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--- To truly grasp the complexities of intracranial neoplasms,
one must first abandon the traditional oncological definitions
of benign and malignant, as the rigid, non-expansible nature
of the calvarium completely alters the pathophysiological
landscape. According to the Monro-Kellie doctrine, the skull
contains a fixed volume occupied by the brain parenchyma,
cerebrospinal fluid (CSF), and blood. Consequently, any
space-occupying lesion, even a histologically benign, slow-
growing meningioma, will inevitably increase intracranial
pressure (ICP) and cause devastating mass effect, herniation,
and death if left untreated. Intracranial tumors are
fundamentally classified by their anatomical and biological
behavior. They are categorized as primary tumors originating
within the central nervous system versus metastatic lesions
which seed from systemic cancers. Furthermore, they are
defined by their spatial relationship to the brain parenchyma:
intra-axial tumors, such as gliomas, arise within the brain
tissue itself, making surgical resection highly challenging
without causing neurological deficits, whereas extra-axial
tumors, like meningiomas or schwannomas, originate outside
the brain substance and can often be dissected away safely.
Anatomically, the tentorium cerebelli serves as a crucial
anatomical landmark dividing the cranial vault into
supratentorial and infratentorial compartments, a distinction
that carries immense epidemiological significance, as the vast
majority of adult primary tumors are supratentorial, while
pediatric tumors predominantly arise in the posterior fossa
infratentorially. Malignancy in the CNS is characterized not
only by rapid growth and local invasiveness but also by the
rare potential for "drop metastases,” where tumor cells
disseminate through the CSF to seed the spinal cord, a
phenomenon observed in aggressive tumors like
medulloblastoma, though systemic extracranial metastasis
remains exceptionally rare due to the absence of intracranial
lymphatic drainage and the protective barrier of the blood-
brain barrier.

--- The molecular pathogenesis of brain tumors mirrors the
fundamental principles of systemic carcinogenesis,
progressing through sequential stages of induction,
promotion, and progression. At the cellular level, this
uncontrolled proliferation is driven by the dysregulation of
two primary classes of genes. Oncogenes, which typically



regulate normal cell growth, become hyperactivated, acting as
a perpetually pressed accelerator forcing the cell into
continuous mitosis. Conversely, tumor suppressor genes,
most notably the TP53 gene, lose their function, effectively
removing the biological brakes that normally halt the cell
cycle or trigger apoptosis in response to DNA damage. While
the majority of intracranial tumors occur sporadically without
a clear etiology, a critical subset is linked to specific inherited
genetic syndromes that predispose individuals to neoplastic
transformation, and these associations are heavily tested in
medical examinations. Neurofibromatosis type 1 (NF1),
caused by mutations in the neurofibromin gene, is classically
associated with optic nerve gliomas and peripheral
neurofibromas. Neurofibromatosis type 2 (NF2), driven by
mutations in the merlin protein on chromosome 22, is
definitively diagnosed by the presence of bilateral vestibular
schwannomas (acoustic neuromas) and is also associated
with multiple meningiomas. Tuberous sclerosis complex,
resulting from dysfunction in the mTOR pathway, predisposes
patients to subependymal giant cell astrocytomas (SEGA). Li-
Fraumeni syndrome, characterized by a germline TP53
mutation, carries a high risk for aggressive gliomas,
ependymomas, and medulloblastomas. Lastly, Von Hippel-
Lindau disease, involving the VHL gene and subsequent HIF
pathway dysregulation, is notoriously associated with
hemangioblastomas in the cerebellum and spinal cord, as
well as clear cell renal cell carcinomas. Beyond genetics, the
only definitively proven environmental risk factor for the
development of primary brain tumors is prior exposure to
high-dose ionizing radiation, particularly when administered
to the pediatric head and neck region for the treatment of
other malignancies.

--- The paradigm of central nervous system tumor
classification has undergone a revolutionary transformation
over the past two decades, reflecting our deepening
understanding of molecular oncology. Prior to 2007, the
World Health Organization (WHO) classification relied strictly
on histological phenotypes, meaning tumors were
categorized solely by their microscopic appearance. However,
it became clinically apparent that morphologically identical
tumors could exhibit vastly different clinical behaviors and
prognoses. This led to the landmark 2016 WHO update, which



introduced the concept of "integrated diagnosis," mandating
that tumor classification be based on a combination of
histological features (phenotype) and molecular genetics
(genotype). The most recent 2021 WHO classification, the fifth
edition, has further cemented the supremacy of molecular
diagnostics. In modern neuro-oncology, it is no longer
scientifically acceptable to diagnose a glioma based on
microscopy alone; for instance, an astrocytoma must now be
designated as either IDH-mutant or IDH-wildtype, as the
presence of an isocitrate dehydrogenase (IDH) mutation
completely redefines the tumor's biological behavior,
response to therapy, and the patient's overall survival, often
superseding the traditional histological grading of atypia.
Similarly, oligodendrogliomas are definitively diagnosed by
the combined presence of an IDH mutation and 1p/19q
chromosomal codeletion.

--- This sophisticated classification system organizes tumors
based on their cell of origin, reflecting the complex cellular
diversity of the central nervous system. Neuroepithelial
tumors, which arise from the supporting glial cells, constitute
the majority of primary brain tumors and include
astrocytomas, oligodendrogliomas, ependymomas, and
choroid plexus tumors. Tumors arising from actual neurons,
such as gangliogliomas and gangliocytomas, are
considerably rarer because post-mitotic neurons rarely
undergo malignant transformation. Embryonal tumors, like
the medulloblastoma, originate from primitive,
undifferentiated neuroepithelial cells and are highly
aggressive, predominantly afflicting children in the posterior
fossa. Outside the neuroepithelial compartment, nerve sheath
tumors, such as schwannomas and neurofibromas, originate
from the cells that encapsulate peripheral and cranial nerves.
Meningeal tumors, predominantly meningiomas, arise from
the arachnoid cap cells and represent the most common
extra-axial primary brain tumors. Furthermore, the CNS
harbors immune cells, specifically microglia, whose
malignant proliferation leads to Primary CNS Lymphoma, a
disease increasingly seen in immunocompromised patients.
The categorization also encompasses tumors of the sellar
region, such as pituitary adenomas, and germ cell tumors like
germinomas, which typically localize to the pineal and
suprasellar regions. Finally, it is crucial to distinguish these



true neoplasms from tumor-like malformations, such as
craniopharyngiomas, dermoid and epidermoid cysts, and
colloid cysts. Craniopharyngiomas, for example, derive from
remnants of Rathke’s pouch and are not true glial neoplasms,
yet they behave aggressively in a clinical context due to their
proximity to critical hypothalamic and pituitary structures,
often requiring complex surgical management despite their
benign histological nature.

--- Understanding the clinical manifestations of intracranial
tumors requires a solid foundation in neuroanatomical
pathophysiology, particularly the paradox that the brain
parenchyma itself is entirely insensitive to pain. The
headache associated with brain tumors is therefore not
generated by the tumor invading the brain tissue, but rather
by the tumor mass effect stretching or distorting pain-
sensitive structures located within the cranial vault, primarily
the dura mater, the dural venous sinuses, and the proximal
segments of the cerebral arteries. Furthermore, as the tumor
grows and increases intracranial pressure (ICP), it impedes
the absorption of cerebrospinal fluid, leading to a classic
headache pattern that is progressively worsening, often
maximal in the morning upon waking—due to the recumbent
position increasing cerebral blood volume overnight—and
exacerbated by maneuvers that transiently raise ICP, such as
coughing, sneezing, or bending over. This headache is
frequently accompanied by other hallmark features of
elevated ICP, most notably projectile vomiting that occurs
without preceding nausea, and papilledema, which is optic
disc swelling secondary to increased intracranial pressure
transmitted through the subarachnoid space around the optic
nerve. In end-stage herniation syndromes, where the medulla
oblongata is compressed, clinicians must be vigilant for
Cushing's triad, characterized by systemic hypertension,
bradycardia, and irregular respirations, which represents a
dire neurological emergency.

--- Beyond generalized symptoms of increased ICP, tumors
produce focal neurological deficits dictated by their specific
anatomical location, and they can cause lateralizing signs of
brain shift and herniation as they displace intracranial
contents. A critical clinical pearl in neuro-oncology is the
presentation of new-onset epilepsy in an adult, particularly



over the age of 30. While epilepsy in children is often
idiopathic or genetic, the de novo appearance of seizures in a
middle-aged or elderly adult is a structural lesion until proven
otherwise, occurring in approximately 30% of brain tumor
patients due to cortical irritation caused by the neoplasm.
Additionally, tumors located in the frontal lobes can manifest
with profound, subtle changes in personality, executive
dysfunction, or abulia, which are notoriously misdiagnosed
as primary psychiatric conditions like depression, leading to
dangerous delays in diagnosis. The neurological deficit
progression is strictly site-dependent; for instance, a lesion in
the motor cortex causes contralateral weakness, while a
lesion compressing the optic chiasm classically causes
bitemporal hemianopia.

--- The clinical picture is fundamentally divided by the
tentorium cerebelli into supratentorial and infratentorial
syndromes. Supratentorial lesions typically present with focal
lobar signs: frontal lobe tumors cause personality changes
and contralateral motor weakness; parietal lobe tumors cause
sensory neglect, astereognosis, and visual field defects;
temporal lobe tumors may cause auditory hallucinations, deja
vu, or dominant hemisphere dysphasia; and occipital lobe
tumors cause homonymous hemianopia. Infratentorial tumors,
located in the posterior fossa, present a distinct clinical
challenge because this compact space contains the
brainstem and cerebellum, as well as the narrow aqueduct of
Sylvius and fourth ventricle. Consequently, infratentorial
tumors often cause obstructive hydrocephalus early in their
course, leading to rapid ICP elevation. Focal signs here
include cerebellar dysfunction manifesting as ataxia,
dysmetria, and nystagmus, as well as brainstem signs
characterized by cranial nerve palsies (cranial nerves lli
through XIl), crossed neurological deficits (such as an
ipsilateral cranial nerve palsy with contralateral hemiparesis),
and alterations in consciousness due to compression of the
reticular activating system.

--- When investigating a suspected brain tumor, the primary
aims are to confirm the presence of a mass, delineate its
anatomical boundaries, and determine if it is a primary
neoplasm or a metastasis, which would necessitate a
systemic workup to find the primary source. Although largely



replaced by advanced cross-sectional imaging, the plain skull
X-ray still yields classic, highly tested radiological signs.
Specific tumors have a predilection for calcification, and
identifying calcifications on an X-ray should immediately raise
suspicion for oligodendrogliomas, meningiomas,
craniopharyringiomas, or ependymomas. Meningiomas,
originating from the arachnoid cap cells, uniquely provoke a
bony reaction leading to hyperostosis of the overlying skull
vault. Conversely, aggressive lesions like metastases,
chordomas, or craniopharyngiomas cause bone destruction.
Generalized signs of chronically elevated ICP on a skull X-ray
include separation of the cranial sutures in children and
"beaten copper" or finger-print impressions on the inner table
of the skull. Furthermore, the pineal gland normally calcifies
with age; if this calcification is visible on an X-ray but shifted
away from the midline, it unequivocally indicates a unilateral
supratentorial mass effect pushing the brain parenchyma.

--- The computed tomography (CT) scan of the brain is the
fundamental acute investigational tool, providing rapid
assessment of the tumor's site, associated mass effect, bone
involvement, and multiplicity. The administration of
intravenous contrast is crucial for lesion characterization, as
the pattern of enhancement reflects the integrity of the blood-
brain barrier (BBB). High-grade gliomas, metastases,
meningiomas, acoustic neuromas, and large pituitary
macroadenomas all vividly enhance because they either lack
a functional BBB—due to the chaotic, leaky neoangiogenesis
characteristic of high-grade tumors—or, in the case of extra-
axial tumors like meningiomas, reside outside the BBB
entirely. In contrast, low-grade gliomas typically do not
enhance because they have not yet disrupted the BBB. The
discovery of multiple enhancing lesions on a CT scan
strongly points toward metastatic disease, most commonly
originating from the lung, breast, or melanoma, thereby
shifting the clinical focus from primary brain tumor
management to systemic oncological staging.

--- Following the initial computed tomography evaluation, the
diagnostic workup for a suspected brain tumor heavily relies
on advanced neuroimaging and precise tissue
characterization. Magnetic Resonance Imaging (MRI) with
gadolinium contrast is universally recognized as the gold



standard for intracranial tumor assessment. Unlike CT, MRI
provides superior soft tissue resolution, clearly delineating
the tumor margins, the surrounding vasogenic edema, and
the exact anatomical relationship with critical neurovascular
structures. Specific MRI sequences, such as FLAIR to
suppress cerebrospinal fluid signal and highlight edema, and
advanced techniques like MR Spectroscopy to analyze the
biochemical fingerprint of the lesion, are indispensable. While
MRI defines the anatomy, Magnetic Resonance Angiography
(MRA) or conventional digital subtraction angiography (DSA)
is utilized to map the tumor’s vascular supply. This is
particularly crucial preoperatively for highly vascular extra-
axial tumors like meningiomas, as it allows for preoperative
embolization to reduce intraoperative blood loss, and to
identify arteries that are encased or displaced by the mass.
Positron Emission Tomography (PET) scanning adds a
functional dimension by assessing the metabolic activity of
the lesion; malignant tumors typically exhibit
hypermetabolism with increased glucose uptake. This is
clinically vital when an MRI shows a new contrast-enhancing
lesion post-treatment, as differentiating between true tumor
recurrence and radiation necrosis—a dead, non-metabolic
tissue—is nearly impossible on structural MRI alone but is
easily distinguished on PET.

--- Cerebrospinal fluid (CSF) cytology is a specialized
investigation aimed at detecting malignant cells that have
shed into the CSF, a phenomenon known as leptomeningeal
dissemination or drop metastases. However, the most critical
clinical pearl regarding CSF analysis in the context of brain
tumors is the absolute contraindication of performing a
lumbar puncture in the presence of suspected elevated
intracranial pressure. If a mass lesion is causing a pressure
gradient between the supratentorial and infratentorial
compartments, releasing CSF from the lumbar cistern can
precipitate a catastrophic downward transtentorial or tonsillar
herniation, leading to instantaneous respiratory arrest and
death. When tissue diagnosis is required, it can be obtained
via a needle biopsy through a burr hole, though this blind
approach carries significant risks. The modern standard for
deep-seated or inaccessible lesions is stereotactic biopsy, an
image-guided technique where a rigid frame or robotic system
is fixed to the patient's skull, correlating preoperative MRI



coordinates to calculate a precise trajectory for the biopsy
needle, thereby minimizing damage to eloquent brain areas.
Alternatively, a biopsy may be obtained as an integral step
during an open craniotomy intended for tumor resection.

--- Before concluding that a mass is a neoplasm, clinicians
must maintain a broad differential diagnosis, as various non-
neoplastic pathologies can perfectly mimic brain tumors on
neuroimaging. Vascular lesions such as spontaneous
intracerebral hematomas, particularly in elderly patients or
those on anticoagulants, giant aneurysms, and arteriovenous
malformations (AVMs), can present as space-occupying
lesions. Infectious etiologies are major mimics; a brain
abscess will classically present as a ring-enhancing lesion on
CT or MRI, closely resembling a high-grade glioma or
metastasis, but it requires antibiotic therapy rather than
surgical resection. Other infectious mimics include
tuberculomas and parasitic hydatid cysts. Furthermore,
developmental or congenital cysts, such as arachnoid cysts,
dermoid cysts, and epidermoid cysts, must be considered,
though their distinct radiological characteristics, such as a
lack of surrounding edema or specific signal intensities on
MRI, usually allow for accurate differentiation.

--- The foundational principle of medical therapy in neuro-
oncology that must be internalized is that conventional
medications do not shrink or cure primary brain tumors. The
sole purpose of medical management, specifically the
administration of corticosteroids like Dexamethasone, is to
reduce the vasogenic edema surrounding the tumor. This
edema occurs because the tumor disrupts the blood-brain
barrier, allowing fluid to leak into the extracellular space of
the brain parenchyma. Dexamethasone stabilizes the
endothelial cells, rapidly reducing permeability and
decreasing brain volume, which can be life-saving in cases of
acute herniation. Dexamethasone is particularly effective and
heavily relied upon in managing edema associated with brain
metastases, meningiomas, and glioblastoma multiforme
(GBM).

--- Surgical intervention remains the cornerstone of definitive
treatment for the vast majority of brain tumors. The surgical
objectives are threefold: to obtain a histological diagnosis via



biopsy, to achieve cytoreduction by removing as much of the
tumor as possible—ideally a gross total resection—and to
treat emergent complications like obstructive hydrocephalus
via a shunting procedure. The surgical approach is
meticulously planned based on tumor location; a standard
craniotomy involves cutting a bone flap, accessing the lesion,
and replacing the bone, whereas a craniectomy involves
removing the bone and leaving it out, a technique reserved for
cases with severe, unrelenting brain swelling where replacing
the bone would cause fatal compression. For sellar and
parasellar lesions, particularly pituitary adenomas, a trans-
sphenoidal approach through the nasal cavity avoids
manipulating the cerebral cortex entirely. A trans-oral
approach is rarely used but is reserved for accessing ventral
lesions at the craniovertebral junction.

--- Radiotherapy plays a critical role as an adjuvant treatment
following surgical resection, though it is imperative to
differentiate between conventional radiotherapy and
radiosurgery. Conventional radiotherapy utilizes fractionated
doses of radiation delivered over several weeks to target
residual microscopic disease, whereas radiosurgery, such as
Gamma Knife, delivers a highly focused, single, massive dose
of radiation to a precisely defined target, acting essentially as
a scalpel without an incision. Radiosurgery is ideal for small,
well-circumscribed lesions, metastases, or in patients unable
to undergo open surgery. Certain primary brain tumors
exhibit exquisite radiosensitivity, most notably germinomas
and medulloblastomas, which can sometimes be cured by
radiation alone. However, radiation is not without severe
consequences; acute complications include worsening
peritumoral edema, while chronic complications involve
demyelination, radiation necrosis—which presents as a
contrast-enhancing mass that mimics tumor recurrence—and
devastating cognitive decline, particularly in pediatric patients.
Furthermore, ionizing radiation is a known mutagen that can
induce secondary neoplasms, such as meningiomas, years or
decades after treatment.

--- Chemotherapy faces unique hurdles in the central nervous
system, primarily the presence of the intact blood-brain
barrier, which blocks the penetration of large, hydrophilic
chemotherapeutic molecules, and the low growth fraction of



many brain tumors, meaning only a small percentage of cells
are actively dividing and vulnerable to cytotoxic drugs at any
given time. Despite these challenges, specific regimens have
become standard of care. Temozolomide, an oral alkylating
agent, is the gold-standard chemotherapeutic agent for
Glioblastoma Multiforme (GBM), and its efficacy is profoundly
influenced by the tumor's molecular genetics; tumors with
MGMT promoter methylation cannot repair the DNA damage
induced by temozolomide, resulting in significantly prolonged
survival. For oligodendrogliomas, particularly those
characterized by the favorable 1p/19q chromosomal
codeletion, the combination chemotherapy regimen known as
PCV—Procarbazine, Lomustine (CCNU), and Vincristine—
remains a highly effective adjuvant treatment. Finally,
emerging therapeutic modalities include hyperthermia, which
exploits the heat sensitivity of tumor cells, immunotherapy
utilizing LAK (Lymphokine-Activated Killer) cells to stimulate
an immune response against the tumor, and gene therapy
aimed at correcting defective tumor suppressor genes like
TP53, though these remain largely experimental in neuro-
oncology due to the unique immune-privileged environment
of the brain.

--- To thoroughly comprehend the clinical management of
posterior fossa tumors, one must appreciate the intimate
anatomical relationship between this confined bony space
and the cerebrospinal fluid (CSF) pathway. The posterior
fossa houses the cerebellum, the brainstem, and the critically
important fourth ventricle, which serves as the major conduit
for CSF flow from the cerebral ventricles into the
subarachnoid space. Consequently, a space-occupying lesion
in this region inevitably leads to obstructive hydrocephalus,
causing a rapid and life-threatening elevation in intracranial
pressure. This pathophysiological reality frequently
necessitates urgent CSF diversion, either via an external
ventricular drain (EVD) or a ventriculoperitoneal (VP) shunt,
prior to definitive surgical resection of the tumor. However, a
paramount clinical pearl in neurosurgical oncology is the
significant risk associated with placing a permanent VP shunt
in the setting of a posterior fossa tumor. Highly malignant
posterior fossa tumors, such as medulloblastomas, have a
well-documented propensity for leptomeningeal
dissemination, shedding malignant cells into the CSF. A VP



shunt acts as a mechanical conduit, inadvertently
transporting these aggressive tumor cells from the posterior
fossa directly into the peritoneal cavity, resulting in iatrogenic
peritoneal seeding and widespread abdominal metastasis. To
avoid this catastrophic complication, neurosurgeons strongly
prefer temporary CSF diversion via an EVD or performing an
endoscopic third ventriculostomy (ETV) to bypass the
obstruction internally, strictly avoiding permanent shunting
until the histological nature of the tumor is confirmed.

--- Shifting the focus to the most prevalent category of
primary brain neoplasms, gliomas account for approximately
52% of all intracranial tumors and arise from the
neuroectodermal glial cells, which provide structural,
metabolic, and trophic support to neurons. Astrocytomas,
originating specifically from astrocytes, represent the most
common primary brain tumors, constituting 45% of all
gliomas, with a peak incidence between the fourth and sixth
decades of life. Understanding the normal physiology of
astrocytes is essential to understanding the pathology of their
tumors; astrocytic foot processes envelop cerebral capillaries
to form a critical component of the blood-brain barrier (BBB),
they regulate the extracellular ionic environment, and they
actively uptake potentially neurotoxic neurotransmitters like
glutamate. When these cells undergo malignant
transformation, they disrupt the BBB, leading to the
vasogenic edema that fundamentally dictates the clinical
presentation and radiological appearance of these lesions.
Anatomically, astrocytomas distribute relatively equally
among the frontal, temporal, parietal, and thalamic regions,
with occipital lobe involvement being distinctly uncommon.

--- The World Health Organization (WHO) classification
stratifies astrocytomas into four grades based on histological
aggressiveness, a grading system that is inextricably linked
to patient prognosis and therapeutic decisions. Low-grade
astrocytomas, encompassing WHO Grade | (pilocytic
astrocytoma) and Grade Il (diffuse astrocytoma), present
distinct clinicopathological profiles. Pilocytic astrocytomas
are typically pediatric tumors located in the cerebellum,
characterized by a discrete, well-circumscribed nature that
allows for gross total surgical resection and essentially
guarantees a cure. In stark contrast, diffuse astrocytomas



(Grade Il) primarily affect the cerebral hemispheres of adults
and are defined by their infiltrative nature. Macroscopically,
low-grade diffuse astrocytomas lack a true capsule and have
no distinct surgical margins, blending imperceptibly into the
surrounding normal brain parenchyma, which renders gross
total resection virtually impossible without causing severe
neurological deficits. They are relatively avascular, possess a
firm, fibrous consistency due to increased glial fibrillary
acidic protein (GFAP) production, and exhibit fine calcium
deposits in approximately 15% of cases. Microscopically,
these Grade Il lesions demonstrate well-differentiated cells
with mild hypercellularity and nuclear atypia, but crucially,
they lack the high mitotic activity, vascular proliferation, and
necrosis that characterize higher grades. However, because
of their inherent diffuse infiltration, these low-grade tumors
are inherently unstable and carry an almost inevitable risk of
malignant progression to higher-grade anaplastic
astrocytomas over a span of 5 to 10 years.

--- High-grade astrocytomas, comprising WHO Grade llI
(anaplastic astrocytoma) and Grade IV (glioblastoma
multiforme, GBM), represent a devastating leap in biological
aggressiveness, primarily localized to the cerebral
hemispheres. Macroscopically, these tumors abandon the
firm consistency of their low-grade counterparts, becoming
highly vascularized, soft, and hemorrhagic masses. Their
rapid growth outstrips their blood supply, resulting in
pervasive central necrosis. A hallmark macroscopic and
radiological feature of high-grade astrocytomas, particularly
GBM, is the "butterfly glioma."” This occurs when a highly
aggressive tumor arises in one frontal lobe and infiltrates
across the white matter tracts of the corpus callosum to
involve the contralateral frontal lobe, creating a bilateral,
symmetric appearance reminiscent of a butterfly on
neuroimaging. The presence of a butterfly glioma is a grim
indicator of widespread, bilateral hemispheric invasion,
rendering the tumor entirely inoperable and signifying a
profoundly poor prognosis. Microscopically, the leap to high
grade is defined by increased mitotic activity in Grade Ill, and
by the pathognomonic presence of microvascular
proliferation—wherein endothelial cells hyperproliferate into
glomeruloid-like tufts—and pseudopalisading necrosis in
Grade IV. In pseudopalisading necrosis, highly malignant



tumor cells form a dense, hypercellular ring around areas of
ischemic necrosis, aggressively migrating away from the
central hypoxia, a microscopic signature that unequivocally
distinguishes GBM as the most lethal and infiltrative primary
brain tumor in adults.

--- The clinical manifestation of astrocytomas is
fundamentally dictated by the biological aggressiveness of
the tumor, which correlates directly with its WHO histological
grade. Low-grade astrocytomas exhibit an indolent growth
pattern, meaning the brain's natural neuroplasticity can
compensate for the slow expansion of the mass;
consequently, patients may experience subtle focal
neurological deficits or new-onset seizures that slowly
progress over several years before a diagnosis is established.
Paradoxically, epilepsy is significantly more prevalent in low-
grade astrocytomas than in high-grade gliomas. This occurs
because the slowly infiltrating tumor cells irritate the
surrounding cortical neurons, allowing them to form aberrant,
hyperexcitable synaptic circuits. In contrast, high-grade
astrocytomas, such as glioblastoma multiforme, grow so
rapidly that they destroy the cortical architecture and cause
profound necrosis, rendering the tissue electrically inactive
and incapable of generating seizures, though they present
with rapidly progressive focal deficits and an acute,
catastrophic rise in intracranial pressure due to massive
vasogenic edema and mass effect.

--- The radiological evaluation of astrocytomas utilizing
Computed Tomography (CT) provides a direct window into
the integrity of the blood-brain barrier, which is the key
differentiator between low and high-grade lesions. Low-grade
astrocytomas typically appear as small, homogeneously
hypodense masses due to their low cellular density and
relative avascularity, surrounded by minimal peritumoral
edema, and crucially, they do not enhance with intravenous
contrast because the tumor neovasculature has not yet
disrupted the BBB. Fine calcifications may be visible.
Conversely, high-grade astrocytomas present as large,
heterogeneous masses encased in marked vasogenic edema;
they enhance in a non-uniform, ring-like pattern because the
central tumor core outgrows its blood supply and undergoes
necrosis, while the peripheral, highly vascularized, and BBB-



deficient tumor rim avidly takes up the contrast agent.
Magnetic Resonance Imaging (MRI) is vastly superior to CT,
particularly for evaluating the posterior fossa, brainstem, and
skull base, as MRI does not suffer from the bone-related
beam-hardening artifacts that obscure these regions on CT.
On MRI, both low and high-grade astrocytomas generally
exhibit hypointensity on T1-weighted images and
hyperintensity on T2-weighted images, reflecting the
increased water content inherent to both the tumor cells and
the surrounding edema. Cerebral angiography rarely
demonstrates a tumor blush in astrocytomas, unlike
meningiomas, but instead reveals a silent, avascular mass
causing the passive displacement of normal cerebral
vasculature.

--- Understanding the patterns of spread is crucial for
grasping why these tumors are virtually impossible to cure
with surgery alone. Systemic metastasis outside the central
nervous system is exceedingly rare, a protective feature
attributed to the lack of intracranial lymphatics and the
filtering capacity of the blood-brain barrier. However, high-
grade astrocytomas can seed the leptomeninges via the
cerebrospinal fluid in approximately 10% to 25% of cases,
leading to drop metastases along the spinal cord. The
hallmark and most clinically significant pattern of local spread
is tracking through the white matter tracts. Astrocytomas do
not respect anatomical boundaries; they migrate along the
pre-existing structural scaffolding of the brain, such as the
corpus callosum, internal capsule, and projection fibers,
resulting in the "butterfly glioma" phenomenon and rendering
gross total resection a surgical impossibility since
microscopic tumor cells have already infiltrated far beyond
the visible margins on MRI.

--- The management paradigm for astrocytomas is heavily
influenced by this infiltrative biology. Surgery is never
curative; its primary aims are to secure a histological biopsy,
achieve cytoreductive debulking to alleviate mass effect and
reduce intracranial pressure, and decrease the tumor burden
prior to adjuvant therapies. Radiotherapy serves as a critical
adjuvant treatment to target the microscopic disease left
behind in the white matter tracts. The prognostic statistics
highlight the grim reality of high-grade disease: surgery alone



yields a median survival of a mere 17 weeks, which is
extended to approximately 37 weeks with the addition of
radiotherapy, reflecting the profound radioresistance and
biological aggression of glioblastoma. In stark contrast, low-
grade astrocytomas carry a much more favorable, though still
ultimately fatal, prognosis, with a median survival
approaching 8 years before they inevitably undergo malignant
progression to a higher grade.

--- Transitioning to oligodendrogliomas, these tumors arise
from oligodendrocytes, the glial cells responsible for
producing the myelin sheath that insulates central nervous
system axons, thereby facilitating rapid saltatory conduction.
Representing approximately 5% of all gliomas, they typically
present in the fifth decade of life and have a strong
predilection for supratentorial locations, overwhelmingly
favoring the frontal lobes. Histologically, the majority are well-
differentiated, though mixed gliomas containing both
oligodendroglial and astrocytic or ependymal components are
observed in about 40% of cases, reflecting their origin from a
common neural progenitor cell. Clinically, they mimic low-
grade astrocytomas, presenting with seizures and slow
progressive neurological deficits. However, the most vital,
modern consultant-level pearl regarding oligodendrogliomas
is their absolute dependence on molecular diagnostics for
classification. Under the current WHO guidelines, a tumor
cannot be diagnosed as an oligodendroglioma unless it
demonstrates combined deletion of the short arm of
chromosome 1 and the long arm of chromosome 19 (1p/19q
codeletion). This specific genetic signature not only
definitively distinguishes oligodendrogliomas from
morphologically similar astrocytomas but also predicts an
exquisite sensitivity to chemotherapy—specifically the PCV
regimen—and is associated with a significantly prolonged
overall survival often exceeding 15 years, making it a
paradigmatic example of how molecular genetics has
revolutionized neuro-oncological prognosis and treatment.

--- The radiological and management profile of
oligodendrogliomas completes the clinical picture of this
distinct neoplasm, heavily defined by its unique molecular
signature. On neuroimaging, oligodendrogliomas present with
a classic and highly testable hallmark: coarse intratumoral



calcifications are visible on computed tomography in up to
90% of cases, a finding that frequently prompts the
radiologist to suggest this specific diagnosis prior to any
histological confirmation. Approximately 50% of these tumors
will exhibit contrast enhancement due to a disrupted blood-
brain barrier, and they often appear well-demarcated on MRI,
which can be deceptively reassuring. A critical consultant-
level nuance is that despite their seemingly discrete borders
on imaging, oligodendrogliomas are inherently infiltrative
tumors at the microscopic level, sending tentacles of
neoplastic cells far into the surrounding normal white matter,
rendering a true cure by surgery alone virtually impossible.
The standard of care mandates the most aggressive surgical
resection safely achievable, followed by adjuvant
radiotherapy. However, the true paradigm shift in their
management hinges on molecular diagnostics; tumors
demonstrating the 1p/19q codeletion are exquisitely sensitive
to combination chemotherapy, specifically the PCV regimen,
which significantly prolongs progression-free and overall
survival, explaining the historically cited 5-year survival rate
of 30% to 50%, which is now substantially higher in
molecularly defined cohorts.

--- Shifting focus to ependymomas, understanding their
pathophysiology requires a return to basic neuroanatomy.
These tumors arise from the ependymal cells, which are the
ciliated glial cells lining the ventricular system and the central
canal of the spinal cord. Consequently, ependymomas
characteristically grow within the ventricular cavities, often
acting as a physical obstruction to cerebrospinal fluid outflow.
Representing 5% of all gliomas, their anatomical distribution
follows a strict age-dependent pattern that is a favorite on
board examinations: approximately 70% occur infratentorially
within the fourth ventricle, predominantly in the pediatric
population, while 30% are supratentorial, arising in the lateral
ventricles of adults. The histological classification of
ependymomas is deeply intertwined with their clinical
behavior. Non-anaplastic variants include the papillary type,
which is histologically distinguished by the presence of true
rosettes—where tumor cells form a lumen resembling the
primitive ependymal canal—and perivascular pseudorosettes,
where tumor cells orient their processes radially around a
central blood vessel, a pathognomonic microscopic signature.



The myxopapillary variant is uniquely restricted to the conus
medaullaris and filum terminale of the spinal cord and carries
an indolent, benign prognosis. Subependymomas, another
benign variant, are notoriously heavily calcified, grow
extraordinarily slowly, and are most frequently discovered
incidentally on imaging or at autopsy. In contrast, anaplastic
ependymomas are highly malignant.

--- The clinical presentation of ependymomas is a direct
mechanical consequence of their intraventricular location.
Infratentorial lesions in children rapidly obstruct the fourth
ventricle, leading to acute obstructive hydrocephalus and
profoundly elevated intracranial pressure, accompanied by
cerebellar signs such as truncal ataxia due to local
compression. Supratentorial lesions in adults present more
insidiously with focal neurological deficits and gradual
increases in ICP. Because these tumors reside within the CSF
pathways, they have a high propensity for leptomeningeal
dissemination, dropping metastatic cells down the spinal cord.
This unique pattern of spread dictates the therapeutic
strategy: surgical resection must be followed by radiation of
the entire neuroaxis—encompassing the whole brain and the
complete spinal cord—to eradicate any microscopic droplet
metastases, a grueling regimen necessitated by the tumor's
biology. Ependymomas hold the distinction of being the
second most radiosensitive primary brain tumor, surpassed
only by medulloblastoma. Prognosis is highly variable, with a
5-year survival ranging from 20% to 50%, influenced heavily
by the extent of surgical resection; interestingly,
supratentorial ependymomas in adults often carry a better
prognosis than their infratentorial pediatric counterparts, as
the lateral ventricles offer a wider surgical corridor that allows
for a more complete, safer resection compared to the
treacherous, narrow space of the fourth ventricle adjacent to
the vital brainstem.

--- Finally, medulloblastoma represents an entirely different
biological entity, classified not as a glioma, but as a Primitive
Neuroectodermal Tumor (PNET). It originates from
undifferentiated, embryonal neuroepithelial cells in the
cerebellum that fail to migrate and differentiate properly
during fetal development. It is the most common malignant
primary brain tumor of childhood, with a distinct peak



incidence at 5 years of age. Anatomically, it classically
presents as a midline posterior fossa mass arising from the
cerebellar vermis, which exerts mass effect on and
compresses the fourth ventricle, leading to the rapid onset of
obstructive hydrocephalus in a young child.
Medulloblastomas are universally high-grade, highly
aggressive malignancies. Their pattern of dissemination is
exceptionally dangerous and unique among primary brain
tumors. Like ependymomas, they aggressively seed the
craniospinal axis via the CSF, causing drop metastases along
the spinal cord. However, medulloblastomas possess the rare
and ominous ability to metastasize systemically via
hematogenous spread, frequently seeding the bones and
bone marrow, a behavior almost never seen in glial tumors.
On CT imaging, the tumor typically appears as a hyperdense
or isodense midline lesion that homogeneously and strongly
enhances with contrast, clearly delineating its mass effect on
the obstructed fourth ventricle. Modern molecular profiling
has further subdivided medulloblastoma into distinct
subgroups—WNT, SHH, Group 3, and Group 4—each carrying
vastly different prognoses and requiring tailored therapeutic
approaches, representing the absolute cutting edge of neuro-
oncological management.

--- Completing the management paradigm for
medulloblastoma, the therapeutic sequence is meticulously
designed to address both the local mass effect and the
tumor's inherent tendency for widespread leptomeningeal
dissemination. The immediate priority upon presentation is
the stabilization of obstructive hydrocephalus; however, as
previously emphasized, the placement of a permanent
ventriculoperitoneal shunt is generally avoided to prevent
iatrogenic peritoneal seeding of this highly malignant
embryonal tumor, favoring instead temporary external
ventricular drainage or an endoscopic third ventriculostomy
to bypass the obstruction internally. Following this, maximal
safe surgical resection is pursued to decompress the
posterior fossa and establish a tissue diagnosis. The
cornerstone of curative treatment, however, is adjuvant
craniospinal axis irradiation. Because medulloblastoma has a
predilection for dropping metastases along the entire
neuraxis via the cerebrospinal fluid, radiation must
encompass the whole brain and the entire spinal cord, a



intensive regimen that yields a 5-year survival rate of 40% to
60%, though this aggressive radiation carries a devastating
cost of long-term neurocognitive deficits and spinal growth
abnormalities in the pediatric population.

