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Etiology/Pathophysiology
• Ischemic stroke (87%)

• Hemorrhagic stroke (13%)
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Etiology/Pathophysiology
Ischemic stroke
• In situ thrombosis of an intracranial vessel, typically affecting 
small penetrating arteries

• Hypoperfusion caused by flow-limiting stenosis of a major 
extracranial artery

• Occlusion of an intracranial vessel by an embolus arising from a 
distant site 

• Cardiogenic (atrial fibrillation…): ~ 25% of ischemic stroke cases

• Non-cardiogenic
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Etiology/Pathophysiology
Hemorrhagic stroke
• Subarachnoid hemorrhage (SAH)

• Blood enters the subarachnoid space

• Causes: trauma, rupture of intracerebral aneurysm…

• Intracerebral hemorrhage (ICH)

• Bleeding in the brain parenchyma itself (hematoma formation within the brain)

• Causes: Uncontrolled HTN (most common), antithrombotic therapy…
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Etiology/Pathophysiology 
Stroke vs TIA
• Stroke: an episode of neurologic dysfunction caused by focal cerebral infarction

• Transient ischemic attack (TIA): the syndrome of arterial ischemia with transient symptoms     
(< 24 hours) and without evidence of cerebral infarction
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Etiology/Pathophