (anti-TNF) and
cytotoxic agent have historically been used only after
the aforementioned failed, yet recent use of
infliximab and adalimumab have shown promise in



Neurosarcoidosis: overview of management and differentiation from fungal aetiologies

clinical cohort studies®*2, Third-line cytotoxic agents
like cyclophosphamide have decreased in usage in
recent years due to their high toxicity, yet
observational studies like Joubert et al, retain that it
may still be wuseful in severe neurological
presentations for neurosarcoidosis, such as in
stroke?®. Overall, the literature indicates first-line
corticosteroid administration benefits from being
paired with a second-line treatment like
methotrexate, improving the drug response and
reducing the drug-toxicity of corticosteroid usage
alone*. Figure 3 depicts the respective lines of
treatment for neurosarcoidosis.

Line of Confirm Diagnosis of

Treatment Neurosarcoidosis
1
First Line Corticosteroids
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Disease Modifying

Antirheumatic Drugs |

(DMARDs) J My olate
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Third Line Factor Drugs [
(anti-TNF)/ Cytotoxic
Agents
Figure 3. Neurosarcoidosis lines of treatment for

neurosarcoidosis.

Emerging Treatment

Neurosarcoidosis, being a relatively rare and
understudied manifestation of sarcoidosis, lacks the
relevant literature needed to prove the efficacy of
pharmacological treatments. Consequently, there
are no FDA-approved pharmacotherapies on the
market indicated for neurosarcoidosis—only off-
label uses of other therapies. On the other hand, the
use of prednisone and repository corticosteroid
injections (RCl) have been FDA-approved for general
sarcoidosis. Current literature regarding the therapy
of neurosarcoidosis is composed of retrospective
studies and case studies, and thus far, no
randomized controlled trials concerning treatment
strategies have been completed®. Generally,
treatment options are derived from studies with
regards to the care of pulmonary or general
sarcoidosis®. Due to the variability of clinical
manifestation, severity, and causes, it is imperative
that treatments are studied and developed
specifically to target neurosarcoidosis, and a few
emerging treatments look to do so.

As mentioned previously, repository
corticotropin injections (RCl), marketed as Acthar
Gel, is an FDA-approved treatment for sarcoidosis
and several other conditions®. In patients with both
general and pulmonary sarcoidosis, RCl use has
been shown to reduce the burden of corticosteroids
and displayed therapeutic benefit in several
studies®®, A study reviewing the use of RCl in
patients with sarcoidosis, including
neurosarcoidosis, showed improvements in
objective measures after three months of RCl use as
well as a reduction in prednisone dosage?’.

A clinical trial by the Cleveland Clinic aimed to
assess the use of Acthar therapy for
neurosarcoidosis, but was withdrawn due to
difficulty of recruitment, reaffirming the rarity of this
disease (NCT02920710). Another exploratory
therapy is rituximab, a monoclonal antibody that
targets and depletes CD20+ B-cells®. In refractory
cases or when steroid use is contraindicated, case
reports have shown the effectiveness of rituximab in
the therapy of neurosarcoidosis'1%,

Single-institution retrospective reviews
evaluating the use of rituximab in refractory
sarcoidosis demonstrated symptomatic relief in the
case of granulomatous disease of the eye and a
generally  positive  prognosis'®'%,  Cibinetide
(ARA290) is an amino acid peptide derived from
erythropoietin and acts by reducing inflammatory
and fibrotic responses. These therapeutic targets
make it advantageous in targeting sarcoidosis-
associated small nerve fiber loss (SNFL), as a
prevalent hypothesis behind its etiology is systemic
inflammation'%, Literature has shown that it is not
only effective in reversing SNFL but also increasing
the density of corneal nerve fibers'®. Along with
these pathological markers, Dahan et al. noted
improved patient-reported outcomes and increased
exercise capacity using the 6-minute walk test'%,

Double-blinded, phase 2 studies with regular
administration of cibinetide in sarcoidosis patients
have established safety and shown significant
improvements in neuropathic symptoms and a
decrease in pain intensity’”'%, The use of
randomized controlled trials in the studies of
cibinetide and their positive results make it
promising in the development of neurosarcoidosis-
specific therapy regimens. JAK-STAT inhibitors have
also shown some potential in the treatment of
neurosarcoidosis. Genes associated with the JAK-
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STAT signaling pathway were differentially expressed
between sarcoidosis patients and healthy controls,
indicating that JAK-STAT may be implicated in the
pathogenesis  of  sarcoidosis'®.  Specifically,
Rosenbaum et al. revealed that granulomas in the
lymph nodes of sarcoidosis patients expressed
higher levels of STAT1 compared to control levels.
Considering the possible immunologic basis for
sarcoidosis, this is a possible therapeutic target.
Recent studies have shown that the use of Janus
kinase inhibitors have resulted in the clinical
remission of lesions associated with
sarcoidosis'®""", Damsky et al. looked at the use of
tofacitinib, a JAK inhibitor, in the treatment of one
patient with multiorgan sarcoidosis which resulted in
the resolution of inflammation from granulomas and
a reduction in disease biomarkers'". All in all, a lack
of conclusive RCTs and general literature regarding
neurosarcoidosis therapy remains a major barrier to
developing comprehensive treatment strategies.

CONCLUSION

In conclusion, neurosarcoidosis stands as a
challenging and multifaceted entity within the
spectrum of inflammatory disorders. The intricacies
of its clinical presentation, diagnostic hurdles, and
potential mimics necessitate a meticulous approach
to ensure accurate identification and appropriate
management. As highlighted in this review,
advancements in diagnostic tools, ranging from
imaging modalities to laboratory studies, play a
pivotal role in differentiating neurosarcoidosis from
its fungal etiologies. Treatment strategies, currently
anchored in corticosteroids and disease-modifying
antirheumatic drugs, are witnessing the emergence
of novel therapeutic options, offering hope for more
specific and efficacious interventions.

The current understanding of neurosarcoidosis
presented in this review highlights the need for
controlled trials to further the knowledge base
surrounding diagnosis and treatment. As we
navigate the evolving landscape of diagnostic and
therapeutic approaches, this exploration provides a
foundation for continued advancements in the
understanding and management of
neurosarcoidosis.
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ABSTRACT

Background: Intra and extradural neurofibromas of C2 root is a challenging
pathology, usually with indolent evolution, that is why the onset symptoms are
neurologic deficit just like upper cervical myelopathy symptoms and explains the late
diagnosis of giant tumours with severe spinal cord compression with involvement
and distortion of great vessels anatomy. These facts make surgeries more difficult.
The follow-up of this type of surgery must be very close because CSF fistula can often
occur.

Case description: The present article reports a series of three cases of
neurofibromas, two of them are giant dumbbell-shaped C2 neurofibromas and the
third one is a case of neurofibromatosis type 1 of C2 roots bilaterally, C3 root
unilateral with unusual postoperative course. Dural reconstruction was necessary in
all cases.

Conclusions: The patients in this series were very symptomatic with good recovery.
The surgical procedures were challenging, total tumour removal was possible, and
the reconstruction of dural defects was needed in all cases. In the case of NF1, the
postoperative period was practically just the follow-up of complications and
addressing them. This fact stresses the importance of meticulous preoperative
planning and close follow-up. Postoperative quality of life was better than
preoperative in all the cases. The purpose of the surgical treatment is the
decompression of the spinal cord, tumour removal and prophylaxis of CSF fistula by
closing the dural defects. Overall, the surgical C2 root neurofibromas resection is a
safe procedure and is associated with good clinical outcomes.

INTRODUCTION

Neurofibromas arise mainly from the C2 root [5,3]. C2 neurofibromas
can grow to a large size while remaining asymptomatic and extend via
the intervertebral foramina to achieve a dumbbell shape [5,3]. C2
neurofibroma has specific characteristics, such as multiplicity, a
dumbbell shape, a relationship with the vertebral artery and particular
associated surgical problems [5,3,8,13]. Peripheral nerve sheath
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tumors arising from the second cervical nerve root
are relatively common and constitute approximately
15% of all spinal peripheral nerve sheath tumors [5].
Neurofibromas account for about 2-5% of all primary
spinal tumors [9,10,2], including neurofibromatosis
type 1 (NF1, Von Recklinghausen’s disease) [11].
Neurofibromas have a high prevalence at the C2
level in patients with and without NF1. [5,1,4,7,12].

SURGICAL PROCEDURE

The posterior approach was selected in all patients,
using a midline incision, exposing occiput, C1, C2, C3
posterior elements. A C1 laminectomy and C2
hemilaminectomy was performed and extended
laterally to expose the tumor and the dural tube. The
posterior dural wall of the tumor was coagulated and
incised, and intra tumoral debulking was performed.
The dura was cut in a T shape, longitudinal and the
perpendicular incision to the tumor side. The
involved C2 root was resected together with the
tumor, avoiding vascular structures. The venous
bleeding was the main sources of hemorrhage
during surgery: careful coagulation and the use of
hemostatic = foam  associated with  gentle
compression reduces the bleeding. Reconstruction
of dural defect was performed if needed. Fixations
and fusions were not necessary.

According to Atul Goel, C2 neurinomas arise in the region
of the C2 ganglion, and despite the fact that some achieve a
large size, they remain confined within the dura. Radical tumor
resection can be achieved by working within the layers of the
dural cover. Bone removal and opening of spinal dura for
tumor exposure and resection can be avoided [6].
Unfortunately, in our cases it was not possible, we considered
dural opening safer and we recommend the nuchal ligament
as good plastic material for dural reconstruction. Each patient
has sufficient size of ligament, it is easy to choose a good layer,
and itis strong and resistant, there are no difficulty to suture it.

CASE 1

42 years old man, presented with spastic tetra paresis at the
admission time, but still maintaining autonomy (Karnofsky 80).
Firstsign was right hand weakness, rapidly progressing to other
limbs. No history of previous diseases, no smoking. MRI
revealed severe spinal cord compression by dumbbell-shaped
extramedullary, intra, extradural tumor (Figure 1 A). For
preoperative planning and in order to study the vascular
anatomy, contrast enhanced CT scan was performed, that
showed impingement of VA upwards (Figure 1 B). The patient
was selected for removal of the tumor through median
posterior approach, as described previously. At the end of the
surgery, the reconstruction of the dural defect was performed.
As material for reconstruction was used the nuchal ligament,

previously harvested during the approach. Postoperative
period was uneventful, with excellent neurological and
functional recovery. Pathologic anatomy was neurofibroma
grade | (WHO), Three-year postoperative MRI confirmed no
sign of residual tumor, right C2 root amputation, slight
intramedullary T2 hypersignal.

A: Preoperative MRI revealing severe spinal cord compression
by dumbbell-shaped extramedullary, intra, extradural tumor.

B: Contrast enhanced CT scan, revealing right C1-C2 foramina
enlargement and relationship with vertebral artery.

C:. Postoperative MR,

identifying good
decompression, right C2 root amputation, slight intramedullary
hypersignal.

spine cord

Figure 1. Right sided dumbbell-shaped neurofibroma of the
right C2 root.

CASE 2

31 years old African man with a two-week history of
paresthesia of inferior limbs with rapid progression
to tetra paresis and subsequent inferior paraplegia
(Karnofsky 50). CT scan revealed right-sided,
dumbbell-shaped C2 root tumor with severe spine
cord compression. He was operated on, the tumor



was removed totally through posterior medial
approach as well, the tumor was growing from C2
root, at the end of the surgery also a dural
reconstruction was needed. The patient’s

postoperative recovery was good, the only sequel
remained is right hand proximal weakness, still
recovering. Postoperative CT scan excluded local
complication.

Figure 2. A. Preoperative CT scan; B. CT scan reconstruction
revealing C1 and C2 lamina erosion C. Postoperative CT scan.

CASE3

34 years old lady, with NF1 diagnosed since the age
of 18 years, admitted because of unstable gait
(Karnofsky 80). MRI revealed bilateral C2 roots
tumors with severe bilateral compression of the
spinal cord, spinal cord is squeezed in between C2
bilateral tumors and C3 root left sided tumor (Figure
3 A). She was operated, it was performed removal of
tumors with extra, intradural growth through
posterior approach through C2 laminectomia with
subsequent dural reconstruction also with nuchal
ligament harvested during the approach. In the
postoperative period she developed a huge, tense,
subaponeurotic CSF collection (Figure 2 B), solved
only after inserting de ventriculoperitoneal shunt
with the use of navigation, because of small
ventricles (Figure 3 C). Two years after the
neurofibroma removal she was bothered by neck
pain and fixed position in anterior flexion of the

Neurofibroma of C2 root

head. X-Ray, MRI diagnosed post laminectomy
regional kyphosis C2-C3 with anterior luxation. She
was operated: circumferential arthrodesis (ACDF C3-
C4, C4-C5, posterior mass lateral fixation C2-C6 on
the right side, C2, C3, C5, C6 on the left side) with
good recovery and pain relief (Figure 3 D). Three
years after she started to be bothered by upper limb
paresthesia and MRI revealed initial cervical
syringomyelia. One year later her gait was
progressively more unstable and MRI showed
significant syringomyelia progression (Figure 3 E) and
next surgery was performed: siringopleural shunt
insertion trough upper thoracic laminectomy Th1,
Th2 and unilateral intralaminar fixation C7-Th3 was
performed at the end of the surgery (Figure 3 F). The
decision to fix C7-Th3 with intralaminar unilateral
screws was dictated by previous experience with
cervical instability and weak muscles of the patient.
The postoperative period was uneventful, the gait
improved significantly.

A: MRI revealing bilateral C2 root tumor with severe bilateral
spine cord compression and C3 unilateral tumor.
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B: MRI and CT scan showing huge, postoperative
pseudomeningocele, no signs of hydrocephalus, no signs of
residual tumors.

C: Serial CT scan after ventriculoperitoneal shunting,
meningocele diminished on serial CT scan.

-

D: MRI revealing upper cervical post laminectomy regional
kyphosis, syringomyelia, no signs of meningocele. X-Ray before
and after 360-degree arthrodesis.

E: Serial MRI with

1-year time difference,
syringomyelia progression to upper thoracic spine cord.

showing

F: CT scan, X-Ray after syringopleural shunting

CONCLUSION

The patients in this series were very symptomatic
with good recovery. The surgical procedures were
challenging, total tumor removal was possible, the
reconstruction of dural defects was needed in all
cases. In the case of NF1, the postoperative period
was practically just the follow up of complications
and addressing them. This fact stresses the
importance of meticulous preoperative planning and
close follow up. Postoperative quality of life was
better than preoperative in all the cases. The
purpose of the surgical treatment is the
decompression of the spinal cord, tumor removal
and prophylaxis of CSF fistula by closing the dural
defects. Over all, the surgical C2 root neurofibromas
resection is a safe procedure and associated with
good clinical outcomes.

Abbreviations

NF1: neurofibromatosis type 1;

WHO: World Health Organization;

VA: vertebral artery;

CSF: cerebral spinal fluid;

ACDF: anterior cervical decompression and fusion.
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ABSTRACT
Objectives: Brain Arteriovenous malformations are high-flow cerebrovascular
lesions with dysplastic vascular nidus, fed by arteries and drained by veins without

intervening capillaries. Prevalence is 0.2% and is an important cause of intracerebral Keywords
haemorrhage in about 38% of young adults. The objective of this study is to analyze AVM,
surgically managed Intracranial AV malformations with respect to their demographic Spetzler Martin,
features, varied clinical presentations, imaging features Spetzler Martin grading and microsurgery,
outcome. ARUBA,
Methods: A study of 48 patients with Intracranial Arteriovenous malformations who haemorrhage

underwent microsurgical excision at the Institute of Neurosurgery, Madras Medical
College and Rajiv Gandhi Government General Hospital, Chennai over a period of 5
years from July 2018 to June 2022 and extracted their data including demographic
characteristics, clinical presentations, Spetzler-Martin (SM) grades, complications and
outcome were assessed.

Results: Of the 48 patients treated with microsurgery, the most common 51%
belongs to the age group between 21 to 40years, left-sided is slightly more common
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with headache major symptom, involving Parietooccipital lobe 33% commonly, 28 Institute of Neurosurgery, Madras
(62.2%) patients initially presented with haemorrhage. Medical College/ Rajiv Gandhi Govt
Anterior circulation artery feeders was common 68.8% and mostly drainage involving General Hospital. India
superficial venous drainage system. Based on the Spetzler-Martin (SM) grading drrrojaa@gmail.com

system, the patients were graded as follows: 6(13 %) Grade |, 10(21%) Grade I,
25(52%) Grade Ill, 3 (6%) Grade IV and 4(8%) Grade V. Overall, 35(73%) patients had a
favorable outcome, most commonly seen in Grade |, Il and Grade Ill. Aimost complete
obliteration of the AVMs were achieved in all favorable outcome cases.

Conclusion: Microsurgical excision is the gold standard treatment of choice for low
grade AVMs and certain high-grade AVMs with increased risk of rupture. The Spetzler- Scan to access the online version
Martin grading system is a simple and effective method to estimate the risk of surgery
and to evaluate the prognosis. Proper patient selection combined with appropriate
preoperative evaluation, meticulous surgical technique and postoperative care all
lead to reduced mortality and morbidity.

INTRODUCTION

Brain  Arteriovenous malformations (AVM) are high flow
cerebrovascular lesions with dysplastic vascular nidus, fed by arteries
and drained by veins without intervening capillaries. Prevalence is 0.2%,
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and is an important cause of intracerebral
hemorrhage of about 38% in young adults between
20 and 40 years old (11). AVMs account for 1 to 2% of
all causes of strokes, 3% of strokes in young adults,
9% SAH subarachnoid hemorrhages, and 4% of all
primary intracerebral hemorrhages, but as much as
one third in young adults (3). The Most common
clinical presentations of AVMs are intracranial
hemorrhage and seizures typically before the age of
40 years old. (4) Focal neurologic deficits occur in 1%
to 40% of patients with intracranial AVMs, which can
be transient, persistent or progressive. The natural
history of AVM is poorly understood and its
management is still controversial. Current treatment
options include conservative management, surgical
resection, stereotactic radiosurgery (SRS),
endovascular embolization, or combinations of
these treatments (multimodal therapy).
Microsurgical resections remain the most effective
and immediate treatment for AVMs. (15) The ARUBA,
A Randomized trial of Unruptured Brain AVMs trial
concluded that medical management alone is
superior to medical management with interventional
therapy for the prevention of death or stroke in
patients with unruptured brain arteriovenous
malformations followed up for 33 months. But in
experienced hands, microsurgery proved to have
better results, compared to other treatments which
is not in line with the conclusion of ARUBA trial.

OBJECTIVES

The Objective of this study is to analyze surgically
managed Intracranial AV malformations with respect
to their demographic features, varied clinical
presentations, imaging features and its
management outcome.

METHODS
A study of 48 patients with Intracranial Arteriovenous
malformations underwent microsurgical excision at
Institute of Neurosurgery, Madras Medical College
and Rajiv Gandhi Government General Hospital,
Chennai over a period of 6 years from July 2018 to
June 2022

The data included demographic characteristics,
clinical presentations, Spetzler-Martin (SM) grades,
complications and Outcome was assessed. All the
patients were followed for up minimum period 1
year for rebleed/ recurrence and new deficit.
Exclusion criteria - arteriovenous fistulas, vein of

Galen malformations, or vascular

malformations were excluded.

spinal

RESULTS

Of the 48 patients treated with microsurgery, most
common age group was between 21 to 40 years (48
%) as shown in chart 1, more commonly seen in
Males 68% as shown in chart 2, left sided is slightly
more common with headache major symptom as
shown in chart 3 and 4, involving most commonly
Parietal lobe 31% as shown in chart 5, 28 (62.5 %)
patients initially presented with hemorrhage as
shown in chart 6 and chart 7. Anterior circulation
artery feeders were common 69 % and most
involved superficial venous drainage system. Based
on the Spetzler-Martin (SM) grading system, the
patients were graded as follows: 6(13 %) Grade |,
10(33%) Grade I, 25(44%) Grade IlI, 3 (6%) Grade IV
and 2(4%) Grade V as shown in chart 8. Overall,
37(77%) patients had a favorable outcome, most
commonly seen in Grade |, Il and Grade Ill. Out of 48
cases AVM 4 case was associated aneurysm (8.5%) in
which 3 case flow related aneurysm. Almost
complete obliteration of the AVMs was achievable in
all favorable outcome cases. New postop deficit was
seen in 8 patients (17.7%) and death in 4 patients
(8%) as shown in chart 9.

Age

30
23
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10 8 A
0
<20yrs 20-40 40-60 >60yrs

Chart 1: Age Wise Distribution. Chart 2: Sex Distribution
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SYMPTOMS Haemorrhage
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Chart 6: Incidence of Hemorrhage

Chart 3: Symptom Wise Distribution. Chart 4: Side Involved.
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Chart 7: Hemorrhage Pattern
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Outcome

M Favourab
le
New
Deficit
Death

Chart 9: Outcome

DIscUsSION

Incidence of AVM is 1 per 100000, In our study male
sex is commonly affected which is similar to study
conducted by Zhao et al in 2005(16). Most common
age group was between 20 to 40 yrs which was
consistent with other studies (9). The incidence of
brain AVM presenting with intracranial hemorrhage
is approximately 30% to 70% (4, 7, 8,) which was
similar to our study. Combined hemorrhage
followed by parenchymal bleed which is similar with
other study (11). Based on our results headache is
more common complaint. Approximately 6% to 14%
of patients with AVMs present with chronic headache
without hemorrhage. A number of series have
evaluated the annual risk of hemorrhage varies from
2 to 4%. Theofanis et al study 264 patients
underwent microsurgery and showed rates of
permanent morbidity and mortality of 1.9% and 2.7%
respectively. In our study comprising 48 patients
treated with microsurgical resections in a large single
center, and illustrated permanent postoperative
morbidity of 17.7% and a mortality of 8%. It includes
even minor complications like postop hydrocephalus
or a small visual field defects as deficit. All deaths
were seen in patients who presented as ruptured
AVM with low Glasgow coma scale underwent
emergency surgery.

A Randomized trial of Unruptured Brain
Arteriovenous malformations (ARUBA) is a non-
blinded, multicenter, randomized trial aimed to
evaluate the risk of patients with an unruptured AVM
treated with medical management alone compared
with interventional therapy/ micro excision surgery
(17). But the results of ARUBA have provoked many
debates over concerns in study design, treatment
modality offered, follow-up length, and study validity
[18 - 21]. Of 223 patients with interim analysis when

ARUBA was halted, 114 assigned for interventional
therapy and 109 for medical management, only 5
patients were treated with standalone microsurgical
excision. It's criticized that only few patients were
treated surgically when 76 patients had an SM grade
of 1 or 2.[18] In our study around 45% patients with
SM Grade 1 or 2 received microsurgical resections
and 80% had good outcome, 44% SM grade 3
underwent surgery with 70% favorable outcome.

In ARUBA Out of a total of 223 patients with a
mean follow-up of 33.3 months, the primary
endpoint of death from any cause or stroke occurred
in 11 of 109 (10.1%) patients in the medical group
compared with 35 of 114 (30.7%) in the
interventional group. Almost more than threefold
increased risk of stroke and death after the initiation
of interventional therapy compared with medical
management alone in patients with an unruptured
brain arteriovenous malformation (12). In our study,
the incidence of primary outcome events after
microsurgical excision was favorable. Criticisms of
the ARUBA study included short follow up period,
lack of patient heterogeneity, lack of standardization
of the treatment arm, suspected selection bias, lack
of subgroup analysis, and inappropriately drawn
conclusions (13). The data concerning the disparity in
outcomes should affect standard specialist practice
and the information presented to patients. The
future AVM research and clinical trials that will
continue to refine the neurosurgical treatment of
this disease for the benefit of our patients.

Figure 1: A case of grade 1 left frontal AVM with postop excision
image.

Figure 2: A case of grade 3 left parietal AVM preop and postop
image.
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Figure 3: A case of grade 4 right frontoparietal AVM with post op
complete excision image.

Figure 4: A case of grade 5 right frontotemporal AVM with post op
complete excision image.

Figure 5: A case of grade 3 right insular AVM with post op complete
excision image.

Figure 6: A case of grade 3 right occipital AVM with post op complete
excision image.

CONCLUSION

Microsurgical excision is the gold standard treatment
of choice for low grade AVMs and for high grade
AVMs with progressive deficit, recurrent rupture.
However, all the patients should be well informed
about the available alternative mode of treatment
and their associated risks. The Spetzler-Martin
grading system is a simple and effective method to
estimate the risk of surgery and to evaluate the
prognosis. Proper patient selection combined with
appropriate preoperative evaluation, meticulous
surgical technique and postoperative care all lead to
reduced mortality and morbidity.

Abbreviations

NF1: neurofibromatosis type 1;

WHO: World Health Organization;

VA: vertebral artery;

CSF: cerebral spinal fluid;

ACDF: anterior cervical decompression and fusion.
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ABSTRACT

Background. Thoracolumbar fractures are among the most common and unstable
traumatic injuries to the spine. They require a rigid fixation. However, there are
controversies in the choice of fixation types. This study aimed to compare long-
segment posterior fixation (LSPF) bridging the injured vertebra and short-segment
fixation with screws in the fractured vertebra (SSFFV).

Methods. This was an analytical study of 22 patients admitted to the Kinshasa
University Teaching Hospital from 2020 to 2023 with thoraco-lumbar fractures.
Variables of interest included: sex, age, occupation, cause of fracture, ASIA score,
injured vertebra, Magerl fracture types, Sagittal Cobb angle (SCA), and level of
fixation. Data were analysed using SPSS 26 software.

Results. Ten patients (45.4%) had SSFFV and 12 (54.6%) had LSPF. Overall, the sex
ratio was 4.5 and, the mean age was 35.27+9.88 years. Road accidents accounted for
72.7% of causes, fracture of L1 (50%), ASIA A (41%) and Magerl B (54,5%). Pre-
operative features did not show a difference between the two fixations. No difference
was observed in function values before surgery (p=0.863) and at one year
postoperatively (p=0.914). The mean SCA was 15.57 + 5.90° before surgery, and
12.60+5.94° one year after surgery showing a significant correction of local kyphosis
of 3° (P <0.001). There was no significant difference in the degrees of correction of
local kyphosis immediately postoperatively (p=0.591) and at one year postoperative
(p=0.819) and also in the degrees of loss of local kyphosis (p=0.870) between SSFFV
and LSPF.

Conclusion. This study did not show a significant difference in functional recovery,
reduction and loss of correction of traumatic kyphosis between the two fixations. The
SSFFV therefore appears to be an effective alternative to LSPF.

INTRODUCTION

Spinal fractures are among the most feared injuries by patients and
doctors, and their consequences can be devastating, ranging from
complete paralysis to death [1]. The thoracolumbar region is the
transition from the rigid thoracic spine to the movable lumbar spine,
and itis considered biomechanically to be the weakest part of the spine.