--- Shifting to the most ubiquitous extra-axial neoplasm,
meningiomas arise from the arachnoid cap cells, distinct from
the dura mater with which they are frequently and incorrectly
associated. Accounting for approximately 15% of all primary
brain tumors, they hold the distinction of being the most
common benign intracranial tumors, with a striking female
predilection that is intrinsically linked to tumor biology, as the
majority of these lesions express progesterone receptors, and
occasionally estrogen receptors, explaining the rapid growth
observed during pregnancy. The etiology is multifactorial,
with well-documented associations including prior low-dose
cranial irradiation, neurofibromatosis type 2, and interestingly,
a history of remote head trauma, which is theorized to induce
local reactive arachnoid cell proliferation. The pathognomonic
radiological signature of a meningioma on computed
tomography is a highly characteristic triad: the lesion appears
hyperdense due to its high cellular density and frequent
microcalcifications, it enhances homogeneously and
intensely following contrast administration because it exists
entirely outside the blood-brain barrier, and it induces a
reactive hyperostosis in the overlying skull vault, driven by
the tumor's secretion of osteogenic factors like vascular
endothelial growth factor.

--- The clinical symptomatology of meningiomas is a
masterclass in neuroanatomical localization, as the tumor's
indolent, slow-growing nature allows the brain to compensate
silently until the mass impinges upon critical structures. The
most prevalent location is the parasagittal region, adjacent to
the superior sagittal sinus. A parasagittal meningioma
classically presents with focal epilepsy and, crucially, a
contralateral lower limb paresis; this specific motor deficit
occurs because the homunculus representation of the leg is
situated on the medial aspect of the motor cortex, directly
adjacent to the falx cerebri. If the tumor grows bilaterally to
involve the paracentral lobule, it will interrupt the cortical
micturition center, resulting in urinary incontinence, a vital
diagnostic clue. When located on the sphenoid wing, a



meningioma can compress the ipsilateral optic nerve, and if it
simultaneously raises intracranial pressure, it produces the
classic Foster Kennedy syndrome, characterized by ipsilateral
primary optic atrophy due to direct chronic compression,
coexisting with contralateral papilledema resulting from the
elevated intracranial pressure. Olfactory groove meningiomas
present with a progressive unilateral anosmia that often goes
unnoticed by the patient until it becomes bilateral, sometimes
accompanied by the same Foster Kennedy syndrome if the
optic apparatus is involved. A supremely important
differentiating point for suprasellar meningiomas is that they
compress the optic chiasm from above, producing a
bitemporal hemianopia, yet they distinctly lack the
endocrinological disturbances that characterize pituitary
macroadenomas, because the pituitary gland itself remains
compressed but structurally intact below the mass.

--- The definitive management of meningiomas is gross total
surgical resection, which is highly curative for benign
variants due to their extra-axial, well-circumscribed nature.
However, the risk of recurrence is a persistent surgical
challenge that is fundamentally anatomical rather than
histological. The most common source of recurrence is the
microscopic or macroscopic invasion of major dural venous
sinuses, particularly the superior sagittal sinus, by the tumor.
Because sacrificing a patent major sinus would result in
catastrophic venous infarction and massive hemorrhage, the
surgeon is often forced to leave a small fragment of the tumor
adherent to the sinus wall. It is this residual microscopic
disease that inevitably proliferates over time, necessitating
the use of postoperative fractionated radiotherapy or
stereotactic radiosurgery to control local recurrence and
prolong progression-free survival.

--- To comprehensively understand pituitary adenomas, one
must first visualize the exquisite anatomical relationships of
the sella turcica, a bony depression that cradles the gland
directly beneath the optic chiasm and flanked laterally by the
cavernous sinuses. Pituitary adenomas, originating
predominantly from the anterior lobe, are remarkably common,
with autopsy studies suggesting a staggering 20% incidental
prevalence, indicating that a vast majority of these lesions
remain clinically silent throughout a person'’s life. They are



classified primarily by size, with microadenomas measuring
less than one centimeter and macroadenomas measuring one
centimeter or greater, as well as by their secretory
functionality. The clinical presentation is elegantly divided
into mass effect and endocrine dysfunction. Mass effect is
typically a manifestation of macroadenomas or non-functional
tumors that expand beyond the confines of the sella. As the
tumor grows superiorly, it compresses the central
decussating fibers of the optic chiasm, classically producing
a bitemporal hemianopia, where the patient loses their
peripheral vision in both visual fields. Lateral expansion into
the cavernous sinus entraps cranial nerves lli, IV, V1, V2, and
VI, leading to ophthalmoplegia, facial sensory loss, and
potentially proptosis with chemosis due to venous outflow
obstruction. It is critically important to differentiate these from
other parasellar lesions, such as craniopharyngiomas,
tuberculum sellae meningiomas, and carotid artery
aneurysms, which can mimic this exact anatomical
compression.

The endocrine manifestations depend entirely on the cellular
lineage of the secreting adenoma. Prolactinomas, the most
common functional adenomas, suppress the hypothalamic-
pituitary-gonadal axis, leading to galactorrhea, amenorrhea,
and infertility in women, and decreased libido or impotence in
men. A vital clinical pearl in evaluating hyperprolactinemia is
the "stalk effect”; a non-secretory macroadenoma can
compress the pituitary stalk, interrupting the flow of
hypothalamic dopamine, which normally inhibits prolactin,
thereby causing a moderate elevation in prolactin levels,
typically less than 200 ng/mL, whereas a true prolactinoma
usually causes elevations far exceeding this threshold.
Adrenocorticotropic hormone (ACTH)-secreting adenomas
cause Cushing’s disease, characterized by central obesity,
hypertension, and hyperpigmentation due to the melanocyte-
stimulating hormone fragments within the ACTH molecule.
Growth hormone-secreting tumors cause acromegaly in
adults and gigantism in children. Conversely, large non-
functional tumors can compress the normal anterior pituitary,
leading to progressive panhypopituitarism, though diabetes
insipidus is distinctly rare because the posterior pituitary and
the hypothalamic-neurohypophyseal tract are typically spared
until late in the disease course. A catastrophic complication



of these tumors is pituitary apoplexy, a neurosurgical
emergency characterized by sudden hemorrhage or infarction
within the adenoma, leading to an acute expansion of the
sellar mass, presenting with thunderclap headache, acute
visual loss, ophthalmoplegia, and altered mental status,
which requires immediate high-dose corticosteroid
replacement to prevent fatal adrenal crisis, often followed by
urgent surgical decompression.

