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Intracranial hemorrhage (ICH) refers to bleeding within the skull. It can be classified into two 
main types: Traumatic ICH – caused by head injuries, such as those from accidents, falls, or 
physical assaults and Non-traumatic ICH – occurs without an external injury and is usually 
due to underlying medical conditions. 

Causes of Non-Traumatic Intracranial Hemorrhage: 

1. Primary Brain Parenchymal Hemorrhage: This is the most common cause of spontaneous 
bleeding in the brain; main cause is Hypertension (High Blood Pressure), Chronic high blood 
pressure weakens small arteries in the brain, making them prone to rupture, the Common 
locations is Basal ganglia, thalamus, cerebellum, and pons. 

2. Cerebral Amyloid Angiopathy (CAA): condition where amyloid protein builds up in the 
walls of small blood vessels in the brain makes the vessels fragile and more likely to rupture, 
common in elderly individuals and often linked to Alzheimer’s disease, causes lobar 
hemorrhages, meaning bleeding in the outer regions of the brain (cortex). 

3. Ruptured Aneurysms: Aneurysm = an abnormal ballooning or bulging of a blood vessel due 
to a weak spot in the vessel wall; If an aneurysm bursts, it leads to subarachnoid hemorrhage 
(SAH) or intracerebral hemorrhage (ICH), depending on the location the Risk factors are 
High blood pressure, smoking, genetic conditions, and certain connective tissue disorders. 

4. Vascular Malformations: Abnormal connections between blood vessels that can rupture and 
cause bleeding, types include: Arteriovenous Malformations (AVMs) – tangled abnormal 
vessels that create high-pressure blood flow and Cavernous Malformations – clusters of 
abnormally formed blood vessels with thin walls, prone to leakage also Capillary 
Telangiectasias – small dilated capillaries that usually do not cause problems but can bleed in 
some cases. 

5. Vasculitis: Inflammation of blood vessel walls, which can weaken them and lead to 
hemorrhage, Can be caused by autoimmune diseases (e.g., lupus, giant cell arteritis, 
polyarteritis nodosa). 

Other (Rarer) Causes of Intracerebral Hemorrhage: Bleeding Disorders, Conditions like 
hemophilia, thrombocytopenia, or disseminated intravascular coagulation (DIC) can impair 
blood clotting, increasing the risk of spontaneous bleeding and Drug-Related Causes like 
Anticoagulants (blood thinners) such as warfarin or heparin increase the risk of bleeding, 
especially if not well-monitored and Thrombolytic drugs (used to break clots in stroke 
patients) can also lead to hemorrhage and Cocaine Use, Cocaine and other stimulants can 
cause severe spikes in blood pressure, leading to vessel rupture also Brain Tumors Some 
tumors, particularly highly vascular ones (like glioblastomas or metastatic cancers from the 
lung, kidney, or melanoma), can invade blood vessels and cause bleeding. 

 



Primary brain parenchymal hemorrhage (PBH) refers to spontaneous (non-traumatic) 
bleeding within the brain tissue. This condition is most common in older adults (peak 
incidence around 60 years old) and results from the rupture of small intraparenchymal blood 
vessels; Hypertension is the leading cause of PBH, accounting for the majority of cases, most 
commonly affected areas are the basal ganglia, thalamus, pons, and cerebellum due to their 
blood supply from small, penetrating arteries, condition can cause neurological deficits, coma, 
or even death, depending on the size and location of the hemorrhage. 

Why Does Hypertension Cause Parenchymal Hemorrhage? high blood pressure places 
excessive stress on blood vessels over time, leading to structural changes that make them 
fragile and prone to rupture. 

1. Hyaline Arteriolosclerosis: The Main Pathological Mechanism 

What happens to small blood vessels in chronic hypertension? 
Hyaline arteriolosclerosis develops due to persistent high 
pressure in small arterioles, vessel walls undergo homogeneous 
pink hyaline thickening due to: Plasma leakage into the vessel 
walls (from endothelial damage) and Increased extracellular 
matrix production by smooth muscle cells in response to 
mechanical stress; As a result: vascular walls become thickened 
but weaker and less elastic and lumen (inside space) of the artery 
narrows, reducing blood supply to the brain also vessel loses its 
normal structure, making it prone to rupture, especially if there is a sudden or sustained 
increase in blood pressure. 

2. Charcot-Bouchard Microaneurysms: Weak Spots in the Arteries: Due to chronic 
hypertension, small penetrating arteries in the brain develop tiny, balloon-like outpouchings 
called Charcot-Bouchard microaneurysms, these are microscopic aneurysms (unlike large 
aneurysms seen in subarachnoid hemorrhage); Most commonly found in: Basal ganglia 
(especially putamen), Thalamus, Pons and Cerebellum; these microaneurysms can rupture at 
any time, leading to a sudden and severe hemorrhage. 

3. Vessel Rupture: How Bleeding Happens: Over time, chronic damage from high blood 
pressure makes the vessel walls thin and fragile, sudden increase in blood pressure (stress, 
physical exertion, drug use) can cause a rupture at a weak point in the vessel; When the vessel 
ruptures, blood leaks into the brain tissue, damaging neurons and increasing intracranial 
pressure (ICP). 

Symptoms of Primary Brain Hemorrhage depend on two main factors: The brain region 
affected by the hemorrhage and The size of the bleed and its effect on intracranial pressure 
(ICP). 

Neurological Symptoms Based on Affected Brain Region 

Location of Bleeding Associated Symptoms
Basal ganglia (most common 
site)

Weakness (hemiparesis), loss of coordination, speech difficulties 
(dysarthria).

Thalamus Sensory loss, eye movement abnormalities.



Symptoms of Increased Intracranial Pressure (ICP):  Severe headache (due to pressure on 
pain-sensitive structures) and Nausea and vomiting (from brainstem compression) and 
Altered consciousness (from brain swelling and herniation) and Seizures (if bleeding irritates 
the brain cortex). 

Morphology (Pathological Features) of Brain Hemorrhage 

1. Acute Phase (First Hours to Days): Fresh extravasated blood collects in the brain tissue, 
this compresses surrounding neurons, leading to cell death and edema. 

2. Subacute Phase (Days to Weeks): Macrophages begin to remove blood products (such as 
hemoglobin) and reactive astrocytosis occurs (activation of astrocytes to repair damage). 

3. Chronic Phase (Weeks to Months): The damaged brain tissue is cleared away, leaving a 
fluid-filled cavity (gliotic scar), cavitary lesions remain as evidence of old hemorrhages. 

Cavity Formation: Old infarcts (ischemic strokes) and old hemorrhages both 
result in cavity formation, This is because the brain does not regenerate lost 
neurons—it replaces dead tissue with a cystic cavity. 

Hypertension damages the brain in multiple ways: 

1. Massive Intracranial Hemorrhage: Large, life-threatening hemorrhages, usually in the 
basal ganglia, thalamus, or brainstem. 

2. Lacunar Infarcts (Silent Strokes): Caused by occlusion of small penetrating arteries due to 
chronic hypertension, occur mostly in the deep grey matter (basal ganglia, thalamus, pons, 
internal capsule) and often asymptomatic, but multiple infarcts over time cause vascular 
dementia. 

3. Slit Hemorrhages: Small, linear hemorrhages along small penetrating arteries, often found 
in the white matter of the brain. 

4. Acute Hypertensive Encephalopathy: Caused by sudden, extreme elevations in blood 
pressure and leads to brain edema, confusion, seizures, coma can be fatal if untreated. 

What is Vasculitis? refers to inflammation of the blood vessel wall, this inflammation can 
cause damage, weakening, and narrowing of the vessel, if the vessel wall becomes too weak, it 
can rupture, leading to intracranial hemorrhage. 

How Does Vasculitis Lead to Intracranial Hemorrhage? Inflammation damages endothelial 
cells (cells lining the blood vessels) and The vessel wall becomes fragile and prone to rupture 
and Inflammation can also cause narrowing and blockage (thrombosis) of small arteries, This 
leads to ischemia (lack of blood supply), which can later result in hemorrhagic transformation 
(when damaged blood vessels break and cause bleeding). 

Pons Loss of consciousness, breathing abnormalities, quadriplegia.

Cerebellum Severe dizziness (vertigo), loss of balance, vomiting, difficulty 
walking.



Causes of Vasculitis (Types of Vasculitis Associated with Brain Hemorrhage): 

1. Infectious Arteritis (Infection-Related Vasculitis): Vasculitis can occur due to infection of 
blood vessels, leading to inflammation and damage, the Previously common causes are 
Syphilis (tertiary syphilis could cause inflammation of the brain’s blood vessels) and 
Tuberculosis (TB) (could lead to tuberculous meningitis, affecting small brain vessels) but 
Now more commonly associated with Cytomegalovirus (CMV) – seen in immunocompromised 
patients (e.g., HIV/AIDS, organ transplant patients) and Herpes viruses (HSV, VZV) – can 
cause vasculitis leading to stroke or hemorrhage and Fungal infections (Aspergillosis, 
Mucormycosis) – These infections invade vessel walls (angioinvasive fungi) and cause necrosis, 
thrombosis, and hemorrhage and Bacterial endocarditis – Bacteria from the heart can travel 
to the brain, infect the vessels, and cause mycotic aneurysms that can rupture and bleed. 

2. Polyarteritis Nodosa (PAN): systemic necrotizing vasculitis affecting medium-sized arteries, 
can involve the brain’s arteries, leading to ischemic strokes or hemorrhage; Causes segmental 
inflammation (some parts of the artery are inflamed, others are normal) Leads to aneurysm 
formation, which can rupture and cause hemorrhage; Associated with hepatitis B infection in 
some cases. 

3. Primary Angiitis of the CNS (PACNS): rare, idiopathic vasculitis that only affects the brain 
and spinal cord causes widespread inflammation of small and medium-sized arteries in the 
CNS leads to progressive cognitive dysfunction, confusion, and encephalopathy can cause 
both ischemic strokes and hemorrhages due to vessel damage. 