Keywords
thoracolumbar fracture,
long-segment fixation,
short-segment fixation,
cobb's angle

Corresponding author:
Israél Maoneo

Kinshasa University Teaching
Hospital, University of Kinshasa, DRC

maoneo@yahoo fr

Scan to access the online version




Thoracolumbar fractures posterior fixations between long segment and short segment

This characteristic makes it vulnerable to various
high-energy injuries resulting from road accidents
and falls [2]. Nearly 60-70% of all traumatic spinal
injuries occur in this region [3,4]

Treatment of traumatic spinal cord injury can be
conservative or surgical. In the majority of cases,
surgical management may be warranted in unstable
fractures, as is the case with the majority of
thoracolumbar fractures, and those associated with
neurological deficit [5]. Surgical approaches can be
anterior, posterior, or a combination of anterior and
posterior surgery. There is an abundant literature on
different surgical techniques for reducing and
stabilizing unstable fractures, but no consensus on
the ideal treatment. Finally, the expertise and
preference of the surgeon is an important factor.

The primary aims in surgical treatment are: the
reduction of segmental kyphosis, the restoration of
the stability of the spine and the decompression of
the spinal canal, which allows an early mobilization
of the patient [6]. In posterior spinal fixations, trans-
pedicle screws are usually inserted above and below
the fractured level to achieve reduction and control
of segmental kyphosis. LSPF consists of attaching 2
levels above and 2 levels below the fractured
vertebra. Short-segment posterior fixation (SSPF)
fixes one level above and one level below the lesional
focus. In the latter type of fixation, the screws can
also be inserted into the injured vertebra if its
pedicles are intact. This is the short-segment fixation
involving the fractured vertebra (SSFFV). The number
of fixation levels above and below the fracture is still
controversial in the literature [2].

Although SSPF can achieve a satisfactory
reduction, it often leads to instrumentation failure
due to osteoporosis and loss of correction [7]. LSPF
is an alternative solution, which can increase the
rigidity of the construction and reduce the load on
each screw by applying long segmental
instrumentation. However, LSPF is unnecessarily
extensive and decreases the number of motion
segments. Saving the movement segments is an
important principle of thoracolumbar spine surgery.
In addition, this type of osteosynthesis is often
associated with the development of adjacent
segment degeneration disease [8-10]. As a result,
the SSFFV appears to be an intermediate solution. It
limits the number of merge segments and protects
adjacent segments from degeneration. It improves
the efficacy of SSPF compared to long-term control

of kyphosis correction [3]. Many publications
focused on comparing LSPF and SSPF, both of which
bridge the fractured vertebra [1,5,11,12,13]. Few
authors attempted to compare LSPF and SSFFV
[14,15].

The purpose of this study is to determine if there
is a difference in radiological and neurological
outcomes between LSPF and SSFFV.

METHODS

Study design and data collection process

This is a quasi-experimental study conducted at the
Kinshasa University Teaching Hospital (KUTH) in the
Democratic Republic of Congo (DRC) from 2020 to
2023. The intervention group is made up of SSFFV
cases. The control group includes cases of LSPF or
conventional long-segment fixation. The comparator
is functional and radiological outcomes. Included in
this study were all cases of unstable thoracolumbar
junction fracture (T11-L2) with neurological deficit
(ASIA- A-D) operated in the Neurosurgery
Department of the KUTH during the study period.
There were 25 patients, of whom only 22 met our
work criteria, 10 received SSFFV and 12 others
received LSPF.

All cases of pathological thoracolumbar fractures
(osteoporotic, tumor, etc.), fractures with both
damaged pedicles and cases with a history of surgery
at the thoracolumbar hinge were excluded. Variables
of interest included : sex, age (year), dates of entry
and discharge, occupation, residence, patient
complaints, history, vital signs, cause of fracture,
injured vertebra, Magerl fracture types, ASIA score,
Sagittal Cobb angle (SCA), fixation level and
complications. Data were collected prospectively.
The diagnosis was made on the basis of radiological
arguments. Patients were evaluated radiologically
and clinically prior to surgery, immediately after
surgery to assess the angle of correction of kyphosis,
and at the end of the first postoperative year to
assess loss of correction.

Surgical management

After induction of general anesthesia with
endotracheal intubation, each patient was placed
prone on a specialized surgical setting in which the
upper half of the chest and iliac crests were
supported by pads to create a spine hyperextension
position and achieve postural reduction. All patients
underwent posterior surgery. After incision and
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dissection of the soft tissues, the surgical procedure
consisted of the placement of pedicle screws,
followed by a decompression laminectomy, followed
by a reduction in displacement and stabilization. For
the short assembly with intermediate screws, the
technique consisted of placing 6 screws, 2 of which
were through the pedicles of the vertebra overlying
the fractured vertebra, 2 in the pedicles of the
injured vertebra and 2 last screws through the
pedicles of the underlying vertebra. The choice of
this possibility had to take into account the integrity
of the pedicles of the traumatized vertebra and the
thickness of the vertebral body.

Regarding osteosynthesis bridging the fractured
vertebra, the long-segment set-up consisted of either
8 screws, 4 of which were screwed on 2 vertebrae
above the fractured vertebra and 4 screws on 2 other
vertebrae below it. The operation continued with the
joining of different screws by means of 2 bars on
either side of the spine. We used mono and poly-
axial screws depending on the case.

Post-operative follow-up

It focused on two components : radiological and
clinical. Radiographic evaluation included sagittal
Cobb angle (SCA), degree of postoperative reduction,
loss of correction at 1 year, and degree of definitive
reduction at 1 year. The ACS was calculated from the
intersection of two perpendicular lines, one to the
plane of the upper plate of the overlying vertebra
and the other to the plane of the lower plate of the
underlying vertebra (Fig. 1) [16]. The degree of
reduction was measured by the difference between
the pre-operative and postoperative Cobb angle.
And the loss of correction was measured by the
difference between the postoperative Cobb angle
and that calculated at one year postoperatively. The
final degree of correction was the difference
between the initial Cobb angle and the one
measured at one year.

Figure 1. Sagittal Cobb angle :
angle formed by the intersection
of 2 perpendicular lines, one to the
plane of the upper plate of the
overlying vertebra and the other
to the plane of the lower plate of
the underlying vertebra.

Regarding clinical follow-up, daily medical visits were

carried out to assess the ASIA score and compare it
with the admission scores for the two groups of
operated patients.

Statistical analysis of data

For the interpretation of the results, we used SPSS 26
software. The statistical tests performed were :
percentage calculation, mean and standard
deviation (x, £SD). The Pearson Chi-Square Test of
Independence was used to compare neurological
function using the ASIA score. The independent
sample Student's t-test was performed to compare
the Cobb angle of two groups of LSPF and SSFFV
mounts. A difference was considered statistically
significant for a P-value < 0.05.

RESULTS

Pre-operative features of patients

We followed 22 patients with thoracolumbar spinal
cord injury, 10 (45.4%) had SSFFV and 12 (54.6%) had
LSPF. Overall, the sex ratio was 4.5 and the mean age
was 35.27+9.88 years. Road accidents accounted for
72.7% of causes. These were often L1 fracture (50%),
ASIA A score (41%) and Magerl B fracture (54.5%).
Among the 10 SSFFV, 9 cases (90%) were male versus
only one patient (10%) female, for a male/female sex
ratio of 9. Patients aged 21 to 40 years accounted for
6 cases, or 60%. The mean age was 35.70+11.52
years. Road accidents were the leading cause of TVM
with 8 cases (80%). All patients had a neurological
deficit at admission : ASIA A score (40%), ASIA B (30%)
and ASIA C (20%) and ASIA D (10). Six traumas (60%)
involved the L1 vertebra. The fracture, Magerl type B,
accounted for 60% of cases.

Of the 12 LSPF, 9 patients (75%) were male versus
3(25%) female, i.e. a male/female sex ratio of 3. Eight
traumatized patients aged of 21 and 40, 66.6
percent. The mean age was 34.92+8.79 years. Road
accidents were the leading cause of TVM, with 8
cases (66.7%), followed by various falls in 4 cases
(33.3%). Five patients (41.7%) had ASIA A score and 4
traumatized patients were ASIA B (33.3%). Five
traumas (41.7%) had the L1 lesion and 4 (33.3%) had
the T12 lesion. Magerl A and B fractures each
accounted for 50% of cases. The mean Cobb angle at
intake was 15.571£5.90° for the set, 14.89+4.64° for
SSFFV, and 16.80+8.19° for LSPF. For all these
preoperative features, the difference was not
statistically significant between the two groups
(Table 1).
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Table 1. General data

Parameters SSFFV LSPF Total p-value
N=10 N=12 22
(%) (%) (%)
Age (years)
. <20 1(10) 1(8,4) 2(9,1) 0,854
= 21340 6(60) 8(66,6) 14(63,7)
Ll 41260 3(30) 3(25) 6(27,2)
Mean Age 35,70£11,52 34,92+8,79 35,27+9,88 0,858
Sex
Ll Male 9(90) 9(75) 18(81,8) 0,364
. Female 1(10) 3(25) 4(18,2)
= Sexratio 9 3 4,5
Etiology
. MVA 8(80) 8(66,6) 16(72,7) 0,529
. Fall 1(10) 4(33,4) 5(22,8)
=  Gunshot 1(10) 0(00) 1(4,5)
ASIA
= A 4(40) 5(41,7) 9(41) 0,863
. B 3(30) 4(33,3) 7(31.8)
. C 2(20) 1(8,4) 3(13,6)
. D 1(10) 2(16,6) 3(13,6)
Injuried Vertebra
= TN 0(00) 2(16,6) 2(9,1) 0,558
= T12 3(30) 4(33,3) 7(31,8)
. L1 6(60) 5(41,7) 11(50)
= L2 1(10) 1(8,4) 2(9,1)
Magerl fracture
. A 3(30) 5(41,7) 8(31,8) 0,688
. B 6(60) 5(41,7) 11(54,5)
. C 1(10) 2(16,6) 3(13,7)
SCA
=  Mean(°) 14,89+4,64 16,80+8,19 15,57+5,90 0,583

Table 2. Neurological Outcomes

ASIA  SSFFV LSPF p-valuet+ p-value*
Pre-operative  After 1 year Pre-operative  After 1 year

B C D E A B C D E Preop Post-op
A 4 4 0 0 O O 5 3 2 0 0 0 0863 0914
B 3 0 2 1 0 0 4 0o 2 1 1 0
C 2 0 0 0 2 0 1 0 0 0 1 O
D 1 0O 0 0 0 1 2 0 0 0 0 2
Total 10 4 2 1 2 1 12 3 4 1 2 2

p-value +: pre-operative ASIA comparison between the two fixations
p-value*: ASIA comparison at one year postoperatively between the two groups.

Table 3. Neurological

SCA Fixation Mean DS N p-value*
) )
A : Pre-operative SSFFV 14,89 4,64 10 0,583
LSPF 16,80 819 12
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Total 15,57 5,90 22
B : Immediate pre-operative SSFFV 8,50 0,70 10 0,618
LSPF 11,67 7,63 12
Total 10,40 5,68 22
C : After 1 Year post-surgery SSFFV 10,50 0,70 10 0,596
LSPF 14,00 7,93 12
Total 12,60 5,94 22
Post-surgery correction SSFFV 6,39 3,94 10 0,591
(A-B) LSPF 511 0,56 12
Total 5,07 0,22 22
Post-surgery correction loss SSFFV 2 0,00 10 0,870
(C-B) LSPF 233 0,30 12
Total 2,26 0,31 22
Final Correction after 1 Year SSFFV 4,39 3,94 10 0,819
(A- O LSPF 2,8 0,26 12
Total 2,97 - 22
N : number

*: Student's t-test for independent samples

Neurological Outcomes

No patients with ASIA A among the SSFFV improved
their admission score. Of the 5 LSPF patients with
ASIA A, 3 kept the same grade and 2 switched to ASIA
B. One out of three patients with ASIA B on
admission to the SSFFV group progressed to ASIA C.
Similarly, two out of the 4 patients in the LSPF group
with ASIA B at the start of hospitalization improved
their neurological status, of which 1 went up to ASIA
Cand 1to ASIA D. The two traumatized individuals in
the SSFFV group with ASIA C at entry were
transferred to ASIA D at admission. Similarly, the
single ASIA C patient from LSPF was upgraded to
ASIA D at the last assessment. The single ASIA D
patient from SSFFV and the two ASIA D trauma
patients from LSPF all achieved grade E after one
year. There were no significant differences in
function values before surgery (p=0.863) and at one
year postoperatively (p=0.914) between the two
groups (Table 2).

Radiological results

For all 22 patients, the mean SCA was 15.57 + 5.90°
before surgery, 12.60+5.94° at one year after surgery
showing a significant correction of local kyphosis of
3° (P <0.001). For SSFFV, the mean SCA was
14.89+4.64° before surgery, 10.50+0.70° at one year
after surgery with a significant correction of local
kyphosis of 4.39 +3.94 (P=0.049). The mean SCA of
LSPF was 16.80+8.19° before surgery, 14.00+7.93° at
one year postsurgery with a significant correction of

local kyphosis of 2.8 +0.26 (P=0.017). However, there
was no significant difference in the degrees of mean
pre-operative SCA (p=0.583), immediate
postoperative mean SCA (p=0.618), mean SCA at one
year postoperative (p=0.596), correction of local
kyphosis in immediate postoperative (p=0.591), one
year after surgery (p=0.819) and the degree of loss of
this correction (p=0.870) between the two types of
fixation (Table 3). Figures 1, 2 and 3 illustrate the
evolution of SCA over different time points pre-
operative, immediate post-operative, and at one
year post-operative for SSFFV.

Fig. 1 : SCA before
Surgery

Fig. 2 : SCA Immediate
post-surgery surgery

Fig. 3 : SCA 1 year after

DISCUSSION

Pre-operative data

Thoracolumbar fractures are among the most
common traumatic injuries to the spine [17]. They
frequently affect young male people. They are often
caused by violent trauma such as road accidents and
falls from very high places [5, 10, 18, 19]. Half of these
lesions are unstable [20] and are much more
relevant to the L1 [3,6,11,15,18,21]. Burst-type
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fractures (A3 according AO or to Type B of Denis
classification) account for 21% to 58% of all fractures
of the thoracolumbar spine [22] and approximately
70% of these fractures occur without immediate
neurological injury and, ultimately, 55% remain
neurologically intact. Neurological deficit is often
incomplete [23]. Previous studies, which compared
SSFFV and LSPF, noted that there was no difference
in the socio-demographic and pre-operative
characteristics of patients [3,11,22].

In our series, socio-demographic and pre-
operative characteristics also did not show a
significant difference between the two fixations. The
sex ratio was 4.5, the mean age 35.27+9.88 years.
Road accidents accounted for 72.7%, L1 fracture
(50%) followed by T12 (31.8%), ASIA A (41%) and
Magerl B (54.5%). Young male people engage in high-
risk activities, exposing them to spinal trauma in
order to provide for their families, which would
justify their predominance. The high frequency of L1
and T12 lesions may highlight the vulnerability of
these two hinge vertebrae between the thoracic rigid
segment and the movable lumbar portion compared
to other vertebrae [23]. The preponderance of
Magerl B and ASIA A lesions in this study could be
explained by the velocity of the traumatic agent. The
majority of our injuries were caused by road
accidents.

Neurological outcomes

At the end of one year, there was a significant
improvement in neurological function from
admission within each group and for all patients in
general (p<0.001). No significant differences were
observed between the two fixations in function
values before surgery (p=0.863) and at one year
postoperatively (p=0.914). These results confirm the
data in the literature. Apart from ASIA A fractures, the
other ASIA types evolve favorably after surgical
fixation () in the following order: C>B>D>A [24]. After
a rigid correction, many researchers point out that
the majority of surgical patients improve their
neurological function after a year or more [18].
However, many series claim that the two types of
fixation are equivalent in terms of functional
recovery [18,19,22].

Radiological outcomes

The primary objectives in the surgical treatment of
thoracolumbar fractures, as mentioned above, are:

correction or reduction of segmental kyphosis,
restoration of spine stability, preservation of mobile
segments of the spine, decompression of the spinal
canal, which allows early postoperative mobilization
of the patient [6, 11, 22].

According to the literature, the closer one is to the
fracture site, the easier and better the reduction.
Short-segment fixation with or without screws in the
fractured vertebra satisfies this requirement and is
recognized by some authors as the most suitable
instrumentation to better correct local kyphosis
while at the same time reducing the number of levels
of immobilization [25]. However, other studies show
that the difference between short screw fixation in
the fractured vertebra and long-segment fixation
bridging the fracture focus is not significant [2]. Short
fixation has been criticized for not maintaining this
correction of segmental kyphosis for a long time
compared to long fixation [6]. However, much more
recent work has not found a significant difference
between the two surgical techniques in terms of loss
of correction of local kyphosis after a fairly long
setback time. Long-segment fixation is recognized as
the most stable setup resulting in less loss of
correction of segmental kyphosis due to multiple
levels of fixation [6,11,22]. However, this extensive
immobilization is often blamed by some authors as
the source of subsequent pain and adjacent
degeneration segment (ADS), especially in people
over 50 years of age, which exposes patients to other
surgical procedures [6,22].

However, recent studies have not found a
significant difference between the two fixations in
terms of stability and correction of segmental
kyphosis from the angle of the ACS [13,15,22]. In our
series, no significant differences were recorded
between the two bindings in terms of correction or
loss of correction after one year. The SSFFV achieved
afinal correction for local kyphosis of 4.39 +3.94° and
LSPF of 2.8 +0.26° (p=0.583). The SSFFV lost the
correction of segmental kyphosis by 2° and the LSPF
by 2.33+0.30° (p=0.870). The maijority of the
literature did not note a final correction or loss of
segmental kyphosis greater than 10° [18] and the
surgical procedure resulted in a significant correction
of the angle [3,15]. In our study, the final reduction at
one year was less than 3°, and the final correction of
segmental kyphosis was significant for all patients (P
<0.001).
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CONCLUSION

This case series did not show a significant difference
in functional recovery, reduction and loss of
correction of traumatic kyphosis between the two
posterior fixations of thoracolumbar fractures. The
SSFFV  therefore appears to be an effective
alternative to LSPF. It satisfactorily reduces traumatic
kyphosis and the loss of correction is similar to that
of LSPF after one year. This technique may be
recommended for older people who have difficulty
withstanding long  procedures and heavy
instrumentation. With the aging of the world's
population as described by the WHO, we believe that
SSFFV would become a technique of the future. It is
also an osteosynthesis suitable for low-income
countries that do not have a lot of equipment
(screws, bars, plates). But many randomized studies
with larger sample sizes are needed to confirm all
these hypotheses.

Limits

The monocentric nature and small sample size of this
study do not allow the results to be generalized.
Some important elements were not calculated : the
anterior height of the fractured vertebral body, the
vertebral body index, and the spinal canal
impingement. But this work has allowed us to get an
idea of the neurological and radiological outcomes of
these two types of fixation in our environment.
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ABSTRACT

Purpose: The aim of the present study was to determine the characteristics and
variations in the origin of vertebral arteries (VA), its level of entry into the transverse
foramen, VA diameter, Length of VA, and VA dominance.

Methods: A total of 250 adult patients (143 males and 107 females) were enrolled
(Mean age: 60.92+13.44) and scanned with Computerized Tomography angiography
(CTA).

Results: The VA entered the C6 transverse foramen in 97.8% of specimens. Abnormal
entrance of VA was observed in 4.4% of specimens. The mean length of prevertebral
(V1) right and left VA was 81.38+14.38 mm and 82.49+14.16 mm. The mean length of
the intraforaminal segment (V2) of the right and left VA was 81.38+14.375mm and
82.49+14.162mm and showed sexual dimorphism. The mean diameter of the right
and left VA was 3.297+0.85 and 3.676+0.88, respectively. We found 1(0.4%) left and
1(0.4%) right VA emerging from the aortic arch. The mean right and left VA diameters
were 3.28 + 0.83 mm and 3.6+0.88mm, respectively. A total of 90(0.36) patients were
right dominant and 160(0.64) patients were left-dominant. The right VA of aortic arch
origin entered the 4th cervical transverse foramina, whereas the left VA entered the
7th cervical transverse foramina. We found that 22(8.8%) of the right and 1 (0.4%) of
the left vertebral arteries had distal origin. The results did not show any relationship
between gender and origin of VA, diameter of VA, and level of entry. A significant
relationship was observed between gender and VA length (P=0.0001).

Discussion: The present study confirms the presence of anomalous in the VA route.
Knowledge of such anatomical variations is important in interpreting CTA and may
reduce the risk of intraoperative VA injury.

INTRODUCTION

Because of nervous tissue demands, the blood supply of the central
nervous system is of special interest. The brain, one of the most
metabolically active organs, is reliant on glucose's aerobic metabolism.
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The brain, which accounts for only 2% of body
weight, receives 17% of the cardiac output and
utilizes 20% of the body's oxygen supply (1). The
cessation of cerebral circulation can cause
unconsciousness in about 10 seconds. The
possibility of vascular origin lesions causing
neurological disorders is stronger than any other
kind of disease (1). The role of VAs in brain’s blood
supply is well known. VA injury is rare but any change
in VA haemodynamics may cause permanent
neurologic  deficit, important disorders in
cerebellum, brain stem, inner ear and spinal cord (2-
5) The VA is a branch of the subclavian artery. It
ascends toward the transverse foramen of C6
vertebrae (V1) and then passes vertically through the
transverse foramina of C6 to C2 (V2). After leaving
the transverse foramen of C2, it runs over the axis
and atlas (V3) and enters the cranial cavity (V4).
Eventually, the right and left VAs join to form the
basilar artery (6, 7).

VA typically originates (50.6-99.9%) from the
supero-posterior aspect of the 1st part of the
subclavian artery, 0.5-2 <m medial to the
thyrocervical trunk origin (6, 8). The right VA (RVA)
may be found displaced more than 2 cm medial to
the right thyrocervical trunk (RTCT) in 1.4% (17 out of
1228 cases), while the left VA (LVA) may originate
from the left thyrocervical trunk (LTCT) in 0.58 % (6,
8). Several congenital anomalies regarding VA have
been described (9). Variations of the VA origin usually
occur on the left side. The commonest reported
atypical VA origin is from the aortic arch with an
incidence rate of 5.5%(10-12). Other VA origins
include the common carotid artery (CCA), the carotid
bulb, external carotid artery (ECA), internal carotid
artery (ICA), occipital artery, thyrocervical and
costocervical trunk, inferior thyroid artery and the
ascending aorta. VAs may also have a dual origin (13-
17). The level of entry into the transverse foramen of
the left vertebral artery of aortic arch origin was
frequently higher than the sixth cervical vertebra (8,
17,18).

The prevertebral part of the vertebral artery of
aortic arch origin was less protected by bone and
thus may be accidentally lacerated during surgery.
On the other hand, the endovascular approach for
supra-aortic lesions has been successful and is now
a widely accepted alternative to surgery. Particularly
during stenting of subclavian arteries and aortic arch,
it might be important to know the dominant VA in
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decision of which one of the vertebral or subclavian
arteries could be sacrificed in case of proximity to the
lesion (19).

The advent of multidetector CT has allowed less
invasive acquisition of CT angiography from the
aortic arch to the intracranial regions with excellent
three-dimensional (3D) spatial resolution.

The aim of present study was to determine the
characteristics and variations in the origin of
vertebral arteries (VA), its level of entry into
transverse foramen, VA diameter, Length of VA, and
VA dominance.

MATERIALS AND METHODS

This protocol was approved by the AJUMS Ethics
Committee in Human Research
(IRAJUMS.HGOLESTAN.REC.1400.171) and  has
therefore been performed in accordance with the
ethical standards laid down in the 1964 Declaration
of Helsinki. Because the retrospective nature of the
study, the informed consent form was waived.

CT angiograms of 250 consecutive patients, who
underwent CT angiography for reasons other than
evaluation of vertebral artery disease between
September 2021 and September 2022, were
retrospectively reviewed. There were 143 men
(52.7%) and 107 women (47.3%). The mean age of
patients was 60.92+13.44 years (range from 12 to
89). The cervical spine CTs were ordered by
neurosurgeons and neurologists for the evaluation
of carotid artery stenosis, source of subarachnoid
bleeding, or for the workup in multiple trauma
patients. Patients who met the following criteria
were excluded: Subjects with bony abnormalities,
such as Klippel-Feil syndrome and ankylosing
spondylitis, previous history of cervical spine
surgery, patients with rheumatic involvement of the
cervical spine, and those with VA aplasia.

All patients were scanned on a commercially
available CT scanner (Siemens SOMATOM Sensation,
Erlangen, Munchen) equipped with a 64-slice
multidetector array. The standard protocol consisted
of a timed contrast injection, with images obtained
from the aortic arch to the clinoid process.

To identify the level of entrance of the VA into the
transverse foramen, both the axial cuts and the
three-dimensional reconstructions were then
reviewed by an attending board certified
neuroradiologist.
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The right and left subclavian arteries were
identified and traced to their origins and entrances
into the foramen transverse. The lengths of the
prevertebral (V1) and intraforaminal segment (V2) of
the vertebral arteries were measured. The outer
diameters of the prevertebral parts of the vertebral
arteries were then measured at their mid-lengths.

RESULTS

Table 1 exhibits the detected variations in length,
origin, and level of entry of VA. The left VA of 248
(99.2%) and right VA of 227 (90.8%) subjects normally
originated from the subclavian arteries. The left VAs
of aortic arch origin were in 1(0.4%) of cases, and 1
(0.4%) case from distal part of subclavian artery. The
RVAs with aortic arch origin were not detected, and
22(8.8%) patients from distal part of subclavian
artery (SA) (Table1).

The length of V1 and V2 segments was more in
men than in women and showed a significant
difference (P-value < 0.05). However, there was no
sexual dimorphism in the right and left diameter of
VA (Table 2).

The results did not show dual origin of the LVAs
arising from the aortic arch and the left subclavian
artery, also did not encounter any cases of the RVAs
arising from another vessel. Only two male cases,
1(0.7%) patient with LVA and 1(0.7%) patient with RVA
originate from aortic arch was detected.

Most of the LVA entered the transverse foramina
of the sixth (98.8%), and only 1.2% entered fifth
cervical vertebrae. The level of entry of RVA was
96.8% sixth, 2.4% fifth and only 0.4% (1 patient)
fourth cervical vertebrae. The LVA with direct aortic
origin proximal to the LSA entered the transverse
foramen of the sixth vertebra.

The average length of the prevertebral part of the
right and left VA was 81.38+14.38 and 82.49+£14.16
mm, respectively. The length of the prevertebral part
of the LVA of aortic arch origin was 88 mm.

The average outer diameters of the prevertebral
part of the left and right VA were 3.676+0.88 and
3.297+0.85, respectively. No significant difference
was observed between male and female groups. The
outer diameters of the prevertebral part of the LVA
of aortic arch origin measured at mid-length was 2.7
cm. The mean width of the corresponding parts of
the LVA of aortic arch origin compared with of
subclavian origin were not statistically different.