The diagnostic workup mandates formal visual field testing to
document chiasmal compression, alongside a comprehensive
panel of dynamic endocrine tests, including an 8 AM cortisol,
prolactin, IGF-1, and thyroid function tests. Magnetic
resonance imaging with gadolinium is the gold standard, as it
can detect microadenomas that are invisible on computed
tomography. The management paradigm has shifted
significantly toward medical therapy as the first-line treatment
for functional tumors. Dopamine agonists, such as
bromocriptine or cabergoline, are remarkably effective in
shrinking prolactinomas and restoring normoprolactinemia,
effectively eliminating the need for surgery in the vast
majority of patients. Somatostatin analogues like octreotide
are utilized to suppress growth hormone secretion in
acromegaly. When surgery is indicated, the endoscopic trans-
sphenoidal approach is the absolute standard of care, as it
provides a direct route through the nasal cavity and sphenoid
sinus to the sella, completely avoiding brain retraction and
minimizing neurological morbidity, reserving the transcranial
approach exclusively for giant adenomas with significant
suprasellar extension that cannot be accessed from below.

Transitioning to the posterior fossa, the vestibular
schwannoma, historically and incorrectly termed an acoustic
neuroma, is a benign, slow-growing neoplasm arising from
the Schwann cells ensheathing the vestibular division of the
eighth cranial nerve within the internal auditory canal. With an
incidence of roughly 1.5 per 100,000, it peaks between the
fourth and sixth decades of life. An unbreakable diagnostic
rule in neurology and neurosurgery is that the presence of
bilateral vestibular schwannomas is pathognomonic for
Neurofibromatosis Type 2 (NF2), distinguishing it from the
sporadic unilateral form. The clinical evolution of this tumor is
a textbook example of anatomical progression dictating



symptomatology. In its early stages, when the tumor is
confined to the bony internal auditory canal and measures
less than two centimeters, it classically presents with an early
clinical triad: unilateral progressive sensorineural hearing
loss, which is present in up to 98% of patients, tinnitus, and
mild disequilibrium, as the tumor compresses the tightly
confined cochlear and vestibular nerves. As the tumor
expands beyond the internal auditory canal into the
cerebellopontine angle, exceeding two centimeters, it begins
to compress the adjacent facial nerve and the trigeminal
nerve, leading to ipsilateral facial weakness, loss of the
corneal reflex, and facial numbness. In the late stages, when
the tumor surpasses four centimeters, it exerts mass effect on
the brainstem and cerebellum, causing ataxia, diplopia from
brainstem compression, and obstructive hydrocephalus due
to fourth ventricular compression.

The diagnostic gold standard is an MRI of the internal
auditory canal with gadolinium, or heavily T2-weighted
FIESTA sequences, which offer near-perfect sensitivity and
specificity for identifying even the smallest intracanalicular
lesions. The management of vestibular schwannomas has
become highly nuanced, emphasizing the preservation of
neurological function over aggressive resection, particularly
given the fact that up to 60% of these tumors show no growth
over a year of observation. For elderly patients, those with
small tumors, or individuals with significant comorbidities,
expectant management with serial MRI and audiogram
surveillance every six months is the prudent approach.
Stereotactic radiosurgery, such as the Gamma Khnife, is highly
effective for controlling tumor growth in medium-sized
lesions while preserving hearing in a significant proportion of
patients. Microsurgical resection via a retrosigmoid or
translabyrinthine approach is strictly reserved for large
tumors greater than three centimeters, those causing severe
brainstem compression, or those associated with
hydrocephalus. While surgical cure is highly likely if a
complete resection is achieved, the operative morbidity is
heavily tied to tumor size, with risks including cerebrospinal
fluid rhinorrhea from opening the mastoid air cells, meningitis,
and permanent facial nerve palsy, which remains the most
dreaded complication, though it is generally only clinically
significant if it occurs bilaterally in the context of NF2.



Furthermore, the diagnosis of a sporadic vestibular
schwannoma mandates genetic counseling and targeted
testing for the NF2 mutation in the patient's family members
to rule out the hereditary syndrome.

All praise is due to Allah for the successful beginning of my
fifth year of studying Medicine.

The first days of clinical rotations have truly been enjoyable in
every way. Before anything else, | want to express my sincere
gratitude to the physicians and residents | had the privilege of
meeting. Their encouragement, advice, and confidence in me
left a lasting impact, especially during the beginning of my
Obstetrics and Gynecology rotation. To every one of you who
took the time to know my ambition, believed in it, and
supported me—I promise that | will do everything | can to live
up to your expectations. Your words were never just words;
they helped shape my determination.

My goal has been clear from the very first day, and it has
never changed: to become the very best | can be in
Neurosurgery. By the will of Allah, | aspire to reach the
highest level possible. | will dedicate my time, effort, energy,
and every part of myself to this dream. I'm not walking this
path to impress anyone or to prove anything to anyone. I'm
walking it for myself, for my dream, and even if | have to walk
it alone, because in the end, Allah and | are all | truly need.

The road here, however, has not been easy. | went through
one of the hardest periods of my life. | lost many people—
some for understandable reasons, and others without any real
explanation. | won't deny that it hurt. But | learned one
important lesson: life never stops for anyone. I've made peace
with the belief that once someone chooses to leave my life,
they leave, and | don't give second chances. It's not hatred,
nor resentment; it's simply how | protect my heart and keep
moving forward. On the other hand, those who entered my life
at the right time, believed in me and my dream before it
became reality, stood beside me, and supported me—they will
always have a permanent place in my heart and memory, and |
will never forget them.

As long as there is breath in my body, nothing will stop me
from pursuing this dream except death. Every obstacle before
that is simply another challenge that, by Allah's permission, |



will overcome. And | don't intend to stop at one specialty. |
want to continue growing into a polymath—someone whose
knowledge extends across multiple disciplines. | truly believe
that excellence has no boundaries and that learning is a
lifelong journey.

To my future self...

This is a promise between who | am today and who | will
become—a promise that will never be broken:

By the will of Allah, | will become one of the world's leading
neurosurgeons.

When the days become difficult, remember these words. The
future is waiting, and | have complete faith that Allah never
lets sincere effort go to waste.

O Allah, bless my journey and my knowledge. Make me a
means of healing for those who suffer, allow me to benefit
humanity, and write for me the honor of becoming one of the
distinguished neurosurgeons in the world—if that is good for
my faith, my life, and my Hereafter.

This is not merely a wish.

It is a covenant | have made with myself, and | will remain
faithful to it for as long as | live.

And Allah is the Best of Witnhesses.

As my first step on this journey, | will begin explaining the
Fifth-Year Neurosurgery course. All lecture files and
educational materials will be uploaded to my Facebook page,
which you can find below:
https://lwww.facebook.com/share/1EwknsrycZ/

The journey ahead is long, but | am walking it with
unwavering determination.
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