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Hemorrhagic 
Stroke

Intracerebral 
Hemorrhage

Subarachnoid 
Hemorrhage



Incidence of Intracerebral Hemorrhage

• 10% of all strokes
• Disparity

– 1.6 fold greater incidence in blacks/Mexican 
Americans than whites

– Substantially higher incidence in low to middle 
incomes

– Advanced age
• Public health threat

– High mortality
– High resource utilization



Intracerebral Hemorrhage (ICH)

• Pathogenesis: Small vessel disease
– Arteriolosclerosis

• Deep structures
– Cerebral amyloid angiopathy

• Lobar
• Deposition of B amyloid peptide in the walls of 

arterioles & capillaries in the leptomeninges, cerebellar 
hemispheres, and  cortex

• Boston criteria 
– Multiple lobar hemorrhages
– Subpial siderosis
– Multiple microbleeds



ICH Signs & Symptoms

• Headache
• Loss of consciousness
• Nausea/Vomiting
• Dizziness
• Focal findings depending on location of 

hemorrhage
– Speech difficulties
– Hemiparesis/hemiplegia

• Pupil changes



Sites of Spontaneous ICH

Lobar 
Subcortical 
Hemorrhage 
(24%)

Putaminal 
Hemorrhage 
(34%)

Thalamic 
Hemorrhage 
(20%)

Cerebellar 
Hemorrhage 
(7%)

Pontine 
Hemorrhage
(6%)

A=cortical branches of anterior, middle, or posterior cerebral 
arteries; B=basal ganglia from middle cerebral artery; C=thalamus; 
D=pons; E=cerebellum.



Risk Factors for Hemorrhagic Stroke

• Smoking
• Hypertension
• Illicit drug use

– Sympathomimetics
– Injectables





ABCDs of Emergency Care
• A   Airway

– Establish airway for GCS < 9
• B   Breathing

– Ensure adequate respiratory rate and tidal volume
– Monitor ETCO2 (Goal 35-40)
– Maintain oxygen saturations > 94%

• C  Circulation
– Monitor cardiac function (HR & BP)
– Maintain SBP 130-150 mm Hg whenever possible

• D  Disability
– Identify neurologic function
– Specify apparent deficits



ICH Severity Score

• Glasgow Coma Score
– 3 or 4
– 5 to 12
– 13 to 15

• Age
– >80 yoa

• Location of hemorrhage
• Volume of hemorrhage
• Intraventricular 

Hemorrhage



ICH Guidelines- Takeaway Points
• Organized/specialized system of care
• Minimize hematoma expansion using biomarkers and imaging 

signs
• Identify markers of macro and microvascular hemorrhage 

pathogenesis
• Blood pressure regimens that limit variability limit clot expansion 

& improve outcomes
• Early reversal of anticoagulation using the most effective product 

is critical
• Many traditional therapies confer no benefit and may produce 

harm
• Minimally invasive clot evacuation decreases mortality but to 

date has no impact on functional outcome
• Limitation of life-sustaining measures is complex and should be 

limited in the first 48 hours



Specific ICH Goals

• Imaging
• Blood pressure management
• Anticoagulation management
• Anti-platelet reversal
• Mechanical ventilation
• General medical management
• Dysphagia care



Blood Pressure

• Avoid fluctuations in 
blood pressure

• Benefit enhanced 
when blood pressure 
controlled EARLY 
after ICH

• CPP < 60 associated 
with increased 
mortality





Anticoagulation Reversal



Anti-platelet Reversal

• Platelets 
only for 
surgery or 
EVD



VTE Prevention & Treatment

Risk of DVT is 4X higher in ICH than AIS



Glucose Management



Temperature Management

• Fever associated with 
worse outcomes

• Normothermia is standard 
of care

• Therapeutic hypothermia 
may be helpful in select 
cases



Anti-epileptic Medications



Neuromonitoring and ICP Management



Surgical Intervention for ICH

• Minimally invasive surgery (MIS)
• Clot evacuation

– Supratentorial
– Infratentorial

• Craniectomy



Goals of Care



Rehabilitation & Recovery



Neurobehavioral Management

• Anti-depressants
• Anti-anxiety treatment
• Neurostimulants

– Amantadine
– Methylphenidate
– Modafinil

• Mood stabilizers
– Valproic acid

• Treatment of agitation
– Propranolol
– Valproic acid



Subarachnoid Hemorrhage



Brain Aneurysm Statistics

Estimated 6 million people in US have a brain aneurysm
Annual rupture rate ~ 10 per 100,000
Most prevalent in ages 35-60
Mean age at rupture is 50

Morbidity and mortality associated with rupture
15-20% die before reaching hospital
500,000 worldwide deaths annually
Over 50% of survivors have disability

Brain 
Aneurysm 
Foundation



Recovery from aSAH

Acute (Day 0-14) Subacute 
(Day 15-30)

Chronic 
(Days 31+)

• Acute heart 
failure

• Neurogenic 
pulmonary 
edema

• Rebleeding
• Hydrocephal

us
• Death

• Hydrocephalu
s

• Delayed 
Cerebral 
Ischemia

• Hyponatremia
• Dysphagia
• Immobility

• Hydrocephal
us

• Headache
• Rehabilitation
• Headaches
• Fatigue 
• Cognitive 

dysfunction
• Psychological 

distress





Morbidity and Mortality

Mortality
Prehospital deaths 10-15%
Week1 40%
6 month 50%
Mortality increases with age and premorbid 

health conditions
Morbidity
30-40% survivors have major neurologic 

deficits



Common Aneurysm Locations



Risk Factors for Aneurysm Development

Smoking
Hypertension
 Illicit drug use
Sympathomimetics
Injectables

Excessive alcohol use
High dose estrogen oral contraceptives ???
Studies show association with SAH
Unknown relationship with aneurysm development

(Modifiable)



Risk Factors for Aneurysm Development
(Non-modifiable)

• Age > 40
• Gender

– Female: Male  3:2
• Congenital abnormality of artery walls
• Trauma/infection
• Other medical conditions

– Polycystic kidney disease
– Ehler’s-Danlos Syndrome (Type IV)
– Fibromuscular dysplasia
– Marfan’s Syndrome

• Family history



Typical Presentation 

• Headache
– Sudden onset of severe headache
– “Worst headache of my  life”

– Sentinel headache(30-50%)
• Few hours to months prior
• ? Minor blood leakage
• Inflammatory response or change in vessel wall

• Seizures
• Nausea & vomiting
• Coma





Diagnostics
CT angiography
Sensitivity and specificity approaching that of 

conventional angiography
Angiography
Invasive testing to evaluate vascular anatomy
Negative in 10-20% of SAH cases

Electrocardiogram
Increased catecholamine release lead to myocardial 

ischemia
∞ Increased QT intervals, non-specific ST changes, U waves

Echocardiogram
High risk for acute heart failure





Presentation

Meningeal signs
Neck stiffness
Photophobia

Loss of consciousness
Cranial nerve deficits
Oculomotor nerve palsy

∞Dilated pupil
Optic nerve palsy

∞Monocular vision loss from opthalmic artery 
aneurysm



Presentation
Motor deficits
MCA aneurysms

Opthalmologic signs
Papilledema
Retinal hemorrhage

Vital signs
Labile BP
Fever
Tachycardia

No localizing signs



Hunt/Hess Grading System

Grade  I Asymptomatic or minimal H/A with 
slight nuchal rigidity

Grade II Mod to severe H/A, CN III palsy but 
no other neuro deficits

Grade III Drowsiness, confusion or mild focal 
deficits

Grade IV Stupor, mod to severe hemiparesis
Grade V  Deep coma, moribund appearance



World Federation Neurosurgeons Scale 
(WFNS)

WFNS Grade Glasgow Coma Score
1 15, No focal deficit
2 13-14, no focal deficit
3 13-14 with focal deficit
4 7-12  +/- focal deficit
5 < 7  +/- focal deficit



Fischer Grade

• Based on CT scan findings
– Grade 1 – no hemorrhage
– Grade 2- SAH less than 1 mm thick
– Grade 3- SAH greater than 1 mm thick
– Grade 4- SAH  with IVH or parenchymal 

hemorrhage
• Predicts vasospasm



Initial Management

Evaluate for hydrocephalus
Ventriculostomy

Establish method for securing aneurysm
Surgical
Endovascular
No treatment

Goal is to secure aneurysm within 24-48 
hours
Prevents rebleeding



Endovascular Treatment



Endovascular Treatment
Coiling

Platinum coils packed 
into aneurysm
Technical factors
Location of aneurysm
Size of neck
Surrounding anatomy