Fisher's exact test was used to compare VA
dominance between both gender. No significant
difference was observed between men and women
(Table 3). Among 250 patients, right side was found
wider in 90(36%) patients and left side was found
wider in 160 (64%) patients (Table 3). There was no
statistically significant relation between gender and
VA dominance.

DiscussiON

The aortic arch and its branches develop in the early
weeks of fetal life (20). The primitive third arch forms
the bilateral carotid arteries; the right fourth arch
forms the brachiocephalic trunk and RSA; and the
left fourth arch forms the aortic arch and LSA and
joins the descending aorta. The primitive third arch
forms the bilateral carotid arteries; the right fourth
arch forms the brachiocephalic trunk and RSA; and
the left fourth arch forms the aortic arch and LSA and
joins the descending aorta. Bilateral VAs are formed
by anastomoses of neural axes between each upper
segmental artery. Normally, only the seventh
segmental artery, which arises from the SA, persists.
Persistence or obliteration of these arches may lead
to anatomical variations.

Vertebral arteries in the brain’'s blood supply has
an essential place as being the second largest blood
supplier. In case of failure of the carotid artery
system with occlusive diseases, VA compensate the
circulation by collateral pathways (21).

The entrance and origin of the VA is essential to
neck tumor resection as vascular damage may occur
when VA goes through the abnormal region.
Additionally, the entrance of the VA is of significance
to the stellate ganglion block, where the VA is
vulnerable to be located in the needle path (22).

The incidence of vertebral artery injury during
anterior cervical medical procedures ranges from
0.22% to 2.77% (23-25). The VA is protected by the
transverse process in the V2 segment, and iatrogenic
injury to the VA is low(26-28). However, if the VA is
outside the bony structure, the risk of injury is
greater such as at the C7 level in normal patients and
in the presence of anomalous VA (27, 29). Therefore,
a complete preoperative understanding of the
patient's anatomy is crucial to prevent arterial injury
and its complications. Various types of VA variation
have been reported in the literature, including
fenestration, anomalous artery entry, and tortuous



course of the VA in V2 segment with foraminal
erosions (29, 30).

The VA may enter the transverse foramen at
other levels than C6 (29). In the literature, the
incidence of normal entrance ranges from 90% to
93% (22, 23). The prevalence of VA entry at C4 ranges
from 0.5% to 1.3%, at C5 ranges from 5% to 6.6%, and
at C7 ranges from 0.8% to 5.4% (22, 29, 31). The
results from this research are consistent with the
previous studies (31). Abnormal level of entrance
was observed in 4.4% of subjects (10 VA course), with
the level of entrance into the right C4 (0.4%), right C5
(2.4%), right C7 (0.4%), and left C5 (1.2%) transverse
foramen. Previous studies show that there were
some differences in the rate of variation of VA (22).
The variability of anomalous entry level of VA is
reported in different population(12, 17, 31-36), which
could be explained by sample sizes and structure
differences. The findings of this study fills in the gap
in Korean population and sheds lights on further
related research with a reliable foundation.

Studies shows the frequency of origin of the left
VA from aortic arch in the range of about 1-3%(37).
The results of present research indicated that the
overall variability of origin of VA was 0.4%. In
addition, this study found that the origin variation of
VA all occurred on the left side, which is consistent
with Yi et al.(22) report.

In this inquiry, VA diameter differences in right
and left side had been evaluated and dominant side
was explained. There are different criteria for the
diagnosis of the dominant VA in literature. In a study
by Zwiebel et al.(38), they found that left VA is wider
than right VA in 73% of a healthy population and
reported this as left VA dominance. Turan-Ozdemir
et al. (39), reported similar results of left VA
dominance in 64% (55/85 patients) with colour
Doppler ultrasound. In contrast to earlier findings,
there are also studies reporting no differences in
diameter of VA, or indicating RVA is wider than LVA
(40). In the present study, the right side was found
wider in 36% of the patients and the left side was
found wider in 64% of the subjects. In a study by
Hong et al. (41), they explained the dominant VA with
criterion of side to side diameter difference > 0.3 mm
in CTA, and found left VA was dominant with a rate
of 69.2% (63/91). Songur et al. (42) measured the
widths of the VA in a large series of an anatomic
study with 109 cadavers, and difference of 1 mm or
greater between the widths of VA was accepted as
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the dominancy criterion. They observed left
dominancy in 21.2% and right dominancy in 17.3%.
This study couldn't find the gold standard criterion
statistically with just only diameter. In the study
ahead, using this criterion (1mm), RVA was dominant
in 35.7%% of the patients and left VA was dominant
in 64.3% of the patients. It seems that diameter could
give an idea in assessment of the dominance but it
must be also supported by velocities and blood flow
volume.

Figure 1. Schematic drawing
of the VA anomaly. This
picture depicts the aortic
arch origin of LVA its
entrance into the transverse
foramen of C4, and the
entrance of the RVA into the
transverse foramen of Cé.
With courtesy to Edwards et
al (10).

Direct aortic origin of the left and right VA between
the left common carotid artery and left subclavian
artery was found 1.4% of cases. In a similar study by
Uchino et al.(17), right VA originating from aberrant
right subclavian artery prevalence was 0.4%. The
findings of the current study do not support the
previous research (4, 43). The study by Ergun et al.(4),
showed 13 patients with the variations in the origin
of the VA (5.1%). They reported the left VA with direct
origin from the aortic arch in 10 (3.9%) patients, and
right VA arising from aberrant right subclavian artery
in 3 (1.2%) patients with no direct aortic origin.

The present study has some limitations. It is a
retrospective single center analysis performed with
only the data of VA diameter and without any flow
parameters. Also the number of the subjects might
be insufficient for such a study about anatomical
arterial variations.
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Table 1. The results of demographic, origin and vertebral artery level of entrance presented as average + standard deviation (95%
confidence interval). All vertebral artery measurement parameters are in millimeters.

Variable Measure
Age MeantSD 60.916+13.44
Sex Female Mean+SD 107(42.8)
Male Number(Percent) 143(57.2)
Proximal Number(Percent) 227(90.8)
Origin of Right vertebral artery Distal Number(Percent) 22(8.8)
Arch Number(Percent) 0
Proximal Number(Percent) 248(99.2)
Origin of Left vertebral artery Distal Number(Percent) 1(0.4)
Arch Number(Percent) 1(0.4)
c4 Number(Percent) 1(0.4)
) c5 Number(Percent) 6(2.4)
Level of entry of Right vertebral artery 6 Number(Percent) 242(96.8)
c7 Number(Percent) 1(0.4)
c5 Number(Percent) 3(1.2)
Level of entry of Left vertebral artery - Number(Percent) 247(98.8)

Table 2. The results of length of VAin V1 and V2 part and diameter of VA presented as average + standard deviation (95% confidence
interval). All the parameters are in millimeters. *significant at a=0.05 Level. a= T-test. B= U-Mann Withney.

Total Male Female P-Value
Variable Name Measure (MeanSD) Measure (MeanSD) Measure (MeanSD)
length R (V1+V2) 115.2+17.924 118.66+18.379 110.59+16.267 0.0001%*2
Right V1 length 33.82+4.592 34.43+4.437 33.02+4.692 0.014*®
Right V2 length 81.38+£14.375 84.23+14.667 77.57+£13.101 0.0001*2
length L (V1+V2) 115.27+16.939 118.6+17.71 110.82+14.796 0.0001*®
Left V1 length 32.78+4.338 33.48t4.172 31.84+4.396 0.003*P
Left V2 length 82.49+14.162 85.12+14.982 78.98+12.195 0.001*2
diameter R 3.297+0.8528 3.357+0.9118 3.216+0.7636 0.1952
diameter L 3.676+0.8829 3.694+0.8786 3.651+0.8922 0.754°

Table 3. The results of VA dominance by digital subtraction angiography among 250 patients in both gender presented. all results
are summarized with number of patients and ratio on male and female.

Right Dominance Left Dominance P-Value
Dominancy
Number(Present) Number(Present)
Male 54(37.8) 89(62.2)
Gender 0.296
Female 36(33.6) 71(66.4)
Total 90(35.7) 160(64.3)
CONCLUSION transverse foramen has been described. This

In conclusion, to be aware of which VA is dominant is
very important in the interventions in which one of
the subclavian arteries must be sacrificed. There are
different diameter criteria in the studies for the
determination of VA dominance. The present study
found that in most cases right VA was dominantin all
the groups. Anomalous entrance of the VA into the

research reports the total prevalence of variations in
origin of the LVA as 0.6 % and of the RVA, 8.8 %, as
diagnosed by CT angiography. If entering above C6,
the pre-entry course of the VA may be at risk for
injury during aortic arch or lower neck surgery below
the entry level. It is also important to recognize
anomalous origin of the VAs before arterial



catheterization to the VAs to reduce examination
time and catheterization failure.
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Cerebral hydatid cyst masquerading as

multiple cystic metastases. A rare

presentation
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ABSTRACT

Hydatid disease is caused by encysted larvae of the dog tapeworm Echinococcus
granulosus. Cerebral hydatidosis is a rare central nervous system larval infection
affecting approximately 2-3% of patients. CT and MRI scans of the boy, described in
our case, showed multiple cystic areas. Total surgical extirpation is the therapeutic
approach, emphasizing the importance of early diagnosis for a favourable prognosis.
Recurrence and unfavourable outcomes are commonly associated with incomplete
excision and surgical rupture, necessitating careful removal to prevent anaphylaxis
and widespread infection. Dowling's technique is the preferred surgical approach
and postoperatively, patients are administered antiparasitic drugs such as
Albendazole or Mebendazole for 6-12 months in most cases, with doses ranging from
10-15mg/kg in divided doses. The results of pharmacological treatment vary across
series, with response rates ranging from 43.5 to 80%. Early diagnosis significantly
contributes to a favourable prognosis by preventing neurological consequences.

INTRODUCTION

Hydatid disease, caused by encysted larvae of the dog tapeworm
Echinococcus granulosus, results in the formation of proctoscoleces.
The primary definitive host of the adult worm is the dog, while
intermediate hosts for the larval stage include sheep and humans.
Human infection occurs through the ingestion of food contaminated
with ova or direct contact with infected dogs. Cerebral hydatidosis is a
rare central nervous system larval infection affecting approximately 2-
3% of patients, with the incidence of hydatid cysts among intracranial
space-occupying lesions varying between 1.6 and 5.2 percent in
different countries (1).

CASE DETAILS

A 16-year-old boy, previously in good health, initially presented to the
Emergency Department after a fall following vertigo. Being vitally and
clinically stable, he was discharged, from the emergency room. Two
days later, he returned with progressive weakness in the right upper
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and lower limbs. On arrival, his Glasgow Coma Scale
(GCS) was 15, but he exhibited reduced strength in
various muscle groups on the right side (right
hemiparesis). CT and MRI scans of the brain with IV
contrast revealed multiple well-defined cystic areas
in the bilateral frontal and parietal regions,
accompanied by moderate surrounding edema and
peripheral ring enhancement on post-contrast
images (shown in figure 1 and 2). The largest lesion,
measuring 3.8x 3.3x 2.3cm, was seen in the left
frontal lobe. Abscess was ruled out due to the
absence of restriction on the DWI sequence, leading
to an initial impression of cystic metastasis. A
subsequent CT of the chest, abdomen, and pelvis
failed to identify a primary source, prompting a
biopsy. Burr hole craniostomy with neuro navigation
was planned. During surgery a grayish cyst-like
structure was identified, which was biopsied.
Postoperatively, the patient remained stable with
mild right hemiparesis, and was discharged. During
subsequent follow up in the clinic, his hemiparesis
improved with no residual deficit. Histopathology
indicated glial tissue with increased cellularity of
lymphocytes and histiocytes (CD 68+). The presence
of round to oval organisms within histiocytes led to
the impression of an infected etiology, prompting
referral to an infectious disease specialist. Positive
echinococcus titre and other tests confirmed the
diagnosis, and the patient commenced albendazole
treatment, with ongoing clinic follow-ups.

Figure 2 showing T1 pre and post contrast images.

DiscussioN
Hydatid disease, also known as echinococcosis, is a
zoonotic parasitic infection transmitted from

animals to humans through the larval stage of
tapeworms (cestodes) belonging to the genus
Echinococcus. In regions where echinococcosis is
endemic, the World Health Organization (WHO)
estimates an annual incidence of human infection
exceeding 50/100,000 persons (2). Approximately 1-
2% of cases involve hydatid cysts affecting the
human brain. Children constitute 80% of cases with
brain  involvement, often associated with
dysfunctional valves or patent ductus arteriosus,
primarily affecting the middle cerebral artery
region(3) . The clinical manifestation of brain hydatid
cysts is determined by their size and location,
commonly presenting with symptoms such as
hemiparesis, convulsions, migraines, vomiting,
altered behavior, and even skull deformities. Over
half of patients exhibit multiple cysts, predominantly
in the cerebral hemispheres but also reported in
various other brain regions (4).

Brain hydatid cysts appear as well-circumscribed
cystic lesions on CT and MRI scans, rarely displaying
daughter cysts. They typically lack wall calcification or
surrounding edema, presenting only cerebrospinal
fluid (CSF) density on CT or signal intensity on MRIs.
Hypo intense rims on T2-weighted images are
characteristic,c with a low signal intensity rim
surrounding the cyst visible on T2-weighted MRIs(5) .
Cysts may appear non-complex or complicated, the
latter involving per cystic edema due to rupture and
leakage(6). Non-complicated cysts on MRI are well-
defined and isointense, lacking rim enhancement or
pericystic edema. Conversely, complex cysts with
superadded infections exhibit hyper intense
pericystic edema and a ring of enhancement, either
fully or partially, due to cyst rupture, making them
prone to recurrence. Brain hydatid cysts should be
considered in the differential diagnosis of cystic
lesions, alongside conditions like arachnoid cysts,
porencephalic cysts, pyogenic abscesses,
neurocysticercosis, and brain metastasis(7).

A high degree of suspicion is crucial when
encountering cerebral cystic lesions on imaging,
especially in regions with a high prevalence of
hydatid disease, to ensure early diagnosis(8). Despite
limited studies in the region, Nasir et al. reported 33
cases of cerebral hydatid cysts, all appearing as
isolated cystic masses on imaging. Clinicians
suspected over 67% of these lesions to be hydatid
cysts, with histopathological examination revealing
transparent, thin-walled, unilocular, or multilocular
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cysts in 52% of cases. The intact cysts had an average
size of 7 cm, displaying standard histology and
responding well to medical treatment following
surgical excision(9) . Total surgical extirpation is the
therapeutic approach, emphasizing the importance
of early diagnosis for favorable prognosis.
Recurrence and unfavorable outcomes are
commonly associated with incomplete excision and
surgical rupture, necessitating careful removal to
prevent anaphylaxis and widespread infection(10).
Dowling's technique is the preferred surgical
approach(11), and postoperatively, patients are
administered  antiparasitic  drugs such as
Albendazole or Mebendazole for 6-12 months in
most cases, with doses ranging from 10-15mg/kg in
divided doses(12). The results of pharmacological
treatment vary across series, with response rates
ranging from 435 to 80%. Early diagnosis
significantly contributes to a favorable prognosis by
preventing neurological consequences.
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ABSTRACT

The clinical manifestations of neurofibromatosis type-1 have in common the
presence of neurofibromas, schwannomas and cafe -au-lait macules, which can
potentially appear within any organ system of the body, involving primarily the
skeleton, skin and soft tissues. The spinal thoracic tuberculoma in neurofibromatosis
is exceptional.

We report here, the case of a 31-year-old male with neurofibromatosis type-1 who
presented a year agoa spinal thoracic pain. The evolution was marked by the
appearance of a dorsal para-vertebral mass, progressively increasing in volume for
03 months.

Neurological Examination revealed normal muscle bulk and tone, and power was
grade 5/5. Deep tendon reflexes were brisk and the Babinski sign was present. The
sensory deficit was present below the D9 level. The remainder of the examination
found a voluminous dorsal para vertebral mass ovoid, renitent, and adhering to the
superficial and the deep planes. There were also "café-au-lait" spots disseminated on
his body. The imagery showed a formation with respect to D11-D12, isointense on T1
and T2, heterogeneously enhanced after contrast with central necrosis, with a
foraminal starting point measuring 85x78x66 mm, with external canal extension.
Laminectomy D11-D12 was performed with incomplete excision of the lesion. The
histological examination showed casein-follicular vertebral tuberculosis, with
secondary abdominal changes. Then the patient was put on anti-bacillary drugs. The
evolution was marked two weeks later by the reappearance of the back pain and the
back mass. On the 42nd day of treatment, the patient had a febrile consciousness
disorder with a GCS of 8, right mydriasis and meningeal stiffness. Paraclinic
investigations revealed tuberculosis meningoencephalitis, responsible for an active
ventricular hydrocephalus associated with a left temporoparietal extrudal
hematoma. An external ventricular shunt was performed as well as a left temporo-
parietal extrudal hematoma evacuation. The patient died 7 days later in a poly
visceral failure chart.
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INTRODUCTION

Neurofibromatosis is the most frequent single-gene
disorder affecting mankind [1]. It is a disorder of
neural crest cells defined as a spectrum of
multifaceted diseases, probably hamartomatous in
origin, involving neuroectoderm, mesoderm and
endoderm [2]. Its clinical manifestations have in
common the presence of neurofibromas,
schwannomas and cafe-au-lait macules, which can
potentially appear within any organ system of the
body, involving primarily the skeleton, skin and soft
tissues. The spinal thoracic tuberculoma in
neurofibromatosis is exceptional. This case appears
to be the first reported case in the literatureof this
kind of tumor.The aim of this case is to report the
clinical outcomes following resection ofspinal
thoracic tuberculoma.

CASE REPORT

A 31-year-old male of low socioeconomic status, with
a history of neurofibromatosis type-1, admitted to
the neurosurgery department for a para-vertebral
mass of progressive installation evolving for 03
months. The history of the disease dates back to a
year before his admission by back painreticent to
symptomatic treatment. The development was
marked by the appearance of a dorsal para-vertebral
mass, progressively increasing in volume for 03
months. The whole evolving in an apyretic context
and conservation of the general state. The initial
clinical examination was aimed at a conscious,
generally good, apyretic and hemodynamically and
respiratoryly stable patient. Neurological
examination revealed normal muscle bulk and tone,
and power was grade 5/5. Deep tendon reflexes
were brisk and Babinski sign was present. Sensory
deficit was present below D9 level. The locoregional
examination found a voluminous  dorsal
paravertebral mass, ovoid, renitent, adhering to both
superficial and deep planes. It measured 23x16 cm
with long axis. There were also "café-au-lait macules”
scattered around his body (Fig.1).

The medullar MRI revealed a formation with
respect to D11-D12, in isotense T1 and T2,
heterogeneously enhanced after contrast with
central necrosis, with a foraminal starting point
measuring 85 x 78 x 66 mm, with external canal
extension that measured 140 x 45 mm. We conclude
that all of the abnormalities described fall within the
scope of an NF1 in its plexiform form with

Spinal thoracic tuberculoma in neurofibromatosis type-1

degenerate neurofibroma D11-D12 (Fig.2). Viral
serology (HIV, syphilis and hepatic) was negative.

Figure. 1: "café-au-lait macules" scattered around his body and
voluminous dorsal paravertebral mass.

We performed median cutaneous incision with
respect to D10-D11. Cutaneous dissection of the cyst
lesion, showed the sero-viscous contents of which
have been removed as a whole. More realization of a
laminectomy of D10-D11 and complete excision of
an epidural and intracellular lesion of the intra-dural
one. This lesion is friable infiltrating with necrosis
(Fig.3).

The histological examination showed the casein-
follicular vertebral tuberculosis, with secondary
abdominal changes (Fig.4). Then the patient was put
on anti-bacillary drugs. The evolution was marked
two weeks later by the reappearance of the back pain
and the back mass. Postoperative spinal MRI showed
a slight increase of the tumor formation with respect
to D11-D12, in isotense T1, T2, heterogeneously
enhanced after contrast with central necrosis, with a
foraminal starting point measuring 88x95x88 mm,
with external canal extension (Fig. 5).
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Figure. 2: The medullar MRI revealed a formation with respect
toD11-D12, inisotense T1, T2, heterogeneously enhanced after
contrast with central necrosis, with a foraminal starting point
measuring 85x78x66 mm, with external canal extension that

measured 140x45 mm. Figure 4: The histological examination showed the casein-

follicular vertebral tuberculosis, with secondary abdominal
changes.

Figure 5: Postoperative spinal MRI showed a slight increase of the
tumor formation with respect to Dii-Di;, in isotense T1, T2,
heterogeneously enhanced after contrast with central necrosis, with a
foraminal starting point measuring 88 x 95x88 mm, with external canal

extension.

At one month of the anti-bacillary treatment, the
Figure 3: Intraoperative images. A: Anatomical identification paFlent had pre;ented a f?brlle .SUbICtena with a_n
with paravertebral swelling, B: the extra-canal and intradural episode of partial convulsive seizures secondarily
lesion infiltrating the dura mater, C: the operative piece generalized. Brain CT-scan showed osteolytic lesions
showing caseous necrosis. on the right side of the frontal bone (Fig. 6. A).



Biologically, there was an increase in gamma GT at
twice the normal. On the 42nd day of treatment, the
patient had a febrile consciousness disorder with a
GCS of 8, right mydriasis and meningeal stiffness.
Brain CT scan had demonstrated ventricular
hydrocephalus with a left temporo-parietal
extradural hematoma (Fig. 6. B, C). We performed an
external ventricular shunt (EVS) in an emergency.
The study of ventricular CSF was predominantly
lymphocyte-positive at 90%. The brain imagery after
EVS showed an increase in the size of the extra-dural
hematoma (Fig.6.D) which was evacuated. The
patient died 7 days later in a poly visceral failure
chart. The autopsy was proposed to find out the
exact cause of the death but the family refused
because of the usual practices.

Figure 6: (A) Brain CT scan showed osteolytic lesions on the
right side of the frontal bone, (B) Brain imagery had
demonstrated ventricular hydrocephalus; (C) left temporo-
parietal extradural hematoma; (D) brain imagery after EVS
showed an increase in the size of the extra-dural hematoma.

DISCUSSION
Neurofibromatosis type 1 (NF1) is one of the most
fascinating and common human mendelian

disorders, affecting approximately one in 3000
persons [5]. From the initial artist renderings of
patients with NF1 in the 15th century and the earliest

Spinal thoracic tuberculoma in neurofibromatosis type-1

medical reports in 18th century, to the complex
molecular genetic studies of the late 20th century,
physicians and lay persons alike have been
fascinated with this disease because of its diverse
manifestations and the unusual and bizarre physical
appearances associated with the disease. Also
known as peripheral neurofibromatosis or von
Recklinghausen disease, NF1 is inherited in an
autosomal dominant pattern. The disease bears the
name of Friedrich von Recklinghausen (1833 - 1910),
a German pathologist, who was not the first to report
the disease but was the first to recognize that the
characteristic peripheral neurofibromas developed
from nervous tissue [7]. Patients with NF1 are
afflicted with a diverse group of lesions that are
predominantly neuroectodermal or mesenchymal in
origin. The large and complex NF1 gene, located on
chromosome 17, encodes a protein named
neurofibromin that works to control cellular
proliferation through complex interactions with
rasoncogenes [8]. Its clinical manifestations have in
common the presence of neurofibromas,
schwannomas and cafe-au-lait macules. The spinal
tuberculoma is exceptional.

Tuberculoma pathophysiology is complicated to
understand.First infected macrophages produce
inflammatory mediators which lead to recruitment
of peripheral macrophages and monocytes. These
infected macrophages migrate to lymph nodes and
disseminate to in other part of body. Enzymes in
lysosome kill mycobacteria then present their
antigens via major histocompatibility complex (MHC)
class Il to CD4 + T cells; CD4 + T-cells secrete
interferon-gamma (IFN-c), which induce macrophage
recruitment and enhance lysis of mycobacteria [4].
The patient body react by forming granuloma
around the infected and necrosed immune cells to
contain it, but viable bacteria has been
demonstrated in these granulomas. This granuloma
formation is though protective sometime may turn
against the patient recovery. This inflammatory

process may get exaggerated and produce
unwanted effects.

The factors favoring the spinal thoracic
tuberculoma being poverty and especially

immunosuppressant, would explain its occurrence in
NF1. Intradural tuberculous granuloma is the most
unusual of all varieties of spinal tuberculous
granuloma and can be classified as (a): endural
(within  two dural layers); (b): subdural; (c):
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subarachnoidal or arachnoidal; (d): intramedullary
and (e): after transgressing cord and arachnoid sited
in subdural spase. According to this classification,
our case is of type a.

According to the case of our patient, two kinds of
parenchymatous involvement can be described:
Type 1: tuberculous meningitis may be present
without CNS tuberculoma formation. Rich [6]
suggested that tuberculous meningitis is precededby
metastatic seeding of Mycobacterium tuberculosis
within the parenchyma or meninges, followed by
growth andeventual maturation of the caseous
tuberculoma into a fluid-filled tuberculous abscess
and rupture of this abscess into the subarachnoid
space causes tuberculous meningitis. In our case, the
contamination of the CNS by the Mycobacterium
tuberculosis could be explained by a dissemination
of the tuberculoma from the operative focus. Type 2:
The development of tuberculous meningitis is a two-
step process. Mycobacterium tuberculosis bacilli
enter the host by droplet inhalation. The initial point
of infection being the alveolar macrophage.
Escalating localised infection within the lung with
dissemination to the regional lymph nodes produces
the primary complex. During this stage there is a
short but significant bacteraemia that can seed
tubercle bacilli to other organs in the body. In those
who develop tuberculous meningitis, bacilli seed to
the meninges or brain parenchyma, forming small
subpial or subependymal foci. These are called Rich
foci. The dissemination to the CNS is more likely,
particularly if miliary tuberculosis develops. The
second step in the development of tuberculous
meningitis is rupture of a Rich focus into the
subarachnoid space.

The occurrence of tuberculous
meningoencephalitis at the end of the anti-bacillary
treatment would come either: The bacillus itself has
many ways to protect itself from immune cells and
antibiotics. One of the main mechanisms is the
inherent resistant nature of mycolic acid present in
the cell wall. The paradoxical aggravation under anti-
bacillary marked by the reappearance of dorsal pain
and back mass two weeks later. The absence of

association of corticosteroid therapy  with
antibacillary therapy could induce this periodontal
aggravation.

This complication of tuberculous meningitis may
present despite adequate antituberculous treatment
[3], as was the case in our patient.