What is Cerebral Amyloid Angiopathy (CAA)? is a condition where amyloid proteins are 
abnormally deposited in the walls of small and medium-sized arteries in the brain, leading to 
weakness of the vessel walls and an increased risk of lobar hemorrhages (bleeding in the outer 
brain regions, such as the cerebral cortex); Unlike hypertensive hemorrhages, which occur in 
deep brain structures (basal ganglia, thalamus, pons), CAA-related hemorrhages occur in the 
lobes of the brain (lobar hemorrhage), CAA is not associated with systemic amyloidosis; 
rather, it is primarily a brain-limited disease. 

How Does CAA Cause Brain Hemorrhage? 

1. Amyloid Deposition Weakens Blood Vessels: In CAA, abnormal amyloid proteins 
accumulate in the walls of cerebral arteries, especially in cortical and leptomeningeal (pia 
mater) vessels,  affected vessels become rigid, fragile, and prone to rupture. 

2. Lobar Hemorrhage (Cortex & Subcortical Areas): Because CAA primarily affects cortical 
and leptomeningeal arteries, hemorrhages occur in lobar regions (frontal, parietal, occipital, 
or temporal lobes), This contrasts with hypertensive hemorrhages, which occur in deep brain 
structures due to small penetrating artery disease. 

3. Recurrent Hemorrhages (Multiple Bleeds Over Time): Unlike single-event hypertensive 
hemorrhages, CAA-related hemorrhages tend to be recurrent, Over time multiple small 
hemorrhages can lead to progressive cognitive impairment (vascular dementia). 



What is Amyloidosis? refers to the abnormal deposition of extracellular fibrillary proteins 
(amyloid) in tissues and organs; These amyloid fibrils are formed by misfolded proteins, 
which are normally soluble but become insoluble and aggregate when misfolded. 

How Does Amyloid Affect Tissues? Amyloid deposits accumulate in extracellular spaces and 
interfere with normal tissue function, In CAA, the amyloid accumulates in the walls of 
cerebral arteries, leading to structural damage and increased fragility. 

Key Histological and Ultrastructural Features of Amyloid: 

1. Congo Red Staining (Diagnostic Test for Amyloid): Amyloid 
deposits stain red with Congo red dye; Under polarized light, the 
deposits show a characteristic apple-green birefringence; This 
staining is an essential diagnostic tool for amyloidosis. 

2. Electron Microscopy (Structural Features of Amyloid): Under electron 
microscopy, all types of amyloid show: Continuous, non-branching fibrils 
and Diameter of approximately 7.5 to 10 nm also Cross-β-pleated sheet 
conformation (a unique structural arrangement of misfolded proteins). 

What is a Berry Aneurysm? also called a saccular aneurysm is a thin-walled, sac-like 
outpouching of a cerebral artery, these aneurysms occur at major arterial branch points, 
primarily in the anterior circulation of the brain (Circle of Willis) they develop due to 
congenital weakness in the vessel wall, but additional risk factors contribute to their 
formation and rupture. 

Location of Berry Aneurysms 90% occur in the anterior 
circulation, often at the junctions of the following 
arteries: 

1. Anterior communicating artery and anterior cerebral 
artery → Most common site. 

2. Junction of posterior communicating artery and 
internal carotid artery . 

3. Bifurcation of the middle cerebral artery. 

20–30% of cases have multiple aneurysms. 

Why Do Berry Aneurysms Form? aneurysms are not present at birth but develop over time 
due to: 

1. Congenital defects → Absence of smooth muscle and elastic fibers at arterial branch points. 

2. Hemodynamic stress → High blood pressure increases pressure at bifurcations, leading to 
progressive dilation. 



3. Risk factors: Hypertension (most important modifiable risk) and Smoking (damages blood 
vessel walls) and Genetic conditions (autosomal dominant polycystic kidney disease [ADPKD], 
Ehlers-Danlos syndrome) and Atherosclerosis (weakens the vessel wall). 

How Do Berry Aneurysms Cause Hemorrhage? 

1. Rupture occurs suddenly, usually triggered by an increase in intracranial pressure (ICP), 
Activities like straining (Valsalva maneuver), exertion, or emotional stress can cause rupture. 

2. Leads to a sudden, severe headache (“thunderclap headache”), often described as “the 
worst headache of my life”. 

3. Loss of consciousness can occur within minutes 

4. 25–50% of patients die due to the hemorrhage. 

5. Survivors remain at risk of rebleeding, which carries a high fatality rate. 

 

Types of Hemorrhage Caused by Ruptured Berry Aneurysms 

1. Subarachnoid Hemorrhage (SAH) → Most Common Outcome is the most 
frequent result of aneurysm rupture; Blood spills into the subarachnoid space 
(the area between the arachnoid and pia mater layers of the brain); Classic 
clinical features: Thunderclap headache (sudden, severe, and diffuse) and Neck 
stiffness (nuchal rigidity) due to meningeal irritation and Photophobia 
(sensitivity to light) and Loss of consciousness in severe cases. 

2. Intraparenchymal Hemorrhage (Less Common but Possible), some cases blood from the 
ruptured aneurysm extends into the brain parenchyma, causing: Focal neurological deficits 
(depending on the affected brain area) and Severe brain swelling and increased ICP. 

Diagnosis of Ruptured Berry Aneurysms 

1. Imaging Tests for Subarachnoid Hemorrhage:  CT scan (non-contrast) → First-
line test; detects acute bleeding as hyperdense (bright) blood in the subarachnoid 
space and Lumbar puncture (if CT is negative but suspicion is high) → Detects 
xanthochromia (yellow discoloration of CSF due to RBC breakdown). 

2. Identifying the Aneurysm: CT angiography (CTA) or Digital Subtraction Angiography 
(DSA) → Used to locate the aneurysm and assess for other vascular abnormalities. 

Complications of Ruptured Berry Aneurysms 

1. Rebleeding → High mortality risk (most dangerous in the first 24–48 hours). 

2. Vasospasm (Delayed Cerebral Ischemia), Occurs 3–10 days after hemorrhage; Narrowing 
of cerebral arteries → reduced blood flow → stroke-like symptoms and Nimodipine (a 
calcium channel blocker) is used to prevent vasospasm. 

3. Hydrocephalus → Blood in CSF can block normal drainage, leading to increased ICP. 



4. Seizures due to cortical irritation from the hemorrhage. 

Treatment of Ruptured Berry Aneurysms: 

1. Emergency Management:  Supportive care like Oxygen, fluids, blood pressure control and 
Preventing rebleeding Aneurysm must be secured as soon as possible. 

2. Surgical and Endovascular Treatment: Surgical clipping-Aneurysm is surgically exposed, 
and a metal clip is placed to prevent further bleeding and Endovascular coiling-Minimally 
invasive; a catheter is inserted into the artery, and tiny coils are placed inside the aneurysm to 
block blood flow. 

Vascular malformations are abnormal formations of blood vessels in the brain that can 
increase the risk of intracranial hemorrhage, seizures, and neurological deficits. The four 
major types of vascular malformations are: Arteriovenous (AV) Malformations (most 
clinically significant) and Cavernous Malformations and Capillary Telangiectasia and Venous 
Angiomas; Each type has distinct structural and clinical features, which determine the risk of 
bleeding and other neurological symptoms. 

1. Arteriovenous (AV) Malformations 

An AV malformation (AVM) is the most common and most dangerous type of vascular 
malformation, It consists of a tangled network of arteries and veins without a normal 
capillary bed, This results in high-pressure, abnormal blood flow, which increases the risk of 
rupture and hemorrhage. 

Features of AVMs are: More common in males than females and Typically present between 
10–30 years of age. 

Symptoms: Seizures (due to abnormal electrical activity caused by the vascular lesion) and 
Intracranial hemorrhage (due to rupture of fragile vessels) and Headaches, focal neurological 
deficits (if the AVM compresses nearby brain structures). 

Morphology of AVMs:  disorganized network of arteries and veins without an intervening 
capillary bed and Enlarged arteries with thickened walls due to high-pressure flow and 
Abnormal, dilated veins that drain the arterial blood directly, Tendency to rupture, leading to 
subarachnoid or intracerebral hemorrhage. 

2. Cavernous Malformations 

 is a cluster of enlarged, thin-walled vascular channels (caverns) filled with slow-moving 
blood; Unlike AVMs, they lack normal smooth muscle and do not have high-pressure arterial 
blood flow, These lesions have low hemorrhagic risk compared to AVMs, but can still cause 
seizures and microbleeds. 

Features of Cavernous Malformations are: Can occur anywhere in the brain (often in the 
cerebral hemispheres) and Do not have a high-pressure arterial supply (so they bleed less 
frequently than AVMs) also Can cause epilepsy, headaches, and small hemorrhages over time; 
Typically asymptomatic but may be detected incidentally on MRI. 



Morphology of Cavernous Malformations:  Closely packed, dilated blood-filled spaces and 
Thin fibrous walls without intervening brain tissue and No high-flow arteries or veins (unlike 
AVMs) also Best visualized using MRI (shows a “popcorn-like” appearance with a mixed 
signal core due to previous bleeding). 

3. Capillary Telangiectasia 

benign vascular malformation consisting of dilated capillaries interspersed with normal brain 
tissue; Usually asymptomatic and found incidentally on MRI and Most commonly located in 
the pons. 

Features of Capillary Telangiectasia: Low risk of bleeding (unlike AVMs and cavernous 
malformations) and Usually asymptomatic and found incidentally also No treatment required 
unless symptomatic. 

Morphology of Capillary Telangiectasia: Clusters of dilated capillaries with normal brain 
tissue in between and No hemorrhagic risk unless associated with other vascular anomalies. 

4. Venous Angioma (Developmental Venous Anomaly – DVA) 

congenital abnormality of venous drainage where veins form an enlarged, radially oriented 
pattern, It is the most common vascular malformation, but it is usually asymptomatic; Does 
not typically bleed, but in rare cases, it can be associated with cavernous malformations that 
increase hemorrhage risk. 

Features of Venous Angiomas: Usually found incidentally on imaging and Very low risk of 
bleeding also No treatment required unless symptomatic. 

Morphology of Venous Angiomas: Abnormally dilated veins that drain normal brain tissue 
and Classic “caput medusae” (Medusa’s head) appearance on MRI with contrast, Unlike 
AVMs venous angiomas do not have high-pressure arterial input. 

Comparing the Four Vascular Malformations 

Diagnosis of Vascular Malformations: 

Feature AV Malformation (AVM) Cavernous 
Malformation

Capillary 
Telangiectasia

Venous Angioma

Risk of 
Hemorrhage

High (rupture risk) Moderate 
(microbleeds)

Very low Very low

Symptoms Seizures, hemorrhage, 
neurological deficits

Seizures, mild 
hemorrhages

Usually 
asymptomatic

Usually 
asymptomatic

Flow 
Characteristi
cs

High-flow (arterial & 
venous mix)

Low-flow Very low-flow Low-flow

Treatment 
Needed?

Yes (if symptomatic) Yes (if 
symptomatic)

No No
Imaging 
Findings

Tangle of arteries & veins “Popcorn-like” 
on MRI

Small capillary 
clusters

“Caput medusae” 
pattern on MRI



1. Imaging Studies: CT Angiography (CTA) or Digital Subtraction Angiography (DSA) → 
Best for detecting AVMs and MRI (especially with contrast) → Best for identifying cavernous 
malformations, capillary telangiectasia, and venous Angiomas also Susceptibility-weighted 
imaging (SWI) on MRI → Useful for detecting small hemorrhages. 

2. Clinical Presentation: AVMs often present with seizures or hemorrhage and Cavernous 
malformations present with epilepsy or headaches also Capillary telangiectasia and venous 
angiomas are usually asymptomatic and found incidentally. 

Treatment Options: 

1. AV Malformation (AVM) Treatment: Endovascular embolization Injection of materials 
(glue or coils) to block abnormal vessels or Surgical removal If accessible and symptomatic or 
Stereotactic radiosurgery (Gamma Knife) Used for small AVMs in deep locations. 

2. Cavernous Malformation Treatment: Surgical resection if causing seizures or repeated 
hemorrhages and Observation if asymptomatic. 

3. Capillary Telangiectasia & Venous Angioma: No treatment needed unless complications 
arise. 

Traumatic injuries to the central nervous system (CNS) can lead to significant morbidity or 
mortality, depending on the extent of trauma and the specific brain or spinal cord regions 
affected. These injuries can be classified based on their mechanism, severity, and anatomical 
location. 

1. Types of CNS Trauma: 

A. Traumatic Brain Injury (TBI): occurs when an external force damages the brain, leading 
to a range of neurological impairments. It can be classified into: Closed (Blunt) Head Injury – 
No skull fracture; the brain is injured due to rapid movement inside the skull ( concussions, 
contusions) and Penetrating Head Injury – An object pierces the skull and directly damages 
brain tissue ( gunshot wounds); Types of Brain Trauma are: 

Concussion: A mild TBI caused by sudden acceleration/deceleration of the brain; Symptoms: 
Temporary loss of consciousness, headache, confusion, dizziness, memory problems; No 
structural damage seen on imaging, but functional impairment occurs. 

Cerebral Contusion: A bruise on the brain due to trauma, leading to localized bleeding; Often 
affects frontal and temporal lobes due to impact against the skull, Can result in swelling, 
neurological deficits, or seizures. 

Diffuse Axonal Injury (DAI): Caused by rapid acceleration and deceleration forces (car 
accidents), Leads to widespread damage to axons in the white matter, disrupting 
communication between neurons and Often results in coma or severe cognitive impairment. 

Epidural Hematoma (EDH): Bleeding between the dura mater and skull, typically due to 
middle meningeal artery rupture (from temporal bone fracture); Classic presentation: Brief 



loss of consciousness → lucid interval → rapid deterioration due to brain compression; 
Requires emergency surgical evacuation. 

Subdural Hematoma (SDH): Bleeding between the dura mater and arachnoid mater, usually 
due to tearing of bridging veins, More common in elderly patients and alcoholics (due to brain 
atrophy and fragile veins), Can be acute (rapid deterioration) or chronic (gradual 
neurological decline over weeks/months). 

Subarachnoid Hemorrhage (SAH): Bleeding into the subarachnoid space (where 
cerebrospinal fluid circulates), Can occur due to trauma or ruptured aneurysms; Symptoms: 
Sudden severe headache (thunderclap headache), nausea, vomiting, loss of consciousness. 

Brainstem Trauma: Injury to the midbrain, pons, or medulla can be fatal due to disruption of 
vital functions (breathing, heart rate control); Decerebrate posturing (rigid extension of 
limbs) suggests severe brainstem damage. 

B. Spinal Cord Trauma: Spinal cord injuries (SCI) can lead to permanent disability, 
depending on the level and severity of damage; Classification by Severity: Complete SCI → 
Total loss of motor and sensory function below the injury level and Incomplete SCI → Some 
function remains, with varying degrees of paralysis and sensation loss; Common Spinal Cord 
Injury Syndromes: 

Quadriplegia (Tetraplegia) → Injury at C1–C8 leads to paralysis of all four limbs and 
Paraplegia → Injury below T1 affects the lower limbs only and Spinal Shock → Temporary 
loss of all reflexes, motor, and sensory function below the injury level and Brown-Séquard 
Syndrome → Hemisection of the spinal cord causes ipsilateral motor loss and contralateral 
pain/temperature loss also Cauda Equina Syndrome → Compression of lumbar and sacral 
nerve roots, leading to bowel/bladder dysfunction and leg weakness (surgical emergency). 

2. CNS trauma can cause primary and secondary damage: Primary Injury → Immediate 
structural damage (e.g., skull fractures, bleeding, contusions) while Secondary Injury → 
Progressive damage due to inflammation, ischemia, excitotoxicity, and increased intracranial 
pressure (ICP). 

Mechanisms of Secondary Injury: Hypoxia & Ischemia → Reduced oxygen supply to brain/
spinal cord or Cytotoxic Edema → Swelling of neurons and glial cells or Excitotoxicity → 
Excessive glutamate release leads to neuronal death or Oxidative Stress → Free radicals cause 
further cell damage. 

3. Signs of Traumatic Brain Injury: Loss of consciousness (LOC) and Confusion, memory loss 
(retrograde/anterograde amnesia), Headache, dizziness, vomiting, Seizures (especially in 
severe TBIs), Pupil abnormalities (suggest brainstem involvement) and Posturing (decorticate 
or decerebrate) → Indicates severe brain injury while Signs of Spinal Cord Injury: Loss of 
movement (paralysis), Loss of sensation below injury level, Bowel/bladder dysfunction, 
Abnormal reflexes (hyperreflexia, Babinski sign). 

4. Diagnosis of CNS Trauma 



Neuroimaging: CT scan (best for detecting acute hemorrhages and fractures) or MRI (best for 
assessing soft tissue damage, DAI, and spinal cord injuries) or X-ray (useful for spinal 
fractures). 

Neurological Assessment: Glasgow Coma Scale (GCS) → Measures severity of brain injury, 
Mild TBI = GCS 13–15, Moderate TBI = GCS 9–12, Severe TBI = GCS ≤ 8 (coma risk). 

Spinal Cord Injury Scales: ASIA (American Spinal Injury Association) Scale → Evaluates 
motor and sensory function. 

5. Treatment of CNS Trauma 

Acute Management: Airway, Breathing, Circulation (ABC stabilization); Prevent hypoxia and 
hypotension (to reduce secondary brain injury); Control intracranial pressure (ICP) (elevate 
head, hyperventilation, mannitol) and Surgical intervention (for hematoma evacuation, 
decompression, fracture stabilization). 

Specific Treatments: Epidural/Subdural Hematoma → Emergency surgical drainage; Spinal 
Cord Injury → High-dose steroids (controversial), surgical decompression if needed; Brain 
Contusions/DAI → Supportive care, seizure prevention and Subarachnoid Hemorrhage → 
Blood pressure control, aneurysm coiling/clipping if needed. 

Long-Term Rehabilitation: Physical therapy (to regain motor function);  Speech therapy (if 
communication is affected) and Psychological support (for cognitive and emotional recovery). 

Let's re-explain some topics in detail. 

Head injury can range from mild to severe and can have devastating consequences. The brain, 
enclosed within the rigid skull, is vulnerable to both direct and indirect trauma, which can 
lead to neurological impairments, disability, or even death. Understanding the types, 
mechanisms, and consequences of head injuries is crucial for diagnosis, management, and 
prevention. 

1. Classification of Head Injury- Head injuries can be classified based on mechanism, extent, 
and severity: 

A. Based on Mechanism: 

1. Blunt (Closed) Head Injury: No penetration of the skull, Caused by falls, vehicle accidents, 
sports injuries, Can still cause severe brain damage without visible external injuries. 

2. Penetrating (Open) Head Injury: An object pierces the skull and damages brain tissue 
directly ( gunshot wounds, stabbing); Higher risk of infection, hemorrhage, and severe 
neurological damage. 

B. Based on Skull Involvement: 

1. Open Head Injury → Skull fracture with exposure of brain tissue. 



2. Closed Head Injury → Skull remains intact, but brain injury still occurs. 

C. Based on Severity: 

Mild Head Injury → Brief loss of consciousness, headache, dizziness (e.g., concussion). 

Moderate Head Injury → Longer loss of consciousness, confusion, neurological deficits. 