Requires periodic 
follow-up angiography
Coils MRI compatible





Endovascular Treatment
Stent/Flow Diversion

• Diverts blood flow down vessel and away 
from aneurysm

• Requires dual antiplatelet therapy
– Needs to be loaded prior to procedure
– Increased bleeding risk with ruptured 

aneurysms
• Full “cure” of aneurysm may take 6-12 

months



Endovascular Flow Diversion



Endovascular Nursing Care 

• Groin checks
– Bleeding or hematoma

• Hold pressure and have someone else call 
provider

• Vital signs
• Pedal pulses/cap refill
• Bedrest 2-6 hours depending on success 

of closure device



Surgical Intervention







Crani Nursing Care

• Elevate HOB
• Ice to eye prn for swelling
• Empty & record drain outputs
• Frequent neuro checks



ICU Management

• Meticulous neuro exams
– Subtle changes indicative of vasospasm

• Control of vital signs
– Allow mild permissive hypertension once secure

• Strict I/Os – maintain euvolemia
• Serum glucose monitoring

– Keep 80-180mg/dl
• Temperature control
• ICP control if needed



ICU Management

Seizure prevention
Prophylaxis is controversial
7 day prophylactic course, esp if crani done
Ongoing treatment of known seizures

Venous thromboembolism prophylaxis
Mechanical device on admission
Chemoprophylaxis asap

GI Prophylaxis



Prevention- Nimodipine

• Cerebral specific calcium channel blocker
– Can lower blood pressure in sensitive people

• Only indication is aSAH
– Neuroprotective effects
– Direct smooth muscle relaxer

• Shown to improve radiologic appearance 
of vasospasm & improve clinical outcomes



SAH  Complications
Rebleeding
Vasospasm
Hydrocephalus
Hyponatremia



REBLEED

Of 18,000 who survive initial rupture; 3000 will 
either die or be disabled from rebleeding
Incidence as high as 30%;
Peaks the day after SAH
Highest in 1st 2 weeks

Approximately 70% of those who rebleed will 
die
Signs/Symptoms
Sudden severe headache, severe nausea & 

vomiting, decrease in LOC, new neuro deficits
Confirmed by CT, sudden spike in ICP, new blood in 

EVD



VASOSPASM

• Definition: abnormal narrowing of the cerebral 
arteries near or distant to SAH

• Causes delayed ischemic neuro deficit
• Stats:

– 10% who survive initial bleed will die from vasospasm
– 30% of patients develop vasospasm”



Vasospasm

• Vasoconstriction or narrowing of the 
cerebral vessels
– Typically related to aSAH



Complications of Vasospasm

• Delayed cerebral ischemia (DCI)
– Reversible
– Stroke

• Increased morbidity
• Increased mortality



Timing of Vasospasm

• Risk peaks days 3-7
• Plateaus until day 14
• Remains at risk for 21 days following 

aSAH
• Higher risk in illicit drug users

– Methamphetamine
– Cocaine



Monitoring for Vasospasm

• Transcranial Doppler
– Noninvasive
– Uses ultrasound to monitor blood flow velocities 

through the circle of willis
– Not all patients have “windows”
– Performed daily

• CT Angiography
– Requires dye load

• Limits utility
– Useful if unable to get TCD windows





CT Perfusion



Triple H Therapy

Not used prophylactically
Treatment of symptomatic vasospasm 
Triple H therapy
Hypertension
Hypervolemia
Hemodilution



Intra-arterial Vasodilators



Hydrocephalus
• Communicating

– Problem with absorption of CSF; blood in CSF plugs 
the arachnoid villi

• Diagnosed by CT – dilated ventricles
• Severity related to size of bleed
• Three types:

– Acute
– Subacute
– Delayed



Hyponatremia

SIADH vs. Cerebral Salt Wasting (CSW)
SIADH

∞Plasma volume is increased
∞Serum osmo is decreased

CSW
∞Plasma volume decreased
∞Serum osmolality increased or normal
∞Dehydration is present



Different Treatments
SIADH
Restricting free water and slowly replacing 

sodium with saline or hypertonic saline
Allow high Na beverages (soda, gatorade)
Fludricortisone

CSW
Fluid replacement
Sodium repletion

∞Hypertonic saline
∞Sodium chloride tabs



QUALITY METRICS

• Dysphagia screening
– Did patient get food or meds prior to 

screening
• Severity scales within 6 hours
• Nursing endovascular care documentation

– Groin checks, vitals, pulses
• Nimodipine within 24 hours of admission



Summary

• High morbidity
• High resource utilization
• Outcomes best when care is provided at 

high volume center
• Interdisciplinary care is critical



Kim.meyer@uoflhealth.org

502-727-3896 (cell)
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