CONCLUSION

The clinical manifestations of the neurofibromatosis
have in common the presence of neurofibromas,
schwannomas and “café-au-lait macules”. However,
an exceptional form of the spinal thoracic
tuberculoma can be seen thus mimicking the already
described forms of neurofibromatosis. The
management of this kind form would perform by an
antibacillary therapy associated with corticosteroid
therapy and the surgery for good outcome.
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ABSTRACT

Background: Spinal meningiomas, originating from arachnoid cap cells, primarily
manifest in the intradural extramedullary region, commonly favouring the thoracic
area, albeit occurrences in the cervical, lumbar, and exceptionally rare sacral regions
have been noted. Among tumours in this location, meningiomas, neurofibromas, and
schwannomas prevail. MRI serves as the preferred imaging modality due to its ability
to often reveal the distinctive dural origin of meningiomas. Microdissection and
resection stand as the established gold standard for treating spinal meningiomas.
Materials and methods: This study, conducted at the Sheri-Kashmir Institute of
Medical Sciences Soura Srinagar in Jammu and Kashmir, India, spanned
approximately 10 years from August 2009 to July 2017 retrospectively and August
2017 to July 2019 prospectively. It encompassed patients diagnosed with spinal
meningiomas, evaluated through comprehensive history-taking, clinical
examinations, biochemical assessments, and radiological studies. Surgical
interventions predominantly involved laminectomy, aiming for gross total or subtotal
tumour resection using a posterior approach. Postoperative complications, such as
CSF leaks and wound infections, were monitored, and the duration of hospitalization
was recorded from the surgery date to discharge.

Results: The results showed a mean patient age of 44 years, with the youngest being
16 years old and the eldest 70 years old. Most patients (40.90%) fell within the 41-50
age group, with 22.72% in the 51-60 age bracket. Among the 22 patients, females
comprised 68.18%, resulting in a female-to-male ratio of 2.1:1. The most prevalent
symptoms were pain (77%) and weakness (63%), followed by bladder dysfunction
(27%). Tumors were primarily located in the thoracic region (68%), with other
occurrences in the cervicothoracic (18%), thoracolumbar (9%), and cervical (4.54%)
areas. Posterior surgical approaches were utilized in 91% of cases, with the remaining
9% employing an anterior approach. Tumour sizes varied, with 22.72% smaller than
2 cm and 77.27% larger, having a mean greatest diameter of 2.9 cm. Postoperative
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complications were observed in 9.09% of patients, with CSF
leaks and wound infections being the major concerns, while
91% experienced no complications.

Conclusions: In conclusion, this study illustrates spinal
meningiomas as slow-growing tumors with a subtle onset,
typically appearing in the 4th to 5th decade, and exhibiting a
female predominance with a 2:1 ratio. Pain emerges as the
most prevalent presenting symptom. Surgery stands as the
primary treatment, albeit accompanied by potential
postoperative complications such as wound infections, CSF
leaks, or bowel and bladder dysfunctions. Adjuvant
radiotherapy might be considered for recurrent or advanced
disease to offer palliative relief.

INTRODUCTION

Spinal meningiomas are tumors that originate from
arachnoid cap cells and are commonly situat-ed in
the intradural extramedullary region [1, 2]. They
predominantly occur in the thoracic region but can
also be found in the cervical, lumbar, and rarely, the
sacral area [3-5]. The challenges posed by these
tumors during surgery vary based on their location
along the spinal cord, as well as their orientation—
whether anterior or posterior—to the spinal cord
and cauda equina. In adults, intradural
extramedullary spinal cord tumors constitute
approximately two-thirds of all spinal cord tumors,
with meningiomas, neurofibromas, and
schwannomas being the most common types in this
location [7, 8].

Most of the spinal cord meningiomas are situated
in the thoracic region, particularly in females, as they
occur about 2.5 times more frequently in women
than in men, with approximately 75-85% arising in
females. Overall, spinal meningiomas represent
around 7.5-12.7% of all meningiomas, occurring less
frequently than their intracranial counterparts. Most
of these tumors are located laterally and typically
emerge from arachnoid cap cells within the dural
root sleeve [6]. MRI serves as the imaging modality of
choice due to its ability to often delineate the
characteristic dural origin of meningiomas. These
tumors typically appear isointense or hy-pointense
to gray matter on T1 and isointense or hyperintense
on T2. Radiographically, intraspinal meningiomas
display avid homogeneous enhancement with
contrast. Additionally, enhancement of the adjacent
dura, known as the dural tail, is a characteristic
feature of meningiomas [10]. Clin-ically, intraspinal
meningiomas may present with varying symptoms
depending on their location along the spinal axis.
Meningiomas located in the craniovertebral junction

and high cervical re-gion often present with
myelopathic features and suboccipital pain. They
may also cause atrophy of intrinsic hand muscles.
Generally, spinal tumors may lead to a dull ache and
radicular symp-toms if a nerve root is involved.
Bowel and bladder involvement may manifest as a
late symptom [13]. Microdissection and resection
remain the gold standard for treating spinal
meningiomas [9, 14-17].

Cervical meningiomas can pose surgical
challenges, especially when they are situated an-
terior to the spinal cord, unlike thoracic
meningiomas, which tend to favor more posterior
and lat-eral locations [18]. Occasionally, a spinal
meningioma may present as a dumbbell tumor
resem-bling a nerve sheath tumor. Resection of this
type of tumor might involve sacrificing the affected
nerve root with minimal neurological consequences
[6, 19]. The exceedingly rare intramedullary
meningioma has been treated using surgical
cordectomy as the operative technique [20].
Although uncommon, meningiomas have been
described in the lumbosacral spine [21-25]. Multiple
spinal meningiomas are relatively rare, especially
without an association with NF2 [26, 27]. Treatment
options for multiple spinal meningiomas must
consider their locations, symptoms, and the pa-
tient's premorbid condition.

Symptomatic meningiomas causing significant
myelopathic or radiculopathic features should be
treated rather than managed conservatively. Post-
surgical com-plications such as CSF leak, wound
infection, and bladder/bowel dysfunction may occur
[4, 9, 12]. Surgery remains the primary treatment for
symptomatic multiple spinal meningiomas, though
ra-diation therapy may be considered as well [28].
Adjunctive radiation therapy is primarily consid-ered
in cases of subtotal resection of recurrent
meningiomas or when the risk of surgery is high due
to patient comorbidities or tumor location.

The Department of Neurosurgery at Sheri-
Kashmir Institute of Medical Sciences (SKIMS) has
been managing spinal cord and spinal column
tumors since 1982. It is a well-equipped and state-of-
the-art center for spinal cord tumor management.

MATERIALS AND METHODS

This study was conducted in our hospital. It
encompassed both prospective and retrospective
anal-yses, spanning approximately 10 years from
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August 2009 to July 2017 retrospectively, and August
2017 to July 2019 prospectively. The study involved
patients diagnosed with spinal meningioma. Patients
underwent comprehensive evaluations
encompassing history-taking, clinical examina-tions,
biochemical assessments, and radiological studies.

The patient history collection comprised details
such as age, gender, presenting symptoms (pain,
numbness, swelling, bowel and urinary dysfunction,
leg weakness), symptom duration, any associated
comorbidities or prior malignan-cies, and past
surgical history. Clinical examinations were
conducted, including general physical examinations,
systemic assessments (chest, cardiovascular system,
abdomen), and detailed neuro-logical examinations,
in addition to local assessments. Biochemical and
hematological investiga-tions followed these
examinations. Subsequently, radiological
assessments were performed, in-volving plain X-rays
of the spine and CT scans that revealed features such
as calcification in cer-tain patients.

MRI scans were then conducted, demonstrating
characteristic  features indicative of spinal
meningiomas. Surgical interventions primarily
consisted of laminectomy coupled with total or
subtotal tumor resection via a posterior approach.
Postoperative complications, including CSF leaks and
wound infections, were monitored. The duration of
hospitalization was calculated from the surgery date
to the discharge date. Patients were regularly
followed up as outpatients to moni-tor for
recurrence or metastasis. For patients exhibiting
recurrence, reoperation or radiation thera-py was
employed based on the disease status (locally
recurrent or metastatic). The Department of
Neurosurgery at SKIMS has been actively involved in
surgically managing all types of spinal tu-mors,
receiving collaborative support from other affiliated
departments.

RESULTS

The mean age of the patients was 44 years, with the
youngest patient being 16 years old and the eldest
70 years old. The largest proportion of patients
(40.90%) fell within the 41-50 age group, followed by
22.72% in the 51-60 age bracket (Table 1). Among the
22 patients, 15 (68.18%) were females and 7 (31.81%)
were males, resulting in a female-to-male ratio of
2.1:1 (Table 2). The most prevalent symptom
reported was pain, observed in 17 patients (77%),

followed by weakness in 14 patients (63%), and
bladder dysfunction in 6 patients (27%) (Table 3).
Normal muscle pow-er (grade V) was present in 9
patients (41%), while decreased power (grade Ill/IV)
was noted in 13 patients (59%) (Table 4). Regarding
tumor location, 15 patients (68%) had thoracic
tumors, 4 (18%) had cervicothoracic tumors, 2 (9%)
had thoracolumbar tumors, and 1 (4.54%) had a
cervi-cal tumor (Table 5). The posterior approach was
employed in the surgical management of 91% of
patients, whereas an anterior approach was used in
only 2 patients (Table 6). In terms of tumor size,
22.72% of patients had tumors smaller than 2 cm,
while 77.27% had tumors larger than 2 cm. The
tumor sizes ranged from 1 to 4 cm, with a mean
greatest diameter of 2.9 cm (Table 7).

Table 1. Age distribution of study population

Age(years) N %
0-9 0
0

10-18 2 9.09
19-30 1 4.54
31-40 3 13.63
41-50 9 40.90
51-60 5 22.72
61-70 1 4.54
71-80 1 4.54
Total 22 100
Mean 44 Years.
Range 16-70 Years.

Table 2. Gender Distribution
Gender N %
Male 7 31.81
Female 15 68.18

Table 3. Clinical Features

Symptoms N %

Pain 17 77.27
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Weakness of | 14

legs

63.63

Swelling 3

13.63

Bowel 6
dysfunction

27.27

Bladder 4
symptoms

18.18

Mean
duration of
symptoms

20 months

Table 4. Neurological Muscle Power (Grade)

Neurological grade

%

Grade Ill/IV

59

Grade V

41

Table 5. Location of tum

ors

Site/ Location

N

%

Cervical

01

4.54

Cervicothoracic

04

18.18

Thoracic

15

68.18

Thoraco-lumbar

02

09

Table 6. Surgical approach to tumor

Type of Approach

N

%

Anterior

2

Posterior

20

91

Table 7. Size of tumour (cm)

Tumor size

N

%

Number of Patients
having size of Tumor
<2cm

22.72

Number of Patients
having size > 2 cm

77.27

Range of tumor size

1-4cm

Mean
diameter

greatest | 2.9 cm

Table 8. Postoperative complications

complication

Complications Number of %
Patients (N)

CSF leak 01 4.54

Wound infection 01 4.54

Total patients having 02 9

complication

Total patients without 20 91

Table 9. Duration of hospital stay

Duration of No. of Percentage
hospital stay patients
0-5 days 3 13.63
5-10 days 8 36.36
10-15 days 5 22.72
15-20 days 4 18.18
20-25 days 1 4.54
25-30 days 0 0
30-35 days 0 0
35-40 days 1 4.54
Total=22 100

Table 10. Local recurrence

N %
Recurrence 02 9
No Recurrence 20 91
Table 11. Adjuvant therapy
Adjuvant therapy N %
Given 1 5
Not Given 21 95
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Post-operatively, 2 out of 22 patients experienced
complications, resulting in an overall complication
rate of 9.09%. These complications included CSF leak
in 4.54% of patients and wound infection in 4.54%.
The majority, 91% of patients, did not experience any
postoperative complications (Table 8). Regarding
hospital stays, 13.63% of patients stayed for 0-5 days,
36.36% stayed for 5-10 days, 22.72% stayed for 10-15
days, 18.18% stayed for 15-20 days, 4.54% stayed for
20-25 days, and 4.54% stayed for 35-40 days.

The range of hospitalization duration varied from
5 to 40 days, with a mean duration of 11 days, as
depicted in Table 9. Local recurrence of the disease
was observed in 2 patients (9%) among the 22 after
a period of 5 years post-surgery within a 7-year
follow-up period (Table 10). Adjuvant radiotherapy
was administered to 1 patient (4.54%) out of the 22
as part of the treatment regimen (Table 11).

DISCUSSION

Age of presentation

Spinal meningiomas are slow-growing tumors. Most
cases are observed in the 4th to 5th decade of life. In
our study, the mean age of presentation was 44
years. The youngest patient was 16 years old, while
the eldest was 70 years old. Most patients fell within
the 40-50 age group. Levy W] et al. [4], in their study
published in 1982, described a mean age of 53 years.
lacob et al. [5], in a study published in 2014, found a
mean age of 54 years.

Gender prevalence

In our study of spinal meningiomas, out of 22
patients, 7 were males and 15 were females, result-
ing in a female-to-male ratio of 2:1. Several
investigators have reported a higher prevalence of
women in their series [3, 4, 29, 30, 31]. Gezen F et al.
[9] found a female-to-male ratio of 3:1 in their study.
Namer |) et al., in their 1987 study, observed 29
patients with 22 females and 7 males, indicating an
approximate F:M ratio of 3:1 [29]. Roux FX et al.
reported 54 patients, including 43 females and 11
males, with an F:M ratio of 3.9:1. It has been
suggested that spinal meningiomas occur more
frequently in fertile women due to a possible
dependency of these tumors on sex ster-oid
hormones [5, 31].

Symptoms
In our study, pain or low back ache was the

predominant symptom, present in 17 cases
(77.27%). This aligns with other studies that also
describe pain or low back ache as the most common
symp-tom [3-5, 9, 29, 32]. Other symptoms identified
included weakness and/or numbness in the legs
(63.63%), swelling (13.63%), bowel dysfunction
(27.27%), and bladder symptoms (18.18%). Namer ]
et al., in their 1987 study, reported that pain was the
presenting symptom in all patients [29]. Calogero JA,
in a study published in 1972, similarly described pain
as the most frequent pre-senting symptom [33].

Duration of symptoms

In Spinal meningioma, the mean duration of
symptoms from onset to presentation is typically
long. In our study, the mean duration between
symptom onset and presentation was 20 months.
Levy W) et al. described a mean duration of
symptoms of 23 months in their study [4]. Riad et al.
reported a clinical symptom formation range
between 12 to 24 months, with an average complaint
period of 13.7 months [34].

Surgical treatment and approaches

Microdissection and  resection of  spinal
meningiomas remain the gold standard for
treatment. The steps involved in the resection of a
dorsal meningioma are depicted in Figure 1. The
primary and most effective treatment method is
laminectomy with complete excision of the tumor. In
our study, the predominant surgical procedure
utilized was tumor resection via a posterior
approach. Among 22 patients, 20 (91%) underwent
complete excision of the tumor, while only 2 (9%) had
subtotal excision. The rate of total tumor resection
reported by various studies differs: Levy et al. [4]
reported 82%, Roux et al. [3] reported 92.6%, and
Solero et al. [5] reported 97%. Certain tech-nical
difficulties in tumor resection, particularly due to
ventral location in relation to the cord, were
encountered. However, even in these challenging
cases, tumor resection can be performed with
meticulous  microsurgical techniques. Recent
advancements in neuroradiological and neuro-
surgical techniques have significantly improved the
outcomes of surgical treatment for spinal tu-mors.
Postoperative results varied based on factors such as
preoperative neurological status, tumor nature and
location, and the type of surgical resection. Some
authors suggested that epidural men-ingiomas [4]
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and those situated close to a radicomedullary artery
posed surgical challenges. There was a belief that
spinal meningiomas with epidural extension
exhibited a more rapid clinical course and were more
invasive [4]. However, others argued that these
lesions did not represent a unique subgroup and
exhibited an indolent course [3, 5]. Roux et al. [3]
cautioned against total re-section of spinal

meningiomas near a radicomedullary artery that
feeds the anterior spinal artery, citing it as a risky
procedure. They advocated for the use of spinal
angiography in all such cases.

Figure 1. Intraoperative photographs showing the
dorsal meningioma (a) after dura opening, (b)
following complete resection including the dural
attachment and (c) after tumor removal the ven-tral
displacement of the spinal cord.

Tumor size and location

Spinal meningiomas are most observed in the
thoracic region. In our study, the tumor was in the
thoracic region in 15 patients (68.18%),
cervicothoracic in 4 (18.18%), thoracolumbar in 2
(9%), and cervical in 1 (4.54%) of the patients. These
findings are consistent with studies published in the
literature[9, 29, 34, 35]. An example of a contrast MRI
sagittal section showing a meningioma (arrow) at the
T12-L1 level is presented in Figure 2. Namer | et al.
reported 29 cases of spinal meningiomas, with 19
lesions in the thoracic regions and 10 in the cervical

region [29]. Gezen F et al. reported that 55% of
tumors were in the thoracic region [9]. The incidence
of thoracic location was reported by Levy et al. as
75% [4], and by Roux et al. as 79.5% [3].

In our study, the size of the tumor ranged from 1
to 4 cm, with a mean greatest diameter of 2.9 cm.
The tumor size was greater than 2 cm in 17 patients
(77.27%) and less than 2 cm in 5 patients (22.72%).
Namer | et al. noted that the size of the excised
tumors varied between 1 x1cmand 4.5x 1.5cm [29].
An example of a T1-weighted axial contrast MRI scan
displaying the ventro-lateral displacement of the
spinal cord (arrow) due to tumor compression is
depicted in Figure 3.

Figure 2. Contrast MRI sagittal section showing
meningioma (arrow) at T12-L1 level.

Figure 3. T1-weighted axial contrast MRI scan
showing the ventro-lateral displacement of the
spinal cord (arrow) due to tumor compression.
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Postoperative complications

n our study, among 22 patients, only two (9.09%)
experienced postoperative complications, which
included one patient with a CSF leak and another
with a wound infection. Gezen F et al. [9] ob-served
postoperative complications in three patients,
including one with cerebrospinal fluid leak-age and
two with wound infections. Namer ] et al. [29]
reported postoperative complications in seven
patients, with two patients (7%) experiencing wound
infections, one patient (4%) with pul-monary
infection, one patient (4%) with urinary infection, one
patient (4%) with hematemesis, and one patient (4%)
with thrombophlebitis. Unfortunately, one patient
died on the 11th postoper-ative day. Gottfried ON et
al. noted a low incidence of CSF leakage ranging from
0% to 4% [14].

Duration of hospital stay

In our study, the mean duration of postoperative
hospital stay was 11 days. This duration was cal-
culated from the day of surgery to the day of
discharge. Patients who experienced postoperative
complications tended to have longer hospital stays.
The range of hospital stay duration varied from 5
days to 40 days.

Recurrence

In most series, the recurrence of spinal meningiomas
is rare, with rates typically ranging from 1.3 to 6.4%
[3-5, 9, 36, 37, 39]. Ketter et al. [37] reported that
spinal meningiomas lack the genetic abnormalities
found in recurrent intracranial meningiomas,
indicating a more indolent nature for these tumors.
The slow growth of spinal meningiomas and their
occurrence in patients at an ad-vanced age
contribute to the low recurrence rates [36]. In our
study, only 2 out of 22 patients (9%) were observed
to have experienced recurrence. The patient who
underwent  subtotal resection ex-perienced
recurrence after 5 years, while the tumor that was
completely resected recurred after 7 years. Long-
term studies on spinal meningiomas, especially
regarding late recurrences, are lim-ited. Levy et al.
reported a late recurrence rate of 4% [4], while
Solero et al. reported it as 1.3% [5]. Mirimanoff et al.
[30] provided insight into recurrence-free rates after
surgery. After total re-section, the rates were
reported as 93%, 80%, and 68% at 5, 10, and 15 years,
respectively. In con-trast, after subtotal resection, the

progression-free rates were significantly lower at
639%, 45%, and 9% during the same periods.

Adjuvant therapy

While the preferred treatment for spinal
meningioma is the complete removal of the tumor
through microsurgery, Mirimanoff et al. [30]
suggested considering radiotherapy as an additional
treatment following subtotal excision. Radiotherapy
can effectively manage unexcised or recur-rent
meningiomas. However, the role of radiotherapy in
treating spinal meningioma remains con-troversial
due to the disease's slow progression and the
potential harm caused by radiation. Gezen et al [9]

reported no recurrence in two patients who
underwent radiotherapy for recurrent spinal
meningioma. Roux et al [3] also conducted

radiosurgery in two patients with recurrences, and
both patients remained stable during a follow-up
examination after 5 years. The authors recommend
radiotherapy in specific scenarios: early recurrence
post-total or subtotal resection, situations where
complete resection isn't feasible due to tumor
location or the patient's medical condition, and
instances where there's a high surgical risk. If early
recurrence occurs, reoperation should pre-cede
radiotherapy. In our study, adjuvant therapy in the
form of radiotherapy was administered to one
patient who experienced lesion recurrence after 5
years.

CONCLUSIONS

This study illustrates that spinal meningioma is a
slow-growing tumor typically manifesting be-tween
the fourth and fifth decades of life, with a female-to-
male ratio of 2:1. Pain stands out as the most
common symptom during presentation. Radiological
investigations such as CT scans and MR play a crucial
role in providing a presumptive diagnosis of spinal
meningioma, later con-firmed by histopathological
examination. Surgery remains the primary
treatment, albeit it may be complicated by
postoperative issues like wound infection, CSF leak,
or bowel/bladder dysfunc-tion. In cases of
recurrence or advanced disease, adjuvant therapy in
the form of radiotherapy can be considered for
palliative purposes.
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ABSTRACT

Gravitational bullet injuries, prevalent in the Middle East, particularly in Iraqg, are a
critical public health concern, often resulting from celebratory gunfire. In our
Neurosurgery Teaching Hospital in Baghdad, we've observed that these injuries differ
significantly from high-velocity gunshot wounds, characterized by lower velocity and
energy due to air resistance and gravity. Unlike high-velocity bullets, gravitational
bullets cause less bone fragmentation and radial brain damage. These bullets often
end up on the tentorium or within the skull base, rarely transgressing the cerebellar
tentorium on a vertical trajectory. We've also noticed that the pediatric population,
particularly younger children, are more susceptible to these injuries due to their
thinner cranial vertex, leading to more penetrating injuries and aggressive brain
bleeding. Our observations underline the need for focused studies, awareness,
regulation, and tailored management strategies to combat this overlooked issue.

We are writing to share our experience and observations with
gravitational bullet injuries, an overlooked yet pressing public health
issue, particularly prevalent in the Middle East and notably in Irag. Over
the years, celebratory gunfire, a culturally ingrained phenomenon
usually associated with joyous occasions such as weddings and national
team football victories or sorrowful events such as the death of a head
of a tribe. Nonetheless, it has inadvertently led to a significant number
of such injuries [3].

From our extensive experience treating these victims In the
Neurosurgery Teaching Hospital in Baghdad; we have gleaned some
unique insights. The nature of gravitational bullet injuries differs greatly
from that of high-velocity gunshot wounds due to the distinct ballistic
characteristics of the projectiles. Gravitational bullets are typically
characterized by a lower velocity, attributable to air resistance and the
force of gravity, as they descend from their peak altitude. Despite the
reduced speed, their mass and shape still have the potential to inflict
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significant damage upon impact. In contrast to high-
velocity bullets, these falling bullets deposit less
kinetic energy into the skull, which decreases the
likelihood of extensive bone fragmentation and
secondary projectiles [2]. This lower energy transfer
also leads to a lesser cavitation effect, a

phenomenon of temporary cavity formation seen
prominently in high-velocity gunshot wounds, which
causes extensive radial damage to the surrounding
brain tissue [1].

A 23-year-old male presented to our emergency department
with an acute onset of scalp bleeding. His initial head computed
tomography (CT) scans (Axial and coronal views) show (A, B
respectively) intraparenchymal hemorrhage near the superior
sagittal sinus. (C) is sagittal bone window CT scan exhibits the
metallic object (bullet) penetrating the calvarium near the
vertex and reaching the parenchyma of the brain.

Our experience has consistently shown that
gravitational bullets, upon entering the cranium,
invariably end up either on the tentorium or within
the skull base. In the cases that we encountered,
gravitational bullets can rarely transgress the
cerebellar tentorium if they have a vertical trajectory.
This uniform pattern provides us with valuable
information about the behavior of these projectiles
after cranial entry and may inform surgical
approaches, enabling more precise predictions
about injury patterns, and improving patient
outcomes. Such a phenomenon could be explained
by the fact that gravitational bullets are low-velocity
projectiles with low kinetic energy.

Furthermore, a particular observation from our
clinical  experience that warrants further

Cravitational bullet injuries

investigation concerns the pediatric population's
vulnerability to gravitational bullet injuries. A study
conducted by Smith et al. [4] demonstrated that both
bone thickness and density increase with age from
birth to 18 years, which suggests that the pediatric
population, particularly younger children, have a
significantly thinner cranial vertex than adults.

The reduced cranial thickness may render this
age group more susceptible to severe injury from
gravitational bullets. Further, we have noticed that
following a gravitational bullet wound, brain injury,
and bleeding tend to be more aggressive than adults
as the protective vertex bone is thinner resulting in
more penetrating injury.

Understanding the reasons behind this more
severe presentation in the pediatric population is
crucial. Contributing factors could be multifactorial,
encompassing the relative vascularity of the
pediatric brain, differing responses to trauma, and
even elements relating to the gravitational bullet's
trajectory or velocity. These observations
underscore the importance of tailoring management
strategies to this age group, with a focus on prompt
surgical intervention and rigorous hemodynamic
stabilization.

These observations highlight the urgent need for
comprehensive studies on the unique characteristics
and outcomes of gravitational bullet injuries. Given
the specific cultural context driving the prevalence of
these injuries, it is imperative to understand the
unique dynamics of gravitational bullet wounds.
Greater awareness, stricter regulation of celebratory
gunfire, and enhanced understanding of these
injuries can collectively contribute to reducing their
incidence and improving care for those affected.
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ABSTRACT

Introduction: The posterior auricular artery (PAA) is the preterminal branch of the

external carotid artery (ECA), arising superiorly to the occipital artery (OA). The PAA
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INTRODUCTION

The posterior auricular artery (PAA) is the preterminal branch of the
external carotid artery (ECA), arising superiorly to the occipital artery
(OA), and coursing between the mastoid process anteriorly and the
external auditory meatus posteriorly, accompanying the posterior
auricular nerve (16). PAA crosses the facial nerve inferior to the
stylomastoid foramen and then mainly passes lateral to it. PAA gives off
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three to five branches supplying part of the external
ear, retroauricular area, and part of the facial nerve
(15), finally terminating at any point distally between
its origin and the vertex (24).

The PAA has limited considerations in standard
neurosurgical and neuro-radiographical textbooks
(25). Therefore, we conducted this study as an
overview to illustrate all neurosurgical aspects
regarding this artery, its reconstructive uses, and
anatomical variation.