Severe Head Injury → Coma, severe disability, or death. 

2. Traumatic Parenchymal Injury (Brain Tissue Injury)-When an object impacts the head, 
brain injury can occur in two ways: 

1. Coup Injury → Brain damage at the site of impact. 

2. Contrecoup Injury → Brain damage on the opposite side due to rebound movement inside 
the skull. 

3. Both types of injuries lead to contusions (bruising of the brain tissue). 

Note:Repeated head trauma (in boxers, football players) can lead to chronic traumatic 
encephalopathy (CTE), a progressive neurodegenerative disease similar to Alzheimer’s 
disease. 

3. Types of Brain Injury 

A. Concussions: temporary and reversible alteration in brain function following a head injury 
without structural brain damage; Symptoms: Loss of consciousness (brief), Temporary 
respiratory arrest, Loss of reflexes and Memory loss (amnesia) of the traumatic event; the 
Pathogenesis: Exact mechanism unknown, but involves neuronal dysfunction rather than 
structural damage; the Recovery: Usually complete, but repetitive concussions can lead to 
long-term cognitive decline. 

B. Contusions (Brain Bruising): Cause Rapid tissue displacement, disruption of small blood 
vessels, leading to hemorrhage and swelling (edema); the Common Locations: Frontal lobes 
(orbitofrontal region) → Personality, decision-making affected and Temporal lobes → 
Memory and language impairment; the Morphology: Wedge-shaped lesion with the widest 
part near the impact site and Edema and red blood cell (RBC) extravasation also Superficial 
cortex affected more than deep structures (unlike ischemic injury). 

C. Lacerations (Severe Brain Tears): Penetrating injuries (bullets, sharp objects) cause skull 
fractures and brain lacerations; the Characteristics: Tissue tearing, severe hemorrhage and 
Old injuries appear as yellow-brown retracted scars (plaque jaune) on gyri and Larger 
lacerations may form cavities similar to old infarcts. 

D. Diffuse Axonal Injury (DAI): Widespread injury to axons (nerve fibers) due to severe brain 
trauma; the Mechanism: Rapid acceleration and deceleration cause different brain regions to 
move at different speeds, stretching and damaging axons; the Microscopic Appearance: 
Axonal swellings (best seen on special stains); the Clinical Impact: Major cause of coma and 
severe neurological disability in TBI patients and Can result in persistent vegetative state. 



4. Traumatic Vascular Injuries:  

A. Epidural Hematoma (EDH): Cause Skull fracture tears a dural 
artery (most commonly the middle meningeal artery); the 
Pathophysiology: Arterial bleeding → Blood accumulates rapidly 
between the dura mater and skull, Forms a biconvex (lens-shaped) 
hematoma on CT scan; the Classic Presentation: Initial loss of 
consciousness → lucid interval → rapid neurological deterioration 
and Can lead to brain herniation and death if untreated; the 
Treatment: Emergency surgical evacuation. 

B. Subdural Hematoma (SDH): Cause Trauma tears bridging 
veins between the brain and dura; the Pathophysiology: Venous 
bleeding → Blood collects between the dura mater and arachnoid 
mater, Forms a crescent-shaped hematoma on CT scan; the Risk 
Factors: Elderly patients (brain atrophy → more tension on veins) 
and Alcoholics (weaker veins); the Types: Acute SDH Rapid onset, 
associated with severe head trauma and Chronic SDH Slowly 
enlarges over weeks to months, leading to progressive headaches, confusion, and weakness; 
the Treatment: Surgical drainage for large hematomas. 

C. Subarachnoid Hemorrhage (SAH): Cause Bleeding into the subarachnoid space, where 
cerebrospinal fluid (CSF) circulates; the Common Causes: Traum and Ruptured aneurysms 
(berry aneurysm); the Symptoms: Thunderclap headache (worst headache of life), Nausea, 
vomiting, loss of consciousness and Meningeal irritation (neck stiffness, photophobia); the 
Diagnosis: CT scan (detects acute bleeding) or Lumbar puncture (if CT is negative but 
suspicion is high) → Shows xanthochromia (yellow CSF due to blood breakdown products); 
the Complications: Vasospasm (leads to delayed ischemic stroke) and Hydrocephalus (excess 
CSF accumulation). 

5. Management of Head Injuries 

Initial Approach (Emergency Management):  

Airway, Breathing, Circulation (ABC stabilization) and Prevent hypoxia and hypotension (to 
reduce secondary brain injury). 

Monitor intracranial pressure (ICP): Elevate head, osmotic therapy (mannitol), 
hyperventilation. 

Surgical intervention for severe cases: Hematoma evacuation (EDH, SDH), Decompression for 
skull fractures or brain swelling. 

Long-Term Management: Physical therapy (for motor recovery), Cognitive rehabilitation (for 
memory and executive function recovery) and Seizure prevention (for post-traumatic 
epilepsy). 

I really apologize for the bad habit of re-explaining the topics, but my goal is good. 



Case 1: Sudden Death Due to Intracranial Hemorrhage 

Mr. H, a 65-year-old male, was enjoying a vacation in Hawaii with his wife to celebrate their 
30th wedding anniversary. While having dinner, he suddenly complained of a severe headache 
but continued eating. A few minutes later, he collapsed and, unfortunately, died, At the 
hospital, his death was confirmed. His wife reported that he had a history of hypertension and 
diabetes. An autopsy revealed intracranial hemorrhage as the cause of death. 

1. Cause of Death: Intracranial Hemorrhage 

The immediate cause of death in this case is intracranial hemorrhage, which refers to bleeding 
within the skull, This type of hemorrhage increases intracranial pressure (ICP), compressing 
vital brain structures, leading to brain herniation and ultimately cardiorespiratory failure. 

2. Underlying Cause: Hypertension 

The most likely underlying cause of the hemorrhage is hypertension (high blood pressure), 
Hypertension leads to hyaline arteriolosclerosis, a process where small arteries and arterioles 
develop thickened walls with narrowed lumens, making them fragile; Over time, these fragile 
vessels can rupture, leading to a primary brain parenchymal hemorrhage. 

3. Why Does Hypertension Cause Brain Hemorrhage? 

Chronic hypertension weakens blood vessels by causing: Hyaline arteriolosclerosis, which 
makes small arteries more prone to rupture, Formation of Charcot-Bouchard 
microaneurysms in small penetrating arteries, which can burst, The most commonly affected 
areas include the basal ganglia, thalamus, pons, and cerebellum. 

4. Key Symptoms Suggesting a Ruptured Intracranial Vessel: Sudden severe headache (often 
described as the worst headache of my life) and Rapid loss of consciousness due to brain 
swelling and increased pressure and Possible neurological deficits if the patient had survived 
longer. 

5. What Likely Happened to Mr. H? He had a ruptured small penetrating artery, causing a 
large intracerebral hemorrhage, The hemorrhage led to rapid neurological deterioration, 
likely causing brainstem compression, leading to cardiorespiratory failure and death within 
minutes. 

# The primary cause of death was intracranial hemorrhage, with hypertension being the 
major underlying risk factor. This case highlights the importance of blood pressure control, 
especially in elderly individuals, to prevent catastrophic brain hemorrhages. 

Case 2: Intracranial Hemorrhage in an HIV Patient 

A 32-year-old male, known to have HIV infection, developed neurological symptoms. Upon 
investigation, he was found to have an intracerebral hemorrhage. 

1. Cause of Hemorrhage in an HIV Patient 

In patients with HIV/AIDS, intracerebral hemorrhage can occur due to several factors, 
including: 



 Opportunistic Infections Causing Vasculitis: HIV patients are immunocompromised, making 
them susceptible to infectious arteritis (inflammation of blood vessels due to infections). 

Common infections linked to vasculitis and hemorrhage in HIV include: Cytomegalovirus 
(CMV), Herpes simplex virus (HSV) and Aspergillosis; These infections cause weakening and 
inflammation of vessel walls, increasing the risk of rupture. 

HIV-Associated Vasculopathy: HIV itself can cause chronic inflammation and endothelial 
dysfunction, leading to fragile blood vessels prone to rupture. 

Coagulopathy (Blood Clotting Abnormalities): HIV/AIDS can lead to thrombocytopenia (low 
platelets) and other clotting disorders, making patients prone to spontaneous bleeding. 

Drug-Related Causes: HIV patients often take antiretroviral therapy (ART) and other 
medications that may interact with anticoagulants or blood-thinning drugs, increasing the 
risk of hemorrhage. 

2. Mechanism of Intracerebral Hemorrhage in This Case: In this patient, the most likely cause 
of hemorrhage is infectious arteritis leading to vessel rupture, The presence of opportunistic 
infections like CMV or Aspergillus may have caused vasculitis, weakening the vessel walls and 
leading to spontaneous hemorrhage and Another possibility is HIV-associated vasculopathy, 
which causes structural damage to blood vessels, making them prone to rupture. 

3. Possible Locations of Hemorrhage in HIV Patients: Lobar Hemorrhage-Seen in cerebral 
amyloid angiopathy (rare in young patients but possible) or Basal Ganglia & Deep Structures-
Due to hypertensive effects or infectious vasculitis or Brainstem or Cerebellum-Can occur in 
severe cases, leading to rapid deterioration. 

# The intracerebral hemorrhage in this HIV patient was most likely caused by infectious 
arteritis due to opportunistic infections, leading to vascular inflammation, weakening, and 
rupture. In some cases, HIV-associated vasculopathy or coagulation abnormalities can also 
contribute. This case emphasizes the importance of infection control and vascular health 
monitoring in HIV-positive patients to reduce the risk of fatal hemorrhages. 

In neurology, every millimeter 
matters. A sudden headache? Think 

hemorrhage. A minor trauma? 
Consider diffuse axonal injury. 

Small vessel disease today? 
Potential stroke tomorrow. Master 
pathology—understand before you 

treat. 