METHODS

We searched the databases Google Scholar and
PubMed for articles about the PAA, its anatomical
variants, and neurosurgical applications. We used
the following search terms: “posterior auricular
artery vascular anatomy”, “posterior auricular artery
neurosurgical applications”. We included the studies
that were written in English and had suitable
methodology for the targeted data, while exclusion
criteria were, i) non-English papers, ii) questionable
results. Results were categorized and selected
appropriately. The data extraction includes surgical
anatomy and neurosurgical application of the PAA.

RESULTS

We located 30 publications that go into the
anatomical differences and neurosurgical uses of the
PAA. Considering the inclusion and exclusion criteria,
review the original articles and papers on PAA that
are currently available. We outline the surgical
anatomy of PAA, including its origin, path, branches,
diameter, and length. Also covered were the uses of
PAA and its significance in neurosurgical bypass and
aneurysms.

DISCUSSION
1.PAA anatomy

1.1 PAA Origin

The PAA is a posterior branch of the ECA, arising 25
mm superior to the OA between the parotid gland
and stylomastoid foramen (26). PAA originates
independently from ECA in most instances: in 10-
15% of cases it arises with the OA as an occipito-
auricular trunk. PAA could arise with the Ascending
Pharyngeal Artery in 1-7% (15,30). However, some
authors reported the absence of PAA in two out of
ten specimens (23).

1.2 PAA Course

PAA arises lateral to the upper border of the
posterior belly of the digastric muscle, ascending
backward and upward along or superficial to it. At
the level of the stylomastoid foramen, it runs in the
auriculo-mastoid sulcus, between the mastoid
process anteriorly in at a mean distance of 0.29 cm
and the external auditory meatus posteriorly at a
mean distance of 1.19 cm parallel to the Frankfort
plane. At this point, PAA is superficial, suprafascial,
and subcutaneous (16,26).

PAA's position on the anterior surface of the
mastoid process is considered to be an important
landmark in the surgical identification of the facial
nerve in parotidectomy (3). Its location posterior to
the external auditory meatus parallel to the
Frankfort plane is considered to be ideally located in
the posterior border of a standard craniotomy
around the Sylvian point (18).

PAA continues to ascend vertically under the
cranial surface of the concha, deep into the posterior
auricular muscle (15). PAA terminates in the
temporoparietal area in 33% of individuals; this
variant of PAA is ideally appropriate to establish an
extracranial-intracranial bypass when the vessel
diameter is large enough. PAA usually terminates in
the posterior auricular region in 67% (8,20).

1.3 PAA Branches

PAA divides into auricular and occipital branches;
these branches usually arise superior to the mastoid
tip to supply the digastricc  stylohyoid,
sternocleidomastoid muscles, and the parotid gland
(6). The mean distance of the auricular branch above
the mastoid tip was 0.68 cm, and the mean distance
of the occipital branch above the mastoid tip was
0.84 cm (16). The former branches ascend the
posterior auricular surface upward and vertically
towards the helical rim, passing over the helical
margin (20). The later branch can sometimes be
palpated as it crosses the mastoid process (1).

The Transverse Nuchal is the third and terminal
branch of PAA that anastomoses with the
contralateral branch on the midline. And its presence
makes the cutaneous territory of the PAA extend to
an inferior strip below the OA's territory. Touré et al.
reported the constant presence of this branch,
although it was mentioned only once in the literature
(26).
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Some studies reported the presence of parotid and
sternocleidomastoid branches separately in some
dissections below the level of the mastoid tip (17).
The Stylomastoid artery is a small branch that arises
from PAA and enters the stylomastoid foramen with
the facial nerve to supply the extracranial part of the
nerve, the tympanic cavity, the mastoid antrum, and
the semicircular canals (6,7). The stylomastoid artery
originates from the PAA in 70% of the specimens,
from the OA in 20%, and directly from the ECAin 10%
in a study by Moreau et al. (17). Whereas, the
stylomastoid artery originates from the OA in over
than three-quarters of patients, and less commonly
from the PAA in less than one-quarter of the patients,
in another study by Upile et al. (Figure 1) (27).

PAA is the dominant artery supplying the ear,
including retroauricular skin, in 93% of cases, in the
other 7%, OA dominates (29). The angiosome of PAA
is found to supply an area of 6*10 cm2, extend
anteriorly from the tragus to 5 cm far from the
external auditory canal posteriorly, and supply 6 cm
inferior to the mastoid process (21).

Figure 1. PAA main branches A; stylomastoid artery, B;
auricular branch, C; transverse nuchal artery, D; occipital
branch. Dotted line represents upper helix margin. Faded
artery is superficial temporal artery.

PAA Length

PAA is acknowledged to be one of the ECA's small
branches that supplies a small area behind the ear
and parts of the external ear relatively (25). However,
a recent study by Tokugawa et al. determined a
variation in the length of PAA by classifying it into
four main types, according to its length on the
angiography, as shown in (Table.1). This classification
did not include the diameter and the size of the PAA
(24).

Table 1. Novel Classification of the Posterior Auricular Artery
Based on Angiographical Appearance (24)

Type | Termination Angiographical %
characteristics
A between PAA | Short, slender, and | 15.1%
origih and the | sometimes so faint
center of the | thatcineangiography
external auditory | was needed for
meatus identification
B between the | More obvious than | 34.9%
center of the | Type A but still
external auditory | slender
meatus and the
top of the helix
C between the top | Easy to identify but | 48.8%
of the helix and | not as large as the
the vertex superficial temporal
artery or OA
D PAA reaches up | As large as, or | 1.2%
to the vertex in sometimes  larger,
than the or OA

Type D Type D

Figure 2. classification of PAA based angiografical appearance,
type C,D are possible candidates for extracranial intracranial
bypass for cerebral revascularization. Dotted line represents
upper helix margin.

2. Neurosurgical applications

2.1 Bypass

PAA is considered as an extra-vessel within the scalp
vasculature, which raises its importance as a donor
artery (8). PAAvariant that reach the temporoparietal
area with at least 1 mm of diameter can be used for
various extracranial-intracranial bypass surgeries;
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this type of PAA has a prevalence of 5.7% (25). Usual
arterial candidates for extracranial-intracranial
bypass surgeries are the superficial temporal artery
and to a lesser extent, OA can be used (9).

PAA can be used as a donor artery for
extracranial-intracranial bypass revascularization
surgeries for multiple cerebrovascular cases,
including initial and refractory cases of moyamoya
disease. Initial management by PAA was primarly in
cases of an absent parietal superficial temporal
artery, which was found in 50 autopsy specimens
(13).

PAA-based bypass can also be used in intracranial
aneurysm surgery with a decided sacrifice of the
parent vessel. It can also be used in symptomatic
atherosclerosis of internal carotid artery (ICA).

2.2 Embolization

Embolization of PAA has been reported in the
literature in multiple aspects. Embolization of ECA for
endovascular treatment of dural arteriovenous
fistula or decompression of skull base tumors has
some concerns, regarding extracranial-intracranial
anastomosis routes to avoid the possible risk of
embolic stroke or cranial nerve palsies (7). One of
these anastomoses involves PAA extracranially
through the stylomastoid artery that supplies cranial
nerve VII. Proximal embolization of these arteries
with particles can lead to temporary cranial nerve
palsy, while distal embolization with either particles
or liquid materials will lead to permanent cranial
nerve palsy or can open connections with the
intracranial contributions (22). Direct embolization of
PAA  as a feeder for dural arteriovenous
malformation (AVM) has been reported to be safe,
without significant complications or recurrence.
However, Jankowitz BT et al, reported ear necrosis
after onyx embolization of PAA for dural AVYM (10).

2.3 AVM of PAA

AVM most commonly occurs intracranially, it is rare
to occur in the head and neck region. A retrospective
review of extracranial AVMs revealed 61% of external
AVMs occur in the cheeks, followed by the ear area
in 16% of cases, and the PAA is the main feeder artery
(11). Traumatic AVMs of the PAA, unlike spontaneous
ones, occur commonly in the head and neck area,
most likely due to penetrating trauma (5). Both kinds
of scalp AVMs present as pulsatile masses, palpable
thrills, machine-like bruits, pulsatile tinnitus and

cranial nerve compression. SW Cha et al, reported a
2-month-post-trauma PAA- internal jugular vein
fistula (4).

Color doppler ultrasound guided by MRI, CT scan,
and angiography is used to aid in the diagnosis of
scalp AVMs (4). PAA could be a feeder artery for
retroauricular AVMs or dural AVMs.

Management of the scalp PAA-originating AVM
require total removal by excision or embolization of
the feeder artery. Partial removal of such lesions
could lead to recurrence (4).

2.4 Aneurysm of PAA

Aneurysms that originate from ECA and its branches
are rare; they arise either due to atherosclerosis
changes or trauma. Fibromuscular dysplasia is
responsible for a small entity of ECA aneurysms.
Traumatic pseudoaneurysms of PAA mostly present
as auricular or retroauricular pulsating masses, with
thrill and audiable bruit. Bleeding, compression
symptoms could be other presentations for a PAA
pseudoaneurysm. Management of ECA
pseudoaneurysms, including PAA aneurysms,
involves surgical repair or embolization. Wang D et
al, stated that embolization of  ECA
pseudoaneurysms is a good alternative to open
surgical management to avoid post-operative
morbidity (28).

2.5 PAA flaps

Several PAA-based flaps have been used since sixties
of the past century. PAA flaps are largely used for
external ear, mastoid bowel reconstruction, and
nose repair. Recent articles described island PAA
flaps for face reconstruction. Pedicle PAA flaps for
temoroparietal soft tissue grafting. McKinnon BJ
confirmed the possibility of harvesting an 8%4 cm
scalp pedicled flap based on PAA in the posterior
auricular area, depending on the commonest PAA
variant. A larger flap could result in arterial
insufficiency with further distant skin necrosis and
venous congestion (19). However, Lescour et al. (14)
reported a case of PAA-dominant scalp
vascularization that helped harvesting a 16 cm scalp
flap based on PAA to reconstruct an occipital wound
defect. Kolhe S P et al. (12) retrieved from dissection
of 50 cadavers that a PAA variant with only a small
auricular and stylomastoid artery as terminal
branches, which resemble a type A variant, have no
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possibility of harvesting a flap. This type was
encountered in 1.4% of his cadaveric studies.

Pericranial flaps

Dural defects and CSF leaks are major complications
after skull base surgeries, in most instances, local
vascularized pedicle percranial flaps are used.
Percranial flaps are periosteal flaps for large dural
defects. Stow NW et al. have described a smaller,
deep periosteal branch of PAA running over the
mastoid process and supplying mastoid cortex. As a
result, the reconstructive potential of a PAA-based
pericranial flap should be clearly considered (2).

CONCLUSION

The PAA has considerable variations in its surgical
anatomy involving its origin, course, branches and
length. This article aims to highlight the significance
of PAA for neurosurgery procedures such bypass,
embolization, aneurysm, and AVM surgery. These
variations establish an important implication of PAA
in the neurosurgical field. Itis vital for neurosurgeons
to have a complete understanding of the PAA's
anatomical variances prior to any treatments, as
these variations can affect the success and
consequences of endovascular procedures.
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ABSTRACT

This paper explores the potential impact of magnetic resonance imaging (MRI) on
patients' psychological states, focusing on reported mood changes post-procedure.
Factors influencing the psychological state during an MR, including claustrophobia,
noise, scan duration, and fear of the unknown, are discussed. We also draw parallels
with darkness therapy, a stress and depression management technique, due to the
similar environment. Notably, a subset of patients reported transient improvement
in depressive symptoms following an MRI, suggesting a need for further research.
The paper underscores the necessity for rigorous scientific exploration of these
observations to validate them and better inform patients about possible mood
alterations post-MRI.

BACKGROUND

Depression, a significant global contributor to disability, often goes
undiagnosed due to its subjective diagnostic process, which primarily
relies on clinical observations [16]. Recently, magnetic resonance
imaging (MRI) has shown promise for enhancing our understanding
and management of depression. MRI's potential lies in its ability to
detect structural changes in the brain associated with depression.
Notably, incidental mood improvement observed following MRI scans
requires further examination [16]. This paper aims to investigate the
potential psychological effects of undergoing an MRI, specifically the
impact on mood disorders, and to explore the possible implications of
these effects in a clinical context.
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MRI

MRI, introduced in the 1980s, has revolutionized
diagnostic imaging with its diverse applications
across neurological, psychiatric, cardiac, abdominal,
musculoskeletal, and vascular fields. Despite MRI's
general safety, certain contraindications exist,
particularly for patients with cardiac implantable
electronic devices (CIEDs) or metal/magnetic
implants. Additionally, some surgical stents,
implants, clips, wires, rods, patches, and tattoos
require cautious evaluation before MRI use [5,7,18].
The duration of an MRI scan varies between 20 to 60
minutes [5]. Anecdotally, we've observed mood
changes in patients post-MRI, a phenomenon yet to
be well-documented in scientific literature.

The direct effects of magnetic fields on a patient's
psychological state are poorly understood. However,
FDA-approved repetitive transcranial magnetic
stimulation (rTMS), which uses magnetic fields to
treat medication-resistant depression, shows an
average response rate of 29.3% in major depressive
disorder cases [4,6,15]. Moreover, according to Wang
et al., administering low-frequency pulsed magnetic
field stimulation (a type of TMS) at a frequency of 1Hz
could potentially alleviate depression symptoms in
rats that have undergone prolonged unpredictable
stress [17].

Hattapoglu et al. studied cervical disc herniation
patients using pulsed electromagnetic fields (PEMF).
Studying different factors, including pain, anxiety,
and depression, after the therapy, which lasted for
12th weeks, showed improvement in the pain,
anxiety, depression, sleep, and quality of life scores
as known pain can cause limitations and affect
psychological state; however, no evidence can
explain if the enhancement in the anxiety and
depression state related solitary to the improvement
of the pain, may the magnetic field have an
unspecified role in this improvement [9].

Interestingly, studies suggest that fetuses
develop memories six weeks before birth, possibly
through exposure to low-level light passing through
the human skin into the uterus [6]. The resemblance
between the confined space and low light level of the
uterus and an MRI machine may possibly induce a
soothing effect, explaining post-scan mood changes.
Given the similar magnetic principles underlying MRI
and rTMS, the potential mood-altering effects of MRI
warrant further investigation, particularly for
patients with depressive disorders.

Several factors associated with the MRI procedure
could potentially influence a patient's psychological
state:

1. Claustrophobia: The confining nature of MRI
machines can induce claustrophobia, a fear of
enclosed spaces, which may provoke anxiety or
panic in some individuals [10].

2. Noise: MRl machines’ loud, recurring sounds
during the scan can be distressing, leading to
increased discomfort or anxiety for some
patients [3].

3. Duration: The length of an MRI scan, which varies
from a few minutes to over an hour, can
exacerbate feelings of restlessness, impatience,
or anxiety [2]. However, The duration and the
frequency of the exposure play a significant role
in the psychological state; according to a study by
Ghotbi et al., workers at a copper electrolysis unit
who were exposed chronically to static magnetic
fields experienced a notable increase in
depression, anxiety, and sleep disorders [8].
Furthermore, being subjected frequently to
extremely low-frequency electromagnetic fields
(ELF-EMF) has led to memory impairment,
anxiety, stress-related behaviors, and behavior
resembling depression in rats [1].

4. Uncertainty: Patients unfamiliar with the MRI
procedure may experience fear or anxiety from
the unknown, including potential health risks or
apprehension about scan results.

5. Darkness therapy: This prevalent treatment
technique, entailing a restful, solitary period in a
dimly lit space for 24-48 hours, has demonstrated
efficacy in managing stress and depression,
providing self-recognition, and facilitating
potential spiritual experiences [12]. Flotation rest,
a form of darkness therapy, has been associated
with mental and physical benefits like improved
mood, reduced stress, enhanced athletic
performance, and increased creativity. Some
patients have reported contrasting experiences
during MRI procedures, akin to aspects of
darkness therapy [14].

In conclusion, while the majority of patients reported
minimal mood changes post-MRI, a subset observed
a temporary upliftment in depressive symptoms in
the days following the procedure. These findings
highlight a potential direction for future research:
exploring the possible therapeutic effects of MRI on
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mood disorders. As a part of ethical patient care,
future considerations could involve informing
patients about this potential "side effect." Despite
the controversy surrounding this issue and the
current lack of substantial scientific evidence, further
studies are warranted to investigate this
phenomenon.
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ABSTRACT

Introduction. The supratrochlear artery (STA) is a small vessel with a relatively tiny
and quite constant course. The literature describing the STA fails to provide a
collective description of the anatomy and neurosurgical applications of the STA.
Therefore, we are here to present an overview of anatomy, anatomical variability, and
the clinical application of STA.

Method. We conducted a literature review in Google Scholar and PubMed medical
databases to review the existing studies on STA regarding its anatomy and
neurosurgical applications.

Results. We identified 18 articles that discuss the anatomical variations and
neurosurgical applications of the STA. Certain parameters are used to describe the
surgical anatomy of STA, including origin, course, diameter, branches, depth, and
distance in relation to the midline and vertical glabellar line. We also discussed certain
applications of STA and its importance in neurosurgical reconstruction flaps and the
diagnosis of carotid artery disease.

Conclusion. Comparable to the supraorbital artery (SOA), the STA is less variable in
its anatomical course, and exhibits a more superficial course. The STA has certain
important neurosurgical applications through its involvement in reconstruction flaps
for the skull base and plays an important role in the diagnosis of carotid artery
disease.

INTRODUCTION

The supratrochlear artery (STA) is a terminal branch of the ophthalmic
artery. Itis a small vessel with a relatively tiny and quite constant course
(2). Although its anatomical path is predictable, several anatomical
variations in its origin and branches have been reported, even within
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the two hemi-faces of the same individual (10).
Notwithstanding its relatively pitiful size, the STA has
an essential role in the blood supply of the glabellar
region and the neighboring medial aspect of the
forehead (3). Furthermore, a rich anastomotic
vascular network was formed that connected the
following vessels: STA, Supraorbital artery (SOA) and
angular artery (AA) in the nasoglabellar region. It is
crucial to mention that STA communication with
internal and external carotid arteries is feasible,
amplifying the STA's role. (7)

Understanding the anatomy of the forehead and
its vascularity plays an important role in skin flap and
gives the best chance to of graft survival. The STA has
certain important neurosurgical  applications
through its involvement in reconstruction flaps for
the skull base and plays an important role in the
diagnosis of carotid artery disease.

The literature describing the STA fails to provide
a collective description of the anatomy and
neurosurgical applications of the STA. Therefore, we
are here presenting an overview of anatomy,
anatomical variability, and the clinical application of
STA.

METHODS

In order to assess the existing research on STA with
regard to its anatomy and neurosurgical
applications, we did a literature review in the medical
databases Google Scholar and PubMed. The
following search terms were used: “supratrochlear
artery anatomy”, “supratrochlear artery vascular
anatomy variations”. We include the studies with the
following criteria: i) English language, ii) suitable
methodology for targeted data. We exclude the
studies which are i) non-English, ii) questionable
results. Results were categorized and selected
appropriately. The data extraction includes surgical
anatomy and neurosurgical application of STA.

RESULTS

While reading the available articles and original
works regarding SOA, taking into consideration the
inclusion and exclusion criteria, 18 papers that cover
the anatomical variants and neurosurgical uses of
the STA were found. The origin, course, diameter,
branches, depth, and distance from the midline and
vertical glabellar line are some of the characteristics
used to characterize the surgical anatomy of STA. We
also covered other STA uses, including its significance

Supratrochlear artery

in carotid artery disease
neurosurgical repair flaps.

diagnostics and

DISCUSSION

1. STA anatomy

STA exhibits a more superficial course than SOA and
has less variability in its anatomical path. Moreover,
the branching pattern of the STA and the vessel's
relationship to bony and soft tissue landmarks were
remarkably consistent. (15)

1.1 STA origin

The STA originated as a terminal branch of the
ophthalmic artery, which represents the first branch
of the internal carotid artery inside the cranial cavity
(2). This was found in 85% of cases, while in the
remaining one, the STA and the SOA originated as a
single vessel from the ophthalmic artery that
bifurcates later on, forming the STA and SOA (2,7).
Klenjet reported unusual incidents cases in which
STA was absent. In the first case, the paracentral
artery, a branch of the AA, contributed to
maintaining the blood supply as a lateral branch in
the paramedian position of the forehead. While in
the second one, a lateral branch from the
paracentral artery arises. Later, it connects with the
transverse frontal artery, the frontal branch of the
superficial temporal artery, following a transverse
course (10). There's a rare case when STA originates
directly from the AA as described by Cong et al. (5).

1.2 STA course

The STA traverses the trochlea, accompanying the
supratrochlear nerve. Subsequently, it crosses the
supraorbital margin to penetrate the orbital septum
and reach the forehead (16). Later, it passes between
the forehead's muscles; corrugator supercilii,
orbicularis oculi, and the frontalis muscle just above
mid-forehead; it penetrates the frontalis muscle to
be subcutaneous (17).

Moreover, STA participates in a rich anastomotic
network in the nasoglabellar region with the AA, the
SOA, and their contralateral vessels to create
vascular arcades, allowing in this way the
communication of the internal carotid artery (ICA)
with the external carotid artery (ECA) (3). In addition,
this network of anastomoses includes, apart from
the infraorbital, the lateral nasal, the bilateral dorsal
nasal, and tiny periosteal perforating arteries that
are responsible for supplying the paranasal region
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(4,9). Furthermore, there is another anastomosis
formed between the lateral branches of STA, SOA,
and the frontal branch of the superficial temporal
artery. Last but not least, several horizontal arteries
cross the midline to connect the pair of STAs (12).

1.3 STA branches

An overabundance of STA branches exists in the
literature. Kleintjes describes Nine side branches of
the STA (10). These branches supply the periosteum
of the supraorbital rim and glabella, the muscle of
the upper eyelid, corrugator supercilii, the frontalis,
and the procerus muscle. Furthermore, cutaneous
branches supply the skin of the glabella and the
medial aspect of the forehead (3). In most cases, STA
divides into superficial and deep branches, although
in some cases, the deep branch was absent (figure 1)

(7).

Figure 1 shows the branches of
supratrochlear artery

1.4 STA depth

The average distance between the skin surface and
STA at the horizontal mid-eyebrow level was 3.34
mm and it varies with differences in facial
expression. Furthermore, no statistically significant
difference was reported between genders and sides.
Cotofana et al. study on generalized linear models
for age, BMI, and forehead width revealed no
statistical influence on the depth for the STA (6).

1.5 STA diameter

The mean diameter of the STA was 0.90 + 0.02 mm
(range, 0.5-1.3 mm) when measured at the
horizontal mid-eyebrow level (6).

1.6 Distance of STA from the Midline

The mean distance between the STA and the midline
at rest was 16.13 mm and 14.80 mm for males and
females, respectively. Furthermore, zero percent of
STA were located within 5 mm from the midline (6).

1.7 Relationship between STA and Vertical
Glabellar Line

In addition, the mean distance between the STA and
the ipsilateral vertical glabellar line at rest was in
10.59 mm and 8.21 mm in males and females,
respectively (6).

2. Neurosurgical application of STA

In contrast to SOA, STA applications in the field of
neurosurgery are quite limited; although both
arteries have almost the same course and run
parallel and near each other, the usage of SOA is
greater than that of STA. The reason behind this is
unknown.

2.1 Pericranial flap

Anteriorly based pericranial flaps are one of the
pedicled flaps that are widely in anterior cranial base
reconstruction because of their simplicity, reliability,
and low morbidity. STA has an important
contribution to the arterial supply of the pericranial
flap through the deep branches that divided from
the main trunk at, below, or above the level of the
supraorbital rim (18,14,11).

2.2 Diagnosis of carotid artery diseases

STA has been implicated in the diagnosis of disease
in the common and internal carotid arteries. The
techniqgue involves  non-invasive  directional
continuous wave doppler ultrasound to assess the
direction of flow in the STA and waveform analysis of
the common carotid and STA signals. This technique
provides a safe, atraumatic method of assessing
patients with symptoms of extracranial arterial
disease (13,8).

CONCLUSION

STA has less variability in its anatomical structure and
limited neurosurgical applications comparable to
SOA. However, STA is still a valuable option for
certain neurosurgical procedures, such as bypass
surgeries. It provides a reliable source of blood flow
and can be easily accessed and manipulated during
surgery. In order to clarify both the benefits and
drawbacks of STA in neurosurgical procedures, more
study needs to be conducted.
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ABSTRACT

Spine surgery is a common intervention aimed at improving the lives of individuals
with various spinal conditions, and the success of this procedure extends beyond the
operating room to the postoperative recovery phase. This research paper explores
the impact of rehabilitation programs on postoperative recovery in spine surgery
patients. By delving into the multidisciplinary approach of rehabilitation, including
physical therapy, occupational therapy, pain management, and patient education,
the study aims to provide a comprehensive understanding of how these programs
optimize outcomes and restore functional abilities.

Rehabilitation programs play a vital role in managing postoperative pain,
restoring mobility, promoting muscle strength, and enhancing overall functional
abilities. The paper investigates the specific interventions involved, such as physical
therapy exercises, manual therapy, pain management strategies, and patient
education, highlighting their collective contribution to a holistic recovery process. The
benefits of rehabilitation programs extend beyond physical aspects to address the
psychological and emotional well-being of patients, providing a supportive
environment through counselling and stress management techniques.

Factors influencing the effectiveness of rehabilitation programs, including
patient-specific factors, surgical complexity, timing, and patient compliance, are
examined. The study draws upon a comprehensive literature review, presenting
evidence from research studies, randomized controlled trials, and prospective cohort
studies that consistently demonstrate the positive impact of rehabilitation programs
on pain management, functional outcomes, and quality of life.

Challenges in implementing rehabilitation programs, such as resource
constraints and patient education, are acknowledged, and potential strategies for
improvement are proposed. These include the integration of technology,
collaboration among healthcare professionals, and a focus on patient education and
engagement to enhance accessibility and effectiveness.

In conclusion, this research underscores the critical role of rehabilitation
programs in optimizing postoperative recovery for spine surgery patients. The
findings have implications for clinical practice, emphasizing the need for
comprehensive, tailored rehabilitation approaches, collaboration among healthcare
professionals, and the integration of technology to further improve patient
outcomes. Future research should explore the optimal timing and duration of
rehabilitation interventions, comparative studies of different approaches, and long-
term outcomes to inform clinical decision-making in the field of spine surgery
recovery.
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The impact of rehabilitation programs on patients postoperative recovery after spine surgery

INTRODUCTION

Spine surgery is a commonly performed procedure
aimed at alleviating pain, improving functionality,
and enhancing the quality of life for individuals with
various spinal conditions. While surgical intervention
can be effective in addressing specific pathologies,
such as herniated discs, spinal stenosis, or
degenerative disc disease, the success of the
procedure relies not only on the surgical technique
but also on the subsequent postoperative recovery
process. The recovery phase plays a critical role in
achieving optimal outcomes and restoring patients'
functional abilities. (1,2)

The postoperative period following spine surgery
represents a critical phase for patients to regain
functionality and return to their daily activities.
Rehabilitation programs specifically designed for
spine surgery patients play a pivotal role in
optimising the recovery process. These programs
encompass a comprehensive and multidisciplinary
approach, involving physical therapy, occupational
therapy, pain management, and patient education.
By addressing pain, restoring mobility, promoting
muscle strength, and enhancing overall functional
abilities, rehabilitation programs aim to maximise
the long-term benefits of spine surgery. (3,4)

The purpose of this research paper is to explore
and evaluate the impact of rehabilitation programs
on postoperative recovery in spine surgery patients.
By examining the benefits, factors influencing
effectiveness, research studies supporting the
efficacy of rehabilitation programs, and challenges in
implementation, we aim to provide a comprehensive
understanding of the role of rehabilitation in
optimising outcomes and enhancing functional
recovery for individuals undergoing spine surgery.

THE ROLE OF REHABILITATION PROGRAMS IN SPINE
SURGERY RECOVERY

Rehabilitation programs play a crucial role in
facilitating the recovery process for individuals
undergoing spine surgery. These programs are
designed to address the specific needs of patients
and aim to achieve several key goals. Firstly, they
focus on managing postoperative pain through a
combination of pharmacological interventions,
physical modalities, and pain education techniques.
Secondly, rehabilitation programs aim to restore
mobility and improve range of motion through
targeted exercises, stretching, and manual therapy.

Additionally, these programs promote muscle
strength, stability, and endurance to enhance
functional abilities. Lastly, rehabilitation programs
provide patient education and guidance to promote
self-management skills, independence, and a
smooth transition back to daily activities. (5, 6)

Postoperative rehabilitation programs for spine
surgery patients typically adopt a multidisciplinary
approach. This approach involves collaboration
among various healthcare professionals, including
physical therapists, occupational therapists, pain
specialists, and psychologists. Each discipline brings
unique expertise and contributes to different
aspects of the patient's recovery. Physical therapists
focus on improving physical function, mobility, and
strength through tailored exercise programs.
Occupational therapists address activities of daily
living, work-related tasks, and ergonomic
adjustments to facilitate a safe return to regular
routines. Pain specialists provide pain management
strategies, including medication management and
interventions such as nerve blocks. Psychologists
offer support, counselling, and coping strategies to
address emotional well-being and mental health
during the recovery process. (7, 8)

Rehabilitation programs for spine surgery
recovery incorporate a variety of interventions to
address the unique needs of each patient. These
interventions may include:

Physical therapy exercises: Specific exercises are
prescribed to improve muscle strength, flexibility,
and overall mobility. These may include stretching,
aerobic conditioning, core stabilisation exercises,
and functional training. (9)

Manual therapy: Techniques such as joint
mobilisation, soft tissue mobilisation, and spinal
manipulation are employed by physical therapists to
enhance joint mobility, alleviate pain, and restore
proper movement patterns. (10)

Pain management strategies: Pharmacological
interventions, such as non-steroidal anti-
inflammatory drugs (NSAIDs), opioids, and adjuvant
medications, may be utilised in combination with
other modalities to manage postoperative pain
effectively. (11,12)

Patient  education and
Rehabilitation programs

self-management:
emphasise educating
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patients about their condition, postoperative
precautions, proper body mechanics, and strategies
for self-management of symptoms. This empowers
patients to actively participate in their recovery
process and make informed decisions about their
health. (13)

BENEFITS OF REHABILITATION PROGRAMS IN
POSTOPERATIVE SPINE SURGERY

Rehabilitation programs in postoperative spine
surgery play a vital role in effectively managing pain
and reducing the reliance on medication. Through a
combination of therapeutic exercises, manual
therapy techniques, and pain education, these
programs aim to address the underlying causes of
pain and promote effective pain management
strategies. By improving muscular strength,
enhancing flexibility, and optimising movement
patterns, rehabilitation helps alleviate pain and
discomfort. As a result, patients may experience
reduced dependence on pain medications, such as
opioids, leading to improved overall pain control and
minimising the potential risks associated with long-
term medication use. (14, 15)

Rehabilitation programs are designed to restore
and enhance mobility, range of motion, and
functional abilities in patients undergoing spine
surgery. Through specific exercises and therapeutic
interventions, such as stretching, strengthening, and
functional training, these programs aim to improve
physical capabilities. Rehabilitation helps regain lost
mobility, restore normal joint function, and enhance
overall functional performance. By targeting specific
impairments and limitations, patients can achieve
improved movement patterns, increased flexibility,
and enhanced functional abilities required for daily
activities, work, and recreational pursuits. (16, 17)

Rehabilitation programs in postoperative spine
surgery not only address the physical aspects but
also prioritise the psychological and emotional well-
being of patients. Surgery and the subsequent
recovery process can be emotionally challenging,
leading to anxiety, depression, and a reduced quality
of life. Rehabilitation programs provide a supportive
environment and incorporate  psychological
interventions to help patients cope with the
emotional aspects of their recovery. Through
education, counselling, and techniques such as
relaxation exercises and stress management,
rehabilitation ~ programs aim to improve

psychological well-being, promote positive coping
strategies, and enhance overall emotional resilience.
(18,19)

Rehabilitation programs in postoperative spine
surgery also play a crucial role in preventing
postoperative complications and rehospitalization.
These programs focus on early mobilization,
optimizing respiratory function, and educating
patients on proper wound care and postoperative
precautions. By addressing potential complications
such as deep vein thrombosis, pneumonia, and
surgical site infections, rehabilitation programs help
minimize the risk of complications and reduce the
likelihood of rehospitalization. Furthermore, early
intervention and close monitoring during the
recovery process enable healthcare professionals to
detect and address any potential issues promptly,
leading to improved overall outcomes. (20,21)

FACTORS INFLUENCING THE EFFECTIVENESS OF
REHABILITATION PROGRAMS

The effectiveness of rehabilitation programs in
postoperative spine surgery can be influenced by
patient-specific factors. Age, comorbidities, and
overall health play a significant role in determining
the outcomes of rehabilitation interventions. Older
patients may have reduced physiological reserves
and slower healing processes, which can affect the
pace and extent of recovery. The presence of
comorbid conditions, such as diabetes or
cardiovascular disease, can impact the response to
rehabilitation and the ability to engage in certain
exercises. Additionally, the overall health status and
functional capacity of the patient prior to surgery can
influence the potential for improvement and the
ability to achieve rehabilitation goals. (22,23)

The type and complexity of the surgical
procedure performed on the spine can impact the
effectiveness of rehabilitation programs. Different
surgical techniques, such as spinal fusion,
discectomy, or laminectomy, require specific
considerations in the rehabilitation process. The
extent of tissue trauma, surgical site stability, and
postoperative restrictions influence the
rehabilitation approach and progression. Complex
spine surgeries involving extensive fusion or
instrumentation may necessitate a more gradual
and cautious rehabilitation program to ensure
proper healing and optimal outcomes. Therefore,
tailoring the rehabilitation interventions to the
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specific surgical procedure is essential for achieving
successful recovery. (24, 25)

The timing and duration of rehabilitation
interventions can significantly impact their
effectiveness in postoperative spine surgery. Early
initiation  of  rehabilitation, when deemed
appropriate by the healthcare team, allows for the
optimization of wound healing, prevention of
complications, and early mobilization. The duration
of rehabilitation varies depending on the individual's
progress and the complexity of the surgery. It is
essential to strike a balance between providing
sufficient time for tissue healing and allowing for
progressive rehabilitation. Tailoring the timing and
duration of rehabilitation interventions to individual
patient needs and surgical considerations is crucial
for achieving optimal outcomes. (26, 27)

Patient compliance and adherence to the
prescribed rehabilitation program play a crucial role
in determining its effectiveness. Patients need to
actively engage in their rehabilitation, consistently
performing exercises, following postoperative
precautions, and attending scheduled sessions.
Compliance with activity modifications, lifestyle
changes, and home exercise programs contributes
to successful outcomes. Patient education, clear
communication, and ongoing support from the
healthcare team can help promote adherence to the
rehabilitation program. Identifying and addressing
barriers to compliance, such as pain, fatigue, or
psychosocial factors, are essential for maximizing
the benefits of rehabilitation. (28 ,29)

LITERATURE REVIEW AND EVIDENCE SUPPORTING THE
EFFICACY OF REHABILITATION PROGRAMS

Numerous research studies and clinical trials have
investigated the efficacy of rehabilitation programs
in postoperative spine surgery. These studies have
examined various aspects, including pain
management, functional outcomes, patient
satisfaction, and quality of life. The research has
utilized both quantitative and qualitative methods to
evaluate the effectiveness of rehabilitation
interventions.  Randomized controlled trials,
prospective cohort studies, and systematic reviews
form the foundation of the evidence base. These
studies have involved diverse patient populations,
different  surgical procedures, and various
rehabilitation ~ approaches to  provide a

comprehensive understanding of the benefits of
rehabilitation in spine surgery recovery.

One meta-analysis evaluated the effectiveness of
physical therapy in patients undergoing lumbar
spinal fusion surgery. The study concluded that
physical therapy interventions, including exercise
programs, mobilization, and education, resulted in
improved functional outcomes and reduced
disability in postoperative patients.(5)

In one prospective cohort study, the authors
investigated the association between physical
therapy utilization and subsequent healthcare costs
in patients with acute low back pain. The study found
that early physical therapy intervention led to
decreased healthcare costs and utilization of
healthcare resources, highlighting the cost-
effectiveness of rehabilitation programs. (30)

Analysis of outcomes and results demonstrating
the positive impact of rehabilitation programs
Multiple research studies and clinical trials have
consistently demonstrated the positive impact of
rehabilitation programs in postoperative spine
surgery. These interventions have shown significant
improvements in pain management, functional
outcomes, and overall quality of life. Patients
participating in rehabilitation programs have
reported reduced pain intensity, decreased reliance
on pain medications, and improved physical
functioning, including mobility, range of motion, and
functional abilities. Furthermore, rehabilitation
interventions have been associated with enhanced
psychological well-being, reduced postoperative
complications, and decreased rates  of
rehospitalization. The cumulative evidence strongly
supports the efficacy of rehabilitation programs in
optimizing recovery and improving patient outcomes
following spine surgery.

One randomized controlled trial compared
surgical and nonsurgical treatment approaches for
lumbar degenerative spondylolisthesis. The study
demonstrated that both surgical and nonsurgical
treatment led to significant improvements in pain
and function. However, the surgical group had
greater improvements in the short term,
emphasizing the potential benefits of rehabilitation
following surgery. (31)

In one retrospective analysis examined the
longitudinal association between incident lumbar
spine MRI findings and chronic low back pain or
radicular symptoms. The study found that specific
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MRI findings were not strongly associated with the
development of chronic low back pain or radicular
symptoms, highlighting the importance of a
comprehensive approach to rehabilitation that
considers individual patient characteristics and
symptoms. (32)

CHALLENGES AND LIMITATIONS IN IMPLEMENTING
REHABILITATION PROGRAMS

One of the significant challenges in implementing
rehabilitation programs in postoperative spine
surgery is resource constraints and limited access to
rehabilitation services. Availability of specialized
rehabilitation centers, trained healthcare
professionals, and necessary equipment can vary
across different healthcare settings. In some regions
or communities, there may be a shortage of
rehabilitation facilities or a lack of financial resources
to support comprehensive rehabilitation programs.
This can result in limited access to appropriate
rehabilitation interventions, delayed initiation of
therapy, and suboptimal outcomes for patients
undergoing spine surgery. (33)

Variations in healthcare settings and availability
of specialized rehabilitation centers

The availability and accessibility of specialized
rehabilitation centers can vary across different
healthcare settings. While some regions may have
well-established  rehabilitation  centers  with
experienced multidisciplinary teams, others may
have limited options or rely on general healthcare
facilities for postoperative rehabilitation. Variations
in the availability of specialized rehabilitation centers
can impact the quality and continuity of care for
patients undergoing spine surgery. Patients in
remote areas or underserved communities may face
challenges in accessing appropriate rehabilitation
services, leading to potential disparities in outcomes.
(34)

Patient education and awareness about the
importance of rehabilitation in postoperative spine
surgery can present a significant challenge. Some
patients may have limited knowledge or
misconceptions about the role and benefits of
rehabilitation. This can result in hesitancy to
participate in rehabilitation programs, lack of
compliance with prescribed exercises, or premature
discontinuation of therapy. It is crucial to educate
patients about the goals, rationale, and expected

outcomes of rehabilitation, empowering them to
actively engage in the recovery process and adhere
to the rehabilitation program. (30,35)

STRATEGIES FOR IMPROVING REHABILITATION PROGRAMS
IN SPINE SURGERY RECOVERY

The integration of technology and digital solutions in
rehabilitation can enhance the effectiveness and
accessibility of postoperative spine surgery recovery
programs. Telemedicine, mobile applications,
wearable devices, and virtual reality platforms offer
opportunities for remote monitoring, real-time
feedback, and home-based rehabilitation. These
technologies can facilitate personalized exercise
programs, provide educational resources, and track
patient progress. By leveraging technology,
rehabilitation programs can reach a broader patient
population, improve adherence to therapy, and
enable more frequent communication between
healthcare providers and patients. (36, 37)

Collaboration between healthcare professionals,
including surgeons, physiatrists, physical therapists,
and  occupational  therapists, along  with
rehabilitation specialists, is crucial for optimizing
postoperative spine surgery recovery.
Multidisciplinary team-based care allows for
comprehensive assessment, personalized treatment
planning, and coordinated rehabilitation
interventions.  Regular ~ communication  and
coordination among team members ensure that
rehabilitation programs are tailored to individual
patient needs and goals. Collaboration also
promotes seamless transitions of care from the
acute surgical setting to outpatient rehabilitation,
ensuring continuity and effectiveness of the
rehabilitation process. (38)

Patient education and engagement play a vital
role in the success of rehabilitation programs in
spine surgery recovery. Educating patients about
their condition, surgical procedure, and the
importance of rehabilitation fosters active
participation and promotes adherence to therapy.
Providing clear instructions, written materials, and
multimedia resources empowers patients to take
ownership of their recovery journey. Involving
patients in goal setting, shared decision-making, and
self-monitoring of progress enhances motivation
and encourages long-term engagement in the
rehabilitation process. (39,40)
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CONCLUSION

In summary, rehabilitation programs play a crucial
role in the postoperative recovery of spine surgery
patients. The benefits of these programs include
improved pain management, enhanced mobility and
functional abilities, and better psychological and
emotional well-being. Rehabilitation programs also
contribute to the prevention of postoperative
complications and rehospitalization. Research
studies and clinical trials have provided evidence
supporting  the efficacy of rehabilitation
interventions  in  improving  outcomes  in
postoperative spine surgery patients. Factors
influencing the effectiveness of these programs
include patient-specific factors, the surgical
procedure complexity, timing and duration of
interventions, and patient compliance.

The findings discussed in this paper have several
implications  for clinical practice. Healthcare
professionals  should consider incorporating
comprehensive rehabilitation programs into the
standard care pathway for spine surgery patients.
Collaboration between healthcare professionals and
rehabilitation specialists is crucial to ensure
coordinated and individualized care. Patient
education and engagement should be prioritized to
optimize adherence to the rehabilitation program.
Furthermore, the integration of technology and
digital solutions can enhance the accessibility and
effectiveness of rehabilitation interventions.

Future research should focus on further
investigating the optimal timing and duration of
rehabilitation interventions in different spine surgery
populations. Comparative studies evaluating
different rehabilitation approaches and strategies
would provide valuable insights into the most
effective interventions. Additionally, research
exploring the long-term outcomes and cost-
effectiveness of rehabilitation programs in
postoperative spine surgery patients would further
inform clinical decision-making.
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ABSTRACT

Spine surgery has witnessed remarkable advancements in technology, techniques,
and patient outcomes. The future of spine surgery holds even greater promise as
technological innovations continue to shape the field. This comprehensive review
explores the role of various technological advancements in the future of spine
surgery, focusing on robotic-assisted surgery, augmented reality and virtual reality,
3D printing and custom implants, artificial intelligence and predictive analytics,
biomaterials and tissue engineering, nanotechnology, and telemedicine.

Robotic-assisted surgery offers enhanced precision and improved outcomes
through real-time guidance and surgical manoeuvre assistance. Augmented reality
and virtual reality technologies provide valuable tools for preoperative planning,
intra-operative navigation, and surgeon training. 3D printing and custom implants
enable personalised treatment approaches with improved fit and alignment. Artificial
intelligence and predictive analytics offer decision support, precise diagnostics, and
real-time monitoring. Biomaterials and tissue engineering approaches facilitate
tissue regeneration and targeted drug delivery. Nanotechnology holds promise for
precise diagnostics, real-time monitoring, and targeted therapies. Telemedicine and
remote monitoring enhance postoperative care and improve accessibility to
specialised care.

These technological advancements have the potential to revolutionise spine
surgery by improving surgical outcomes, enhancing patient experiences, increasing
accessibility to specialised care, and optimising healthcare delivery. However,
challenges such as cost, training, regulatory approvals, privacy, and ethical
considerations must be addressed for successful implementation.

Future research directions include further exploration of robotic-assisted
surgery, advancement of augmented reality and virtual reality technologies,
development of advanced biomaterials and tissue engineering strategies,
exploration of nano-materials, and ongoing evaluation of telemedicine and remote
monitoring. Collaboration among surgeons, engineers, and scientists is crucial to
advancing these technologies and optimising their clinical applications.

In conclusion, the future of spine surgery is shaped by technological
advancements that offer improved precision, personalised treatment approaches,
and enhanced patient outcomes. While challenges exist, ongoing research and
innovation will drive the field forward, improving patient care and advancing the field
of spine surgery as a whole.

Keywords

spine surgery,
innovation,

new technology,
robotic surgery,
artificial intelligence,
augment reality,
nano technology,
telemedicine

Corresponding author:
Muhammad Jehanzeb

Punjab Institute of Neurosciences,
Lahore, Pakistan

drjehanzeb28@gmail.com

Scan to access the online version




The future of spine surgery: technological innovations and advancements

INTRODUCTION

Spine surgery has undergone a remarkable
evolution over the years, driven by advancements in
technology, surgical techniques, and patient
outcomes. The field has witnessed significant
improvements in surgical precision, patient safety,
and functional outcomes, leading to enhanced
quality of life for individuals suffering from various
spinal conditions (1). However, the future of spine
surgery holds even more promise, as ongoing
technological innovations continue to shape the
landscape of this specialized field.

The significance of technological advancements
in spine surgery cannot be overstated (1). These
advancements have the potential to revolutionize
surgical techniques, improve patient outcomes, and
enhance the overall patient experience. The
integration of cutting-edge technologies into spine
surgery offers the prospect of greater accuracy,
efficiency, and personalized treatment approaches.
By exploring the latest innovations and their
potential impact, this review aims to provide a
comprehensive understanding of the future of spine
surgery. (2)

The purpose of this review is to critically analyze
the current state of technological advancements in
spine surgery and their potential implications. The
review will focus on key areas of innovation,
including robotic-assisted surgery, augmented
reality and virtual reality, 3D printing and custom
implants, artificial intelligence and predictive
analytics, biomaterials and tissue engineering,
nanotechnology, and telemedicine. By examining the
existing literature from reputable sources, such as
Google Scholar and PubMed, we will evaluate the
benefits, challenges, and future prospects associated
with these technological advancements in the
context of spine surgery.

ROBOTIC-ASSISTED SPINE SURGERY

Robotic systems designed for spine surgery have
gained significant attention and adoption in recent
years. These systems typically consist of robotic arms
or platforms, navigation systems, and specialized
instruments. Examples of robotic systems used in
spine surgery include the Mazor X, Medtronic's
StealthStation, and the Globus ExcelsiusGPS (3).

Benefits of robotic assistance, including enhanced
precision and improved outcomes

Robotic-assisted spine surgery offers several
potential benefits compared to traditional
techniques. The use of robotics allows for enhanced
precision and accuracy in surgical maneuvers,
enabling surgeons to perform complex procedures
with increased control (4). Robotic systems provide
real-time feedback, which aids in optimal implant
placement and alignment. This improved precision
can potentially lead to better surgical outcomes,
reduced complication rates, and improved patient
satisfaction (3,4,5).

Robotic-assisted spine surgery has been utilized
in various procedures, including pedicle screw
placement, tumor resection, and spinal deformity
correction (3). Robotic systems assist surgeons in
preoperative planning, intraoperative navigation,
and guidance during procedures. The ability to
preoperatively plan trajectories and simulate
surgeries allows for optimized surgical strategies and
implant placement. Future possibilities for robotic-
assisted spine surgery include expanding the scope
of procedures, incorporating artificial intelligence for
automated planning, and integrating robotics with
other advanced technologies such as augmented
reality (4,5).

Despite the potential benefits, widespread
adoption of robotic-assisted spine surgery faces
certain challenges. One significant challenge is the
cost associated with implementing and maintaining
robotic systems. The initial investment and ongoing
expenses can limit the accessibility of these
technologies in many healthcare settings (3).
Surgeon training and learning curve are also
important considerations for successful adoption.
Training programs are necessary to ensure surgeons
become proficient in utilizing the robotic systems
effectively (5). Additionally, concerns regarding
surgical workflow disruption, potential technical
failures, and patient safety require careful
consideration (5).

AUGMENTED REALITY AND VIRTUAL REALITY

Augmented reality (AR) and virtual reality (VR)
technologies have shown potential in various
aspects of spine surgery. AR can overlay digital
information onto the surgeon's view, providing real-
time guidance, anatomical visualization, and
trajectory planning. VR creates immersive virtual
environments that enable surgeons to interact with
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three-dimensional models of the spine for surgical
planning and simulation (6).

AR and VR can enhance preoperative planning by
allowing surgeons to visualize and interact with
patient-specific anatomy in a virtual environment.
Surgeons can accurately assess the patient's
anatomy, simulate surgical maneuvers, and plan
optimal trajectories for instrumentation placement
(7). These technologies enable a comprehensive
understanding of the patient's pathology, facilitating
precise surgical strategies.

AR-based navigation systems can provide real-
time guidance during spine surgeries. Surgeons can
view patient-specific anatomy overlaid with virtual
information, such as preoperative plans, instrument
positions, and critical structures, improving accuracy
and reducing reliance on fluoroscopy (6,7). The
integration of intraoperative imaging with AR
technology allows for precise localization and
instrument tracking, enhancing surgical precision.

AR and VR technologies offer valuable tools for
surgeon training and education. Virtual simulations
can replicate complex surgical scenarios, allowing
surgeons to practice procedures in a risk-free
environment (8). Surgeons-in-training can gain
hands-on experience, refine their skills, and develop
proficiency before performing surgeries on actual
patients. Additionally, these technologies can be
utilized for remote surgical mentoring and
collaboration, enabling experts to provide guidance
and feedback to surgeons in real-time (8).

The use of AR and VR technologies in spine
surgery has the potential to improve surgical
outcomes and enhance the patient experience.
Precise preoperative planning and intraoperative
guidance can lead to more accurate instrument
placement, reduced complications, and improved
surgical outcomes (9). Moreover, the visualization
and interactive nature of AR and VR technologies can
enhance patient education, enabling patients to
better understand their condition and the planned
surgical intervention, ultimately leading to increased
patient satisfaction.

3D PRINTING AND CUSTOM IMPLANTS

3D printing, also known as additive manufacturing, is
a technology that allows the creation of three-
dimensional objects from digital designs by layering
materials. In the context of spine surgery, 3D printing
has gained attention due to its ability to produce

patient-specific implants and surgical tools with high
precision and accuracy (10). The technology enables
the fabrication of complex geometries that are
challenging to  achieve using traditional
manufacturing methods.

One of the significant advantages of 3D printing
in spine surgery is the ability to create patient-
specific implants tailored to individual anatomies.
Based on patient-specific imaging data, such as CT or
MRI scans, custom implants can be designed and
manufactured to fit the patient's anatomy precisely
(11). Additionally, surgical tools, such as patient-
specific guides or templates, can be 3D printed to
assist surgeons in accurately placing implants or
performing precise osteotomies.

Custom implants offer several advantages over
standard off-the-shelf implants. The personalized
design ensures a precise fit to the patient's anatomy,
resulting in improved implant alignment and stability
(12). This improved fit can potentially lead to better
surgical outcomes, reduced risk of complications,
and enhanced long-term implant performance.
Furthermore, custom implants can address complex
anatomical variations or defects that cannot be
adequately addressed with standard implants.

Currently, 3D printing is utilized in spine surgery
for various applications, including patient-specific
cages for spinal fusion, intervertebral disc
replacements, and osteotomy guides (11,12). The
technology has the potential to expand to other
areas, such as patient-specific pedicle screw guides,
anatomical models for surgical planning and
education, and bioresorbable implants for spinal
fusion. As the technology continues to advance, the
possibilities for customized implants in spine surgery
are likely to expand further.

While 3D printing offers tremendous potential,
there are challenges and regulatory considerations
that need to be addressed. The quality control and
standardization of 3D-printed implants need careful
consideration, ensuring their safety and
effectiveness (13). Regulatory agencies, such as the
U.S. Food and Drug Administration (FDA), have
provided guidelines for the use of 3D-printed
medical devices, and adherence to these regulations
is crucial. Additionally, cost-effectiveness, scalability,
and the integration of 3D printing into existing
healthcare systems are factors that need to be
considered for widespread adoption.
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ARTIFICIAL INTELLIGENCE AND PREDICTIVE ANALYTICS

Artificial intelligence (Al) has the potential to
revolutionize spine surgery by enabling the analysis
of vast amounts of data and extracting valuable
insights. Al algorithms can assist in various aspects,
including surgical planning, intraoperative guidance,
and postoperative monitoring. By leveraging
machine learning and deep learning techniques, Al
can process complex data sets and provide valuable
decision support to surgeons (14). Al systems can
learn from previous surgical cases and continuously
improve their performance, enhancing surgical
outcomes.

Predictive analytics utilizes Al algorithms to
analyze patient-specific data, such as demographics,
medical history, and imaging studies, to predict
surgical outcomes and assess risks. By integrating
patient data with Al models, surgeons can make
informed decisions about surgical approaches,
anticipated complications, and expected outcomes.
Predictive analytics can help optimize surgical
planning, improve patient selection, and enhance
patient counseling regarding potential risks and
benefits (15).

Al algorithms have demonstrated significant
potential in image recognition and diagnostic
support for spine conditions. By analyzing medical
images, such as X-rays, CT scans, and MRI scans, Al
systems can aid in the detection and classification of
spinal pathologies. Al algorithms can assist
radiologists and  surgeons in identifying
abnormalities, measuring parameters, and providing
diagnostic support, potentially reducing
interpretation errors and improving efficiency (16).

Al-powered real-time monitoring and decision
support systems can enhance patient safety and
surgical outcomes. By integrating data from various
sources, such as intraoperative sensors, patient vital
signs, and surgical parameters, Al algorithms can
analyze the data in real-time and provide feedback
and alerts to the surgical team. These systems can
aid in identifying potential complications, guiding
decision-making during surgery, and improving
overall situational awareness (14).

The adoption of Al in spine surgery raises
important ethical considerations. Privacy and
security of patient data, transparency of Al
algorithms, and the potential for biases in Al models
are significant concerns (17). Ensuring patient
consent, maintaining data integrity, and addressing

the potential impact of Al on the surgeon-patient
relationship are critical aspects to consider.
Additionally, challenges related to regulatory
approvals, integration of Al into clinical workflows,
and liability in Al-driven decision-making need to be
carefully addressed.

BIOMATERIALS AND TISSUE ENGINEERING

Utilization of biomaterials in regenerative spine
surgery

Biomaterials play a crucial role in regenerative spine
surgery by providing scaffolds, carriers, and
therapeutic agents that facilitate tissue repair and
regeneration. These materials are designed to mimic
the natural properties of the extracellular matrix and
create a favorable environment for tissue healing
and integration (18). The utilization of biomaterials
offers the potential to enhance the outcomes of
spine surgeries by promoting tissue regeneration,
reducing inflammation, and improving implant
stability.

Bioactive scaffolds are designed to provide
mechanical support to damaged or degenerated
spinal tissues while promoting cellular infiltration,
adhesion, and proliferation. These scaffolds often
incorporate bioactive molecules, such as growth
factors or extracellular matrix components, to
enhance tissue regeneration and repair (19). They
can facilitate cell attachment, migration, and
differentiation, providing a conducive
microenvironment for tissue healing.

Growth factors are potent signaling molecules
that regulate various cellular processes involved in
spinal  fusion, such as osteogenesis and
angiogenesis. In regenerative spine surgery, growth
factors are often incorporated into biomaterials or
delivered locally to stimulate bone formation and
fusion (20). Growth factors, such as bone
morphogenetic proteins (BMPs), can promote
osteogenic differentiation of stem cells and enhance
the formation of new bone tissue, leading to
successful spinal fusion.

Stem cell therapies hold significant promise for
functional recovery in spine surgery. Mesenchymal
stem cells (MSCs) derived from various sources, such
as bone marrow or adipose tissue, can differentiate
into  bone-forming  cells, promote tissue
regeneration, and modulate the inflammatory
response (21). Stem cells can be delivered alone or in
combination with biomaterials to promote spinal
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tissue regeneration, reduce scar formation, and
potentially restore function.

Biomaterials and tissue engineering approaches
have found clinical applications in various aspects of
spine surgery, including intervertebral disc
regeneration, spinal fusion, and spinal cord injury
repair (19,20,21). Future prospects in this field
include the development of advanced biomaterials
with enhanced properties, the incorporation of
bioactive molecules with controlled release kinetics,
and the use of tissue engineering strategies to
regenerate complex spinal tissues, such as the
intervertebral disc or spinal cord.

NANOTECHNOLOGY IN SPINE SURGERY

Nanotechnology offers the potential to improve
diagnostic capabilities in spine surgery through the
development of nanoscale imaging tools. These tools
can provide high-resolution imaging, enabling the
detection of subtle structural abnormalities and
pathological changes at the cellular or molecular
level (22). Nanoparticles and nanosensors can be
engineered to interact with specific targets,
enhancing contrast and sensitivity in imaging
modalities such as magnetic resonance imaging
(MRI) or computed tomography (CT) scans.

Nanosensors hold promise for real-time
monitoring of spinal conditions during surgery or
postoperative recovery. These miniature devices can
be designed to detect and measure various
parameters, such as temperature, pH, pressure, or
the presence of specific biomarkers (23).
Nanosensors can provide valuable data on tissue
status, implant integration, or infection, enabling
timely intervention and personalized treatment
approaches.

Nanotechnology enables the development of
targeted drug delivery systems for spine surgery.
Nanoparticles can be engineered to encapsulate
drugs or therapeutic agents and deliver them directly
to the desired site of action (24). This targeted
approach improves drug efficacy, reduces systemic
side effects, and enhances patient outcomes.
Nanoparticles can be designed to release drugs in a
controlled manner, ensuring sustained therapeutic
effects and reducing the need for frequent dosing.

Nanotechnology has potential applications
across various aspects of spine surgery. In addition
to precise diagnostics and targeted drug delivery,
nanomaterials can be utilized for tissue

regeneration, spinal fusion enhancement, or
prevention of implant-associated infections (25).
However, several challenges need to be addressed
for successful clinical translation. These challenges
include safety concerns, biocompatibility of
nanomaterials, regulatory approvals, scalability of
production, and cost-effectiveness (25). Additionally,
the long-term effects of nanomaterials on the
human body and the potential for unintended
consequences require thorough investigation.

TELEMEDICINE AND REMOTE MONITORING

Telemedicine has emerged as a valuable tool for
postoperative care in spine surgery. Telemedicine
platforms enable remote communication between
patients and healthcare providers, allowing for
virtual consultations, monitoring, and follow-up visits
(26). Through telemedicine, patients can receive
postoperative instructions, discuss their recovery
progress, and address any concerns without the
need for in-person visits. This enhances
convenience, reduces travel requirements, and
improves access to care, particularly for patients in
remote or underserved areas.

Remote monitoring technologies have the
potential to revolutionize real-time patient
assessment in spine surgery. These technologies can
include  wearable devices, mobile health
applications, or connected sensors that capture and
transmit patient data, such as vital signs, physical
activity, or medication adherence (26, 27). Remote
monitoring enables healthcare providers to track
patient progress, identify potential complications,
and intervene promptly when necessary. It promotes
early detection of issues and facilitates timely
interventions, leading to improved patient
outcomes.

Virtual follow-up visits through telemedicine
platforms eliminate the need for patients to travel
for in-person appointments, particularly for routine
postoperative visits. This improves accessibility to
specialized care, especially for patients who may face
geographical or mobility challenges (26). Virtual visits
allow patients to connect with their healthcare
providers conveniently, discuss their recovery,
review imaging results, and receive guidance on
rehabilitation protocols. It also reduces the burden
on healthcare facilities and allows for more efficient
use of resources.

Telemedicine and remote monitoring can have a
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positive impact on patient outcomes and healthcare
delivery in spine surgery. Studies have shown that
telemedicine can lead to comparable patient
satisfaction, reduced healthcare costs, and
decreased readmission rates. Remote monitoring
facilitates early identification of complications,
enables timely intervention, and supports
personalized care management, potentially leading
to better clinical outcomes and improved patient
experiences (28). Furthermore, the integration of
telemedicine can optimize healthcare delivery,
improve workflow efficiency, and enhance resource
allocation.

CONCLUSION

The technological advancements discussed in this
paper have the potential to shape the future of spine
surgery in significant ways. Robotic-assisted surgery
offers enhanced precision and improved outcomes
through real-time guidance and surgical maneuver
assistance. Augmented reality and virtual reality
technologies provide valuable tools for preoperative
planning, intraoperative navigation, and surgeon
training. 3D printing and custom implants enable
personalized treatment approaches, improved fit,
and alignment. Artificial intelligence and predictive
analytics offer decision support, precise diagnostics,
and real-time monitoring. Biomaterials and tissue

engineering approaches facilitate tissue
regeneration and targeted drug delivery.
Nanotechnology holds promise for precise

diagnostics, real-time monitoring, and targeted
therapies. Telemedicine and remote monitoring
enhance postoperative care and improve
accessibility to specialized care.

The potential impact of these advancements
includes improved surgical outcomes, enhanced
patient experiences, increased accessibility to
specialized care, and optimized healthcare delivery.
They have the potential to revolutionize surgical
techniques, increase surgical precision, and promote
personalized  treatment approaches. These
advancements can lead to better patient outcomes,
reduced complications, and improved patient
satisfaction.

However, challenges, limitations, and
considerations must be addressed for successful
implementation. These include the cost of adopting
and maintaining new technologies, surgeon training
and proficiency, regulatory approvals, privacy and

security of patient data, standardization and quality
control of new techniques, and addressing ethical
considerations and potential biases. Additionally,
scalability, integration into existing healthcare
systems, and long-term effects on patients need to
be carefully evaluated.

Future directions for research in spine surgery
include further exploration of the potential of
robotic-assisted surgery, refinement and
advancement of augmented reality and virtual reality
technologies, development of advanced
biomaterials and tissue engineering strategies,
exploration of new applications and nanomaterials,
and ongoing evaluation of the impact of
telemedicine and remote monitoring. Continued
research and collaboration among surgeons,
engineers, and scientists are crucial to advancing
these technologies, addressing challenges, and
optimizing their clinical applications.

In conclusion, the future of spine surgery is being
shaped by technological advancements that offer
improved  precision, personalized treatment
approaches, and enhanced patient outcomes. While
challenges and considerations exist, the potential
benefits are substantial. By continuing to innovate,
collaborate, and address limitations, spine surgery
can further evolve, providing better care for patients
and advancing the field as a whole.

LIST OF ABBREVIATIONS

AR: Augmented Reality

VR: Virtual Reality

3D: Three Demential

CT: Computed Tomography

MRI: Magnetic Resonance Imaging
MSCs: Mesenchymal stem cells
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ABSTRACT
Pain can occur after any spinal surgery. Despite this, there are other many signs

and symptoms of neurological deficits that can occur in patients with varying severity.
Our aim is to find some of the main neurological deficits that can occur after any
spinal surgery. We searched the literature based on some of the important keywords
like neurological deficits after spine surgery, foot drops, cauda equina syndrome,
epidural hematoma, and nerve and dural injury. Based on this we analyzed the most
important and widely read articles. The problems associated with spine surgery have
been published in the literature but are much more than the failed back surgery
syndrome and cause more discomfort to patients with varying degrees of
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neurological deficits. We have coined a new term “Extended Post-spinal Surgery
Syndrome (EPSS)” for these conditions. We propose this to include the other
complications after lumbar surgery including nerve injury, dural injury, cauda equina
syndrome and epidural haematoma.

INTRODUCTION
Complications following spine surgery do occur very often. These
include persistence or recurrence of the pain, dural and nerve root
injuries; cauda equina syndrome; and formation of extradural scar
tissue. [1] The recurrence of pain also called the post-laminectomy
syndrome has been studied very well probably because of the higher
incidence. But others like nerve root injury or cauda equine syndromes
have not been that much looked into. An attempt is made in this article
to review these possible complications. A new term “Extended Post
Spinal Surgery Syndrome” is being coined for these complications.
Marquez-Lara [2] looked at a national database to find out the
incidence and outcomes of sentinel events in lumbar spine surgery
retrospectively. A total of 414 patients had sentinel events out of 53146
patients. Of this vascular and nerve injuries occurred in 2/10000 cases.
This caused longer hospitalization, greater costs, and a greater
incidence of in-hospital complications, and mortality. Shah et al, [3]
looked at wrong level surgery in lumbar spine surgery. This causes
friction between the patient and the surgeon and has a lot of medical
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and legal consequences. The commonest reason for
wrong-level surgery even with such advanced
imaging and other techniques include anatomical
variations of the lumbosacral spine including
transitional vertebrae, lumbar ribs, butterfly
vertebrae, hemivertebra, block/fused vertebrae, and
spinal dysraphism. Other causes include tumours,
infection, previous lumbosacral surgery, obesity, and
osteoporosis.

NERVE INJURY

Neurological complications of spinal surgery were
classified as peroperative and postoperative
aetiology by de Loubresse. # The author described
that neurological structures may be damaged by
direct or indirect mechanisms. Direct compression,
traction, laceration and avulsion from the direct
causes. Indirect causes include Ischemic phenomena
produced by elongation or compression of
medullary or radicular blood vessels. The main
peropertive complications noted were ocular injury
causing visual disturbances, elongation of the
brachial plexus causing pain and mild weakness of
the upper limb and compression of the peroneal
nerve causing unilateral foot drop. All these injuries
can happen due to defective patient positioning.
Following defective patient positioning, the rate of
neurological lesions is 0.14% for all procedures taken
together.

For lumbar surgery procedures especially high-
grade lumbar spondylolisthesis, reducing the
slippage and local kyphosis entails neurologic risk,
especially to the L5 root. It was found that serious
neurological impairment after fusion on a well-
aligned spine (0.14%) or after lumbar disc surgery
was about 0.03%. The other peroperative
complication that can happen especially in
implantation is malpositioning of the screws. The
incidence of malpositioning is quoted as 4.2%, but is
around 15.7% on postoperative imaging. Severe
lumbar canal stenosis or large disc prolapse can
cause neural injury. The incidence of peroperative
root injury is 0.4%.

Shin and coworkers > retrospectively analysed
627 patients who underwent surgery for lumbar
degenerative pathology. Eight patients (1.3%) had
intraoperative spinal root injury. Of this 5 patients
had undergone laminotomies for discectomy and 3,
for instrumentation and fusion. The causative
instrument was the Kerrison punch in 4 cases,

pituitary forceps in 2 and rongeur in 1. Four patients
had L5 injury, 1 had S1 and another had S2 injury.
Two patients had sacral rootlet injuries. Six patients
had symptoms including sensory loss in 4, pain in 2,
and one patient had both sensory loss and EHL
weakness. The prognosis was poor in almost 50 % of
patients. In fact, Epstein © recorded that minimally
invasive procedures have a much higher incidence of
nerve injuries compared to conventional open
procedures. The rate of injury was 2% for
transforaminal lumbar interbody fusion (TLIF) versus
7.8% for posterior lumbar interbody fusion (PLIF) and
during anterior lumbar interbody fusions (ALIF:
15.8%) versus extreme lumbar interbody fusions
(XLIF: 23.8%), addressing disc disease, failed back
surgery, and spondylolisthesis. In comparison Desai
et al 7 in a large multicentre trial of 792 patients
reported that nerve root injury with open discectomy
occurred in 0.13-0.25% of cases, in 0% of
laminectomy with or without fusion, and just 2% for
open laminectomy with or without fusion.

Ghobrial et al® had also described iatrogenic
neurologic deficits after lumbar spine surgery. These
include complications like radiculopathy, spinal cord
compression, motor deficits and new onset
radiculitis. Neuromonitoring has been successful in
reducing these complications but they still occur.
Degenerative spondylolisthesis, spondylosis,
scoliosis, and lumbar stenosis were the most
common indications for surgery. Fifty six patients out
of 2783 reported postoperative neurologic deficit
(5.7%). Among this, 4.1% had a new neurological
deficit after anterior lumbar and 1.9% after posterior

surgery.

DURAL INJURY

Espiritu et al® felt that dural tears are among the
most commonly seen complications in spine surgery.
If the tears are diagnosed early and managed
appropriately, long-term outcomes are not
negatively affected. Direct suture repair is the best
method for durotomy caused during surgery.
Cammisa et al® retrospectively reviewed patients
who underwent spine surgery over a ten-year period
for the frequency of incidental durotomy. Seventy-
four patients had dural tears during or before
surgery out of a total of 2144 patients. Of these 74,
66 happened during surgery. Primary repair was
done in 60 out of 66 patients; the rest had
pseudomeningocoels repaired surgically later. Long-



term follow-up showed good results for all patients.
McMohan et al'' looked atincidental durotomies and
analysed the long-term patient outcomes as well as
the maijor risk factors prospectively. The frequency of
incidental durotomy in elective spinal surgery cases
was 3.5%, in minimally invasive procedures it was
3.3% and 6.5% in revision surgery. Incidental
durotomy was less in cervical surgery compared to
lumbar, less when involving instrumentation and
less when senior surgeons were operating. In
patients with an incidental durotomy, 7.7% had
neurological deficits compared with 1.5% of those
without.

The overall failure rate of dural repair was 6.9%,
and failure was almost 3 times higher in revision
surgery. Guerin et al '? retrospectively reviewed 1326
spinal surgery patients and identified 51 dural tears
were identified. This was more with posterior
thoracolumbar approach (48/51). Postoperatively,
seven patients had CSF leak and two each of wound
infection, pseudomemnigocoel and postoperative
haematomas. Kamenova et al'® looked at the
management of incidental dural tears during lumbar
spine surgery in 64 patients who had a dural tear out
of 1173 patients who underwent lumbar spine
surgery. The dural closure technique was direct
closure or using a patch only or suture with a patch.
They realised that the dural closure technique does
not affect long-term results. Jankowitz et al '* looked
at the use of fibrin glue to reduce the frequency of
CSF leak in dural tear during spinal surgery. This
retrospective study had an incidence of 11% of dural
tear of which about 50% had fibrin glue used in the
dural repair. They concluded that prior surgery
significantly increases the incidence of durotomy
during elective lumbar spine surgery but the use of
fibrin glue for dural repair did not significantly
decrease the incidence of a persistent CSF leak.

FOOT DROP

Foot drop is defined as weakness in dorsiflexion of
the foot'>. The two top most common aetiologies for
foot drop include lumbar degenerative disease and
common peroneal nerve injury. Foot drop can be
unilateral or bilateral. When the foot can no longer
be actively lifted against gravity, an abnormal gait
pattern arises. This causes the patient to fall down
forwards causing injuries, thus reducing the quality
of life "6, But foot drop in lumbar degenerative
disease is alike a chicken and egg story. Whether foot

The extended post spinal surgery syndrome (EPSS)

drop was present before surgery or is as a result of
surgery is always a point of confusion. Bhargava and
colleagues ' reported a retrospective observational
study of 26 patients with foot drop who underwent
surgery. Of the 26 patients, 88% improved, with
complete recovery observed in 61%. It was
concluded that preoperative duration of weakness
was a significant predictor of extent of recovery.
There have been many reports of both unilateral and
bilateral foot drop caused by lumbar degenerative
pathology .

Ma et al'® analysed the risk factors for foot drop
in patients with lumbar disc herniation
retrospectively in 236 patients. Fifty-two patients had
foot drop. They concluded that diabetes mellitus,
disc calcification, patients with acute episodes, and
far lateral disc prolapse had a bigger risk of foot drop.
Also, a canal occupancy rate of more than 50% was
at greater risk. For every 1 mm change in canal
diameter the risk of developing foot drop changed by
around 50%. Liu et al %° reviewed 135 patients with
foot drop due to lumbar degenerative disease. Foot
drop was observed in 8.1% of all inpatients of lumbar
degenerative disease. L5 nerve root compression
was observed in 126 of all 135 patients. The muscle
strength of TA was improved in 113 (83.7%) patients
after surgery. They concluded that patients with
shorter duration of palsy, better preoperative
muscle strength of TA and younger age showed a
better surgical outcome. Aono et al 2" also showed
that palsy duration and preoperative strength were
factors that most affected drop foot recovery
following  surgical intervention for  spinal
degeneration. Investigating a patient of foot drop
after lumbar surgery usually involves repeat MRI
imaging and electrophysiology. This usually localises
the site of lesion. Daniels et al 2 introduced MR
neurography to verify the site of the lesion site. MRN
also helps in accurately characterizing the cause of
the neuropathy and helps guide treatment. MR
neurography can help overcome potential pitfalls in
clinical and electrodiagnostic evaluation when
tailored and focused.

The biggest problem with foot drop is it affects
gait and causes patients to trip and fall on uneven
surfaces. So this problem needs proper attention.
Macki et al 2 looked at the predictors of
improvement in foot drop due to lumbar
degenerative disease. They retrospectively reviewed
71 patients undergoing posterior lumbar
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decompression for foot drop due to degenerative
spinal disease. Fifty-two patients had postoperative
improvement. They concluded that the power of the
tibialis anterior muscle and the duration of the foot
drop were statistically significant predictors of
improvement. The average time to improvement
was 6 weeks. Takenaka and Aono % also tried to
predict postoperative improvement through a
Bayesian Network. They studied 102 out of 141
patients who underwent decompressive surgery for
foot drop. The models showed that weaker muscle
power before surgery (< 1) and longer duration of
neurologic injury before treatment (> 30 days) were
associated with a decreased likelihood of return of
function by 2 years. Age, herniated soft disc, and leg
pain were identified as indirect predictors. The
probability estimates of posttibialis anterior muscle
strength of 3 or greater and posttibialis anterior
muscle strength of 4 or greater were 94% and 85%,
respectively, in the most favourable conditions
(pretibialis anterior = 2; duration < 30 days) and 18%
and 14%, respectively, were the least-favourable
conditions.

There are presently many treatment options for
foot drop. Repeat surgery offers a realistic chance of
restoring nerve function if a compressive element
can be demonstrated. In the current DGN guideline
on lumbar radiculopathy, a relative and absolute
indication for surgery is described for muscle
strengths of more than 3/5. Recovery is correlated
with the severity of the paresis. There is no clear
consensus to what extent the preoperative duration
of the paresis correlates with recovery.'® However,
there is a trend for better recovery if the patient
undergoes surgery within 48 hours of the onset of
the paresis.

Treatment of foot drop is wusually a
multidisciplinary exercise. In mild cases braces, shoe
inserts and other orthotic appliances may be useful.
Physical exercises to strengthen the muscles also
help. As already mentioned decompressive surgery
does have a role. "7 In selected cases, neurolysis of
the peripheral nerve help. Repair processes are
possible in the peripheral nervous system. As long as
the nerve-cell nucleus is intact, axonal sprouting
occurs for up to six months after the injury. However,
the capacity for regeneration already starts to
decline after three months because of a variety of
changes in the distal stump 2°. Tendon transfers
which help to restore specific movements are

another technique used in some patients. The
posterior tibial tendon is pulled through the
interosseous membrane to the instep where it is
anchored or redirected to the front, with the tibialis
anterior and the peroneal tendons to create a
stirrup. The measured increase in foot lifting
strength resulting from a tendon transfer is only
about 30% of the full strength, but it produces a
significant functional increase and the quality of life
is satisfactorily improved 26, Functional electrical
stimulation is another technique used to prevent
muscle atrophy but how much it is useful to improve
foot drop remains a question. Botulinum toxin
(Botox) can be useful if the foot drop is associated
with spasticity but in lumbar surgery patients, this is
very rare.

Recent studies have shown that direct peroneal
nerve stimulation with an implantable 4-channel
peroneal nerve stimulator (ActiGait) allows
independent electrode adjustment and leads to
better functional results and improved quality of life.
The application of this therapeutic option is
restricted to patients with a drop foot attributable to
a lesion of the first motor neuron caused by stroke,
multiple sclerosis, or tumours ?’. Yao et al % studied
21 patients with chronic foot drop due to a central
lesion who had implantation of this implant. They
showed that patients had significant improvement in
walking speed, gait endurance and gait performance.
Patient satisfaction and improvement in mobility
were achieved in 95% and quality of life improved in
90% of patients.

CAUDA EQUINA SYNDROME
Cauda equina is the horsetail-like root of the
lumbosacral nerves. So any compression of these
roots especially at L1 to L5 vertebral levels can cause
neurological deficits like incontinence/ retention of
urine, foot drop, pain, weakness and wasting of legs
and sensory deficits. Usually, lumbar aetiology
includes both lumbar disc prolapses especially L4 L5
and L5S1 levels and lumbar canal stenosis. The
cauda equina involvement wusually occurs
preoperatively but does occur after surgery also. As
there is a high possibility of litigation, in both cauda
equina syndrome and foot drop a detailed history
and clinical examination and recording findings is
very important.

Todd and Dickson?® brought out their
recommendations for treatment of this condition.



They recommended next-day surgery for patients
with bilateral radiculopathy and large central disc
prolapse. For patients presenting with acute cauda
equine syndrome (CES), emergency surgery is a
must. Again, emergency surgery is indicated if large
disc prolapse with uncertain cauda equine syndrome
with residual nerve function, If there is prolonged
cauda equine syndrome or no residual sacral nerve
root function, surgery should be planned on the next
day's list. Uckun et al 3 retrospectively studied the
effect of surgical timing on improvement of motor
function and sphincter function in patients with CES
due to lumbar disc herniation. In this series muscle
strength improved in 13 and returned to normal in
nine patients and sphincter control resolved in five
patients. Sensory loss resolved in two patients. So
they suggested that patients with CES should be
operated within 24 hours._Foruriaand coworkers
31 retrospectively studied 18 patients to see whether
surgical treatment delayed for more than 48 hours
influenced the clinical outcome in patients with
cauda equina syndrome. All patients operated within
48 hours had good continence and motor recovery.
Three out of five with delayed surgery had residual
incontinence. But this result was not statistically
significant.

Kaiser et al.3 prospectively investigated the
relationship between postoperative urinary function,
preoperative duration of neurogenic lower urinary
tract dysfunction and the level of canal compromise
in 71 patients. After studying this large series of
patients they concluded that there is no correlation
between the preoperative duration of urinary
dysfunction, the size of disc herniation relative to the
size of spinal canal, and postoperative urinary
function.  Srikandarajah and colleagues 33
categorised CES involvement as CES with retention
(CESR) and CES incomplete (CESI). CESI operated
within 24 hours had a normal function in 89% but
only 48% benefitted when operated after 24 hours. If
operated within 48 hours 85% of CESI improved but
after 48 hours 56% benefitted. For those with CESR
the timing of the surgery did not make any difference
to the final outcome.

In contrast, there have been some studies which
conclude that the timing of surgery is not that
important. Aly and Aboramadan 3% studied 14
patients who underwent surgery one to three
months after urinary involvement. All patients were
relieved of back and leg pain, 12 regained control of
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the sphincters and nine improved in motor power.
So they concluded that even if surgery is delayed
improvement can be seen. Qureshi and Sell * tried
to determine the factors influencing spine and
urinary outcomes in CES due to disc herniation in 33
patients prospectively and assessed at 3 months and
one year postoperatively. Seven patients underwent
surgery within 2 hours and another 5 within 48
hours. No statistically significant difference in
outcome between the patients with respect to the
length of time from symptom onset to surgery was
made out. Patients who were continent of urine at
presentation had a much better outcome. So they
concluded that the duration of symptoms prior to
surgery had no bearing on the outcome. McCarthy et
al*® studied the factors that influence outcomes after
surgery for CES. Acute onset of sphincteric
symptoms and the time to operation did not
influence the outcomes; also more females were
affected. They found that the symptom duration
before operation and the speed of onset do not
affect the outcome more than two years after

surgery.

Olivero et al * reported 28 patients with CES due
to herniated discs and followed up for an average of
up to 5 years. Twenty-seven of these patients
regained continence not requiring catheterization.
There was no correlation between the time to
surgery and recovery of bladder function. The
majority of the patients were adequately treated
without the need for a complete laminectomy. Dhatt
and others 32 studied patients who were admitted
and operated up to 35 days after CES. There was no
statistically significant difference in time of delay in
surgery between the recovered and non-recovered
groups as tested by Student's t-test. But there was a
statistically significant positive correlation between
duration taken for total recovery and delay in
surgery. Anal wink as a predictor of bladder and
bowel recovery also showed statistical significance.
The result of surgery in CES is not as dramatic and
fast as seen after routine disc surgery. Some
improvement can be expected with decompression
even in those patients presenting late and results are
not universally poor as previously thought. The
treating physicians of such patients should be aware
that the recovery in this group of patients can take
an exceptionally long time and hence should be
involved in constant reassurance and rehabilitation
of the patient.


https://pubmed.ncbi.nlm.nih.gov/?term=Foruria+X&cauthor_id=26948511
https://pubmed.ncbi.nlm.nih.gov/?term=McCarthy+MJ&cauthor_id=17224816
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A study by Korse and others® evaluated the
association of MRI features with clinical presentation
and outcome of CES. They also compared the lumbar
spinal canal diameters of lumbar herniated disc
patients with CES and those without CES. They found
no association between MRI features and clinical
features and outcome. They also found that patients
with CES had a significant smaller AP diameter of the
lumbar spinal canal in CES patients compared with
those without CES. So they warned that patients with
lumbar herniated disc patients with a relatively small
lumbar spinal canal should be approached
differently. Chang, Nakagawa and Mizuno
reported 4 patients of 144 consecutive surgical series
of lumbar disc herniation, whose presenting
symptom was classic cauda equina syndrome. The
patients were on follow-up for up to 6.4 years. They
reported that in all these patients the voiding
function improved to normal even though it took
many years.

There are some studies which describe that CES
can occur postoperatively. McLaren and Bailey *'
reported six cases that developed CES after lumbar
discectomy. Of these five had associated lumbar
canal stenosis which was not tackled at time of
surgery. They opined that motor recovery was poor
if a severe deficit had developed before
decompression and bladder and sensory deficits
recovered well if decompressed early. Similar
reports were made by Jensen %> and Henriques .
The possible mechanism for this could be relative
spinal stenosis causing postoperative oedema and
triggering venous congestion causing nerve root
ischaemia. Extended decompression within 48 hours
seems to help patients to improve. We also have an
example of a lady who had foot drop and retention
of urine for more than 8 years and improved by open
L4L5 laminectomy discectomy.

There have been some reports of CES following
decompression for lumbar canal stenosis. Duncan
and Bailey * reported an incidence of 2.8% of CES in
patients with lumbar canal stenosis. All patients who
developed cauda equina syndrome improved over 3
to 9 months, but none completely resolved. Three
cases underwent further decompression with no
apparent improvement. Comer and coworkers 4
reported on older adults with lumbar canal stenosis
and said the diagnosis could be challenging. The
degenerative changes in the elderly can lead to
lumbar canal stenosis and gradual compromise of

the cauda equina. The very slow onset of symptoms
may be overlooked. So careful assessment and
vigilance are needed to manage this potentially
vulnerable patient group.

Sacral nerve stimulation is an excellent method of
treating all types of neurogenic bladder and also
pelvic pain . It is effective in urinary and bowel
involvement in CES causing bowel and bladder
involvement and in severe pelvic pain®’%-54,

EPIDURAL HAEMATOMA

Postoperative lumbar spinal epidural haematoma is
another complication of lumbar surgery but it is very
rare. Aono et al *® studied 26 patients who had spinal
epidural haematoma (SEH) evacuation and looked at
frequency of evacuation, symptoms, time to SEH
evacuation, comorbidities, and neurological
recovery. The frequency of SEH evacuation was
0.41% which included 0% lumbar discectomy, 0.50%
in lumbar laminectomy and 0.67% in posterior
lumbar interbody fusion. About 50% of the patients
had symptoms like leg pain or bladder dysfunction
after the suction drain was removed. The study
concluded that neurological recovery was better
when the evacuation was earlier. Yi and others %
looked at the risk factors and clinical outcomes in
postoperative spinal epidural haematoma. They
observed that patients with coagulopathy and highly
vascularized tumour were more vulnerable to spinal
epidural hematoma. The postoperative outcome
was related to the preoperative neurological deficit
and the time interval to the decompression; the
earlier and complete the evacuation the better the
results. There are also a few other case reports of

epidural haematoma causing neurological deficits>>
59

CONCLUSION

Extended Post-spinal surgery Syndrome (EPSS)" is
the proper term to describe complications after
lumbar surgery including nerve injury, dural injury,
cauda equina syndrome and epidural haematoma.
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ABSTRACT

Nanoneurosurgery, introduced in 2003, aims to revolutionize neurosurgery using
nanotechnology. Despite early excitement, its development has been slower than
expected. The field encompasses various neurosurgical domains, utilizing advanced
technologies like femtosecond laser and nanoparticle-enhanced stem cell therapies.
However, challenges such as diagnostic limitations, nanoparticle toxicity, and ethical
issues have impeded progress. Recent trends show a decline in research activity,
suggesting a need for more interdisciplinary approaches and practical applications.
The field remains distant from fully integrating nanotechnology, indicating that its
future impact might be indirect and gradual. Continued research and collaboration
are essential for realizing its potential.

BACKGROUND

The concept of "nanoneurosurgery" was first introduced by Dunn and
Black in 2003 to highlight the potential of molecular therapies in neuro-
oncology [5]. Since then, interest in nanoneurosurgery has grown
substantially, offering the possibility to transform the field. This paper
was motivated by an effort to review current practical applications of
nanotechnology in neurosurgery, which quickly exposed a pattern: the
excitement surrounding nanotechnology's potential to revolutionize
neurosurgery in the past decades has not only remained unfulfilled but
also seems to have waned. Consequently, we aimed to examine the
practical application of nanotechnology in neurosurgery, specifically
evaluating nanotechnology's progress in the field and exploring the
apparent decline in advancement, investigating the reasons behind it
and possibly proposing solutions to accelerate the bench-to-bedside
transition in nanoneurosurgery. We hope to answer the question "how
far are we from the dawn of the nano age" or, at the very least, analyze
existing obstacles and anticipated milestones.
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TERMINOLOGY

Generally, the terms nanotechnology and
nanomedicine carry different meanings. For
example, if "nano" denotes any technology involving
particles with at least one dimension of 10-9 (one
billionth of a meter), then many devices currently
utilized in operating rooms, from monitor electro
circuits to the most sophisticated robots, rely on
nanoparticle incorporation [11. However,
nanomedicine and, consequently,
nanoneurosurgery are used in a more contemporary
sense to describe the innovative and sometimes
unconventional advancements in preventing,
diagnosing, and treating diseases of the central and
peripheral nervous systems.

Furthermore, the term nanoneurosurgery is
incredibly wide-ranging, covering various
neurosurgical domains such as neuroregeneration,
targeted neuromodulation, non-surgical repair,
prognostic medicine, and molecular imaging, as well
as numerous neurosurgical subspecialties like
traumatic brain and spine injuries, neurovascular,
neurooncology, functional and  stereotactic
radiosurgery, and peripheral nerve, all while
incorporating an array of nano fields. Moreover, the
potential is extensive within neurosurgical practice,
from hemostasis and wound closure in the operating
room to enhanced operating room ergonomics,
targeted drug delivery to metastatic tumor cells and
stroke therapy, and aneurysm formation prevention
1,31

NANOMEDICINE APPLICATIONS

Nanomedicine is an interdisciplinary field in which
nanotechnology is involved in diagnosing, treating,
and monitoring medical diseases. However, applying
nanotechnology to the cellular and subcellular levels
of engineering and surgery might be challenging.
Specific progress has occurred in this direction.
Femtosecond (fs) laser multiphoton technology has
been used in high-precision surgery, which can be
performed on tissues, cells, intracellular organelles,
and molecules. Tangenomo et al. examined the
biochemical synthesis of the Golgi complex by using
the fs laser technique. The Golgi apparatus was also
being dissected and manipulated by the similar
technique. Such manipulations occur without
destabilization of the cell membranes. It is usually
performed by focusing fs laser using an objective
microscope lens on the Golgi complex. Therefore,

forming a cell-depleted Golgi apparatus result in a
status where its biosynthesis can be thoroughly
studied. Nevertheless, future expansion of this
technique is highly probable to be included in the
various nanosurgery applications [2]. Choi et al.
utilized the same method to stimulate the cell
membrane, resulting in the generation of calcium
waves. They used an fs laser to enhance astrocytes'
function in the mouse brain. As the laser is directed
on the cell membrane, the flow of Calcium ions
occurs, resulting in astrocyte-mediated vasodilation.
This application has potential usage as astrocytes are
the most abundant cell in the brain [6]. Furthermore,
nanotechnology has extended applications to the
molecular level, i.e., DNA.

Stem cell therapy is another field which
Nanotechnology has the potential of revolutionizing.
Mesenchymal stem cells can accelerate the recovery,
axon regeneration, and remyelination in the case of
peripheral nerve injury due to their anti-
inflammatory and anti-apoptotic effects, autophagy
reduction, and optimization of Schwann cell
function. A limitation of stem cell therapy, however,
is the migration of stem cells after transplantation
which  reduces their therapeutic effects.
nanoparticles such as that superparamagnetic iron
oxide nanoparticles can potentially facilitate the
homing of mesenchymal stem cells at the injury site
[4,7].

Nanotechnology in diagnostics has not advanced
significantly. Nevertheless, progress in radiology has
been noticed. 7 Tesla (7T) field's strength Magnetic
resonance imaging which can process imaging
reaching 10 microns details, has been applied in
managing certain brain diseases, including Multiple
sclerosis, brain tumors, and cerebrovascular
diseases. However, besides high cost and limited
availability, the disadvantages of this technology
include imaging artifacts and the recognition of the
details of anatomy and disease characteristics in
imaging under such high field strength. An accurate
test using nanotechnology to aid in the management
of patients is still in its infancy.

The current concept of surgery as a therapeutic
option probably will fade with the end of the 21st
century. High precision surgery, as an example in
precision medicine, may occupy the vacuum of
traditional surgery. The precision that comes with
the nano-level manipulations may give us the sense



that it is the surgery's future. However, doubts still
exist in the clinical field about such advances.

CURRENT TREND

In this context, an analysis of the most recent
systematic review on nanoneurosurgery reveals that
publications on the subject have steadily increased
since around 2003, peaked in 2015, then rapidly
declined, and have gradually continued to decline
since then, possibly reflecting an early period of
unmatched enthusiasm followed by conceptual and
practical stagnation [3]. Additionally, the relative
scarcity of human research in comparison to a
promising collection of bench-top and in-vitro
applications indicates that nanoscience discoveries
will  take time to convert into clinical
nanoneurosurgery, at least in the direct sense
originally anticipated.

There are various reasons for the sluggish
progress of nanomedicine toward
nanoneurosurgery, and roadblocks will almost
certainly continue to follow each discovery in
nanoscience or nanomaterials. These difficulties may
be categorized as follows, from specific to general: (1)
those associated with each potential advancement in
nanotechnology or nanomaterials, (2) those related
to the intricate complexity of the nervous system and
our current limited understanding of neuroanatomy
and neuropathophysiology, (3) those linked to
neurosurgical practice, given the unmatched
diversity and complexity of neurosurgical diseases,
as well as their frequently uncertain prognosis. (4)
difficulties posed by the inherent physical, chemical,
and biological properties of nanoparticles, with
concerns about short- and long-term toxicity
impeding their entry into clinical studies, and (5) a
slew of ethical, economic, and cultural complexities,
some inherent to neurosurgery and others well
documented and described in nanomedicine across
a variety of medical and surgical specialties [3,8].

TRANSITION PHASE
To accelerate the bench-to-bedside transition in
nanoneurosurgery, focused efforts should be made

at multiple levels, emphasizing a more
comprehensive interdisciplinary approach.
Additionally, considering the complexity of

nanoneurosurgery interactions, the  term
"nanoneurosurgery" might be an overly broad
designation. In this context, the specific steps

The status of nanoneusurgery investigated

needed and their anticipated timeline should be
assessed concerning the precise situation under
examination and customized to the particular
complexities of the given interaction.

Therefore, the response to the posed question is
that neurosurgery still has a considerable distance to
cover before fully leveraging the advantages of
nanotechnology, and the reason for this promise-
delivery discrepancy is not simple. Moreover, given
the immense complexity of the science-to-practice
interface, it is too early to dismiss the transformative
potential of this emerging field or compare its
progress rate to other rapidly developing
advancements in neurosurgery, such as robotics or
stereotactic radiosurgery. However, it may be
reasonable to conclude that, based on the analysis of
the predicted future versus current metrics
mismatch, nanotechnology may eventually be
integrated into daily neurosurgical practice. Still, this
integration is more likely to follow indirect pathways
rather than the direct translation initially suggested.

FUTURE DIRECTIONS

Finally, until neurosurgery is graced with the "nano
era," we should maintain a critical eye on the
practicalites and venues for translation of
nanoneuroscientific advances, striking the balance
between what is scientifically appealing and what is
more likely to make its way to our patients.
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ABSTRACT

A rare event, dural sinus thrombosis occurs more frequently in young adults and
children. Generally, medical treatment is the preferred option for this condition;
however, if no improvement is observed with medical treatment, decompressive
craniectomy is suggested as the preferred surgical intervention. A non-systematic
literature search was conducted in PubMed and SCOPUS databases until June 2023,
using keywords such as "Decompressive craniectomy," "Dural venous sinus
thrombosis," and "Traumatic Brain Injury," along with their synonyms in both English
and Spanish. The search revealed that genetic or acquired thrombophilia and the use
of oral contraceptives were the most common risk factors, explaining the female
predominance of this condition. Patients with dural sinus thrombosis commonly
experience headaches, the intensity of which is not yet considered pathognomonic
for the condition, ranging from mild to severe. Other nonspecific symptoms include
nausea, vomiting, and papilledema. Thrombolytic agents are utilized to rapidly
dissolve the clot, supported by interventional neuroradiology techniques to
administer the agent directly at the thrombosis site. Studies have reported the
effectiveness of emergent decompressive craniectomy in patients with recent onset
of dural sinus thrombosis, leading to good results, especially in cases where cerebral
hernia is present.

INTRODUCTION

Dural sinuses thrombosis (DST) remains a rare event [1], more
frequently afflicting young adults and children, with an estimated
incidence of 3 to 4 cases per 1,000,000 inhabitants for adults and 7 per
1,000,000 for children [2]. Approximately 75% of patients affected are
women, outnumbering men with a ratio of 3:1 [3]. The incidence
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resulting from traumatic brain injury (TBI) remains
unknown; some  experts suggest it s
underdiagnosed because clinicians frequently omit
this diagnosis during TBI evaluations. Symptoms
associated with dural venous sinus thrombosis vary,
ranging from mild headaches to severe neurological
deficits, including coma, due to elevated intracranial
pressure associated with ischemic and/or
hemorrhagic events [4]. Risk factors exacerbating the
prognosis of DST patients include age over 37 years,
altered mental status, brain hemorrhage, and coma,
among others. Presence of seizures, altered
consciousness, and coma heightens mortality rates
in patients [5]. Typically, medical treatment is the first
choice for this condition; however, when patients do
not show improvement with medical treatment,
experts suggest decompressive craniectomy as the
preferred surgical intervention. The prognosis relies
heavily on clinical presentation and imaging studies
[6]. This article outlines the risk factors,
pathogenesis, clinical manifestations, evaluation,
diagnosis, treatment, and prognosis of dural sinus
thrombosis, along with the application of
decompressive craniectomy.

A non-systematic literature search explored
PubMed and SCOPUS databases until June 2023,
utilizing keywords such as "Decompressive
craniectomy," "Dural venous sinus thrombosis," and
"Traumatic Brain Injury," in addition to their
synonyms in both English and Spanish. All types of
publications containing evidence or data related to
dural venous sinus thrombosis were included.
Exclusion criteria involved articles lacking full text.
Grey literature sources were also consulted,
culminating in the consideration of 48 articles.

RISK FACTORS

Certain factors promote DST when a TBI occurs; in
fact, prothrombotic risk factors or direct causes are
found in 85% of patients with sinus thrombosis [7].
In the international study of dural sinus and cerebral
vein thrombosis, involving 624 adults from 21
countries, researchers identified genetic or acquired
thrombophilia and the use of oral contraceptives as
the most common risk factors, potentially explaining
the female predominance of this condition [3,71.
Other conditions that contribute to DST include
neoplasms, central nervous system (CNS) alterations
(arteriovenous and dural fistulas), hematological
conditions, nephrotic syndrome, systemic vasculitis,

infections of the central nervous system (bacterial
meningitis, cerebral malaria) [8,9], inflammatory
bowel disease [7], medications (cisplatin
methotrexate, steroids) [10], neurological surgery,
lumbar puncture, pregnancy, and the puerperium
[9]. Despite the extensive list of risk factors,
approximately 20% of cases are considered
idiopathic [3,4,7,11]. Moreover, the use of oral
contraceptives and coagulopathies contribute to the
increased occurrence of this condition [5].

PATHOGENESIS

In cases of TBIl involving skull fractures or intracranial
hematomas, thrombosis can occur either due to
direct compression of the sinus or endothelial
damage within it. This endothelial damage activates
the coagulation system, leading to sinus occlusion.
DST rarely occurs in the absence of cranial suture
diastasis; when it does, it implies that the associated
mechanism involves endothelial damage within the
venous sinus [12]. The brain contains abundant
thromboplastin, released after injury, creating an
abnormal hypercoagulable state that results in
platelet and erythrocyte destruction followed by
thrombus formation [12].

Normally, cerebrospinal fluid (CSF) drains into the
superior sagittal sinus through arachnoid villi.
Thrombosis in these sinuses increases venous
pressure, disrupting the CSF absorption mechanism,
consequently raising intracranial pressure [2]. This
condition can lead to cytotoxic and interstitial edema
[13] and localized venous infarction. The outcome
includes dilated veins, edema, ischemic neuronal
damage, petechial hemorrhages, which can merge to
form bruises [2].

Two theories have been proposed: Cerebral vein
thrombosis (CVT) causing local effects due to venous
obstruction and venous sinus thrombosis (VST).
These events are often considered to occur
simultaneously. CVT results in cytotoxic and
vasogenic edema around venous vessels,
accompanied by venous infarcts, while VST leads to
increased venous pressure and decreased CSF
absorption, elevating intracranial pressure (ICP) [5].
The most frequently affected sinuses, in order, are
the transverse sinus, sagittal sinus, sigmoid sinus,
and straight sinus [13,14]. Coexisting involvement of
multiple sinuses is common [2].
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CLINICAL MANIFESTATIONS

Patients primarily experience headaches, which vary
in intensity from mild to severe and are not yet
considered pathognomonic for DST [3,7]. Other
nonspecific symptoms include nausea, vomiting, and
papilledema [7,12]. The frequency of these
symptoms is as follows: headaches (70-95%) [3,5],
seizures (39.3%), paresis (37.2%) [3], papilledema
(28.3-41%) [3,5], altered mental state (22%), aphasia
(19.1%), stupor or coma (13.9%), diplopia (13.5%),
and visual deficit (13.2%) [3]. Involvement of the deep
venous system results in altered consciousness,
abnormal pupillary reactions, and eye movement
abnormalities [5].

CLINICAL EVALUATION

Conducting a  comprehensive  neurological
examination is crucial to detect signs and symptoms
as well as to identify the presence of fractures, which
should be actively investigated [4]. This approach
enables a more accurate and timely diagnosis,
leading to improved patient outcomes [7]. Patients
with elevated intracranial pressure often experience
isolated symptoms, typically manifested as severe
headaches and diplopia, especially when intracranial
pressure is significantly elevated due to compression
of the sixth cranial nerve. Examination of the fundus
reveals papilledema and transient visual
impairment, which can become permanent if the
underlying condition is not promptly addressed [2].

DIAGNOSIS

The diagnosis of this condition relies on imaging
studies. Initially, computed tomography (CT) without
contrast is employed [5,15]. This scan reveals edema
and areas of hyperdensity indicating a hemorrhagic
infarction (present in 40% of cases). Additionally, it
identifies specific signs, such as the 'cord sign,’ an
area of hyperdensity with a thrombosed cortical vein
in the transverse sinus region [14,16], and the 'empty
delta sign,' a triangular area of enhancement with a
relatively attenuated center, seen in the superior
sagittal sinus. This sign, observed in about 28.6% of
patients, is considered pathognomonic for sinus
thrombosis and is associated with a poor prognosis
[12]. Its appearance is likely due to increased flow in
the large collateral dural venous circulation
surrounding the thrombosed sinus, resulting in a
central region of low attenuation [17]. However, the
absence of these findings does not rule out the

diagnosis; abnormalities are not reported in over
25% of cases [7]

Magnetic resonance imaging (MRI) is considered
one of the most effective methods for diagnosing
this condition as it allows visualization of intracranial
vasculature, providing precise information about the
location and timing of the thrombus within the dural
sinus [7]. In the subacute phase, the thrombus is
easily identifiable, particularly on T1-weighted
images, with the signal becoming intensely
hyperintense around day 15 on both T1 and T2-
weighted images, a critical period for diagnosis [17].
In the acute phase, the thrombus appears isodense
with the brain on T1-weighted images and low-signal
on T2-weighted images. This appearance can be
confused with blood flow; however, magnetic
resonance imaging with venography (MRV) can
confirm the absence of flow [13,15]. Contrasted T2
images have demonstrated higher sensitivity
compared to T1 or regular T2. Yet, due to the
potential for flow artifacts in MRl and MRV,
particularly in cases where deep venous infarction or
cortical venous thrombosis is suspected, high-
resolution endoluminal techniques such as
phlebography or conventional CT are recommended
[13].

Digital subtraction angiography, the gold
standard in diagnosis, is invasive and challenging to
access, making it a last resort used only when there
are doubts about the diagnosis that cannot be
resolved through other methods [5,12,13,15]. It is
also employed in cases of suspected long-standing
DST with unclear MRI images [18].

Although the D-dimer test has been proposed to
assess DST risk in emergency department patients,
with reported sensitivity of 97.1%, negative
predictive value of 99.6%, specificity of 91.2%, and
positive predictive value of 55.7%, it is not a routine
procedure. Its results can be influenced by coexisting
pathologies, and it is not universally applicable [7].

TREATMENT

The treatment strategy revolves around three key
aspects: managing intracranial pressure, preventing
seizures, and administering  antithrombotic
treatment. The goal of this therapy is to halt the
underlying thrombotic process and prevent venous
thrombosis from other sites that could potentially
worsen the clinical condition [1].
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Traditionally, heparin anticoagulation has been the
primary treatment, occasionally used irrespective of
the presence of bleeding [5,19,20]. Additionally,
monitored long-term use of warfarin has been
reported [4,13,15] to prevent overdose [21]. Caution
is necessary for patients immediately post-surgery
following a TBI, as anticoagulation is generally
contraindicated during the postoperative period.
This caution is crucial to prevent DST progression.
Hence, it is imperative to consider the possibility of
DST in the presence of a TBI, especially if there are
associated risk factors [4].

The use of thrombolytic agents for rapid clot
dissolution, supported by interventional
neuroradiology techniques delivering the agent
locally at the thrombosis site, has emerged as a
therapeutic option. Although there are no
randomized,  double-blind,  placebo-controlled
studies supporting thrombolysis as the first-line
therapy for cerebral venous sinus thrombosis in
comparison to unfractionated heparin, numerous
case reports and a single non-randomized study
have demonstrated its comparative safety and
effectiveness, particularly in rescuing patients who
deteriorate rapidly despite unfractionated heparin
treatment. This practice should be limited to
experienced centers [22]. It is indicated for patients
experiencing progressive deterioration
unresponsive to anticoagulant therapy, aiming for
rapid recanalization of the obstructed sinus [11,15].
When administered within 72 hours of diagnosis,

thrombolytic therapy achieves complete
recanalization in 56.5% of cases and partial
recanalization in  43.5%. Commonly used

thrombolytic agents include urokinase (73.7%),
tissue activator of recombinant plasminogen (tPA)
(21.5%), and thrombectomy or angioplasty (12.2%)
[11].

In a retrospective study analyzing 25 patients with
DST leading to venous congestion in the brain,
anticoagulation therapy alone resulted in a stable
course. Patients who received thrombolytic therapy
experienced more adverse effects, and those initially
undergoing  thrombectomy showed clinical
deterioration. This highlights the benefits of
antithrombotic therapy as the primary approach and
the potential role of thrombectomy and thrombolytic
therapy in central venous congestion development
[23]. Anticoagulant therapy alone does not seem
appropriate in these patients when cerebral venous

congestion occurs, possibly due to collateral flow loss
[23]. Therefore, in cases where patients deteriorate
clinically — despite  adequate  anticoagulation,
consideration of local or systemic thrombolysis is
recommended. There is no consensus on the
optimal medication, dosage, route, or method of
administration [7].

PROGNOSTIC ASPECTS

This condition is regarded as a severe event with high
associated mortality. It leads to progressive patient
deterioration or a lack of improvement in the clinical
condition, potentially resulting in severe neurological
complications or death if not promptly treated
[4,7,89,10,11,12,13]. Although specific mortality
rates below 10% have been reported, 17% of
survivors exhibit neurological deficits, and these
individuals may require long-term rehabilitation due
to lasting sequelae. It is advisable to conduct
neuroimaging follow-ups at least one year after the
event. Some cases experience increased intracranial
pressure, leading to optic nerve compression and
visual disorders. Hence, regular ophthalmology
follow-ups are recommended [13].

DECOMPRESSIVE CRANIECTOMY
Decompressive craniectomy (DC) is a surgical
technique that involves removing a portion of the
skull to facilitate brain expansion, thus mitigating
increased ICP and edema while controlling this
pathological process [24,25]. DC enhances oxygen
supply and perfusion pressure, proving beneficial in
reducing ICP in various conditions such as severe
head injury, stroke, and subarachnoid hemorrhage
[24,25]. It has also demonstrated usefulness in DST
cases unresponsive to medical interventions [26].
While randomized studies confirming the benefits of
DC in DST management are lacking [5], Stefani et al
[27] reported its efficacy in patients with cerebral
hernia due to DST, especially in recent clinical onsets,
yielding positive outcomes [27]. Patients who
underwent DC in this study experienced favorable
recoveries and positive functional results.
Additionally, they noted improved outcomes when
DC was combined with full doses of heparin
administered 24 hours post-surgery [28]. Similar
results have been reported in other cases, although
these findings are not conclusive [29-31].

Despite the existing gap in understanding the
utility of such techniques in cerebrovascular
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disorders and traumatic brain injuries, these
methods have the potential to enhance morbidity
rates, reduce mortality, decrease disability, and
alleviate the burden of neurological diseases [32-35].
Furthermore, advancements in science and
technology, particularly in robotic neurosurgery,
offer promising avenues to maintain and restore the
functional capacity and quality of life for affected
individuals [36-38].

CONCLUSIONS

Traumatic brain injury constitutes a risk factor for
dural venous sinus thrombosis development.
Accurate diagnosis and timely management of this
complication can be achieved through a thorough
clinical history and imaging studies. This s
particularly crucial in young patients with recent
head trauma who exhibit symptoms of intracranial
hypertension. In such cases, it is essential to rule out
neurosurgical pathology or intracranial hematomas
adjacent to venous structures. The prognosis is
contingent upon the treatment provided and the
involvement of other structures in the traumatic
brain injury.
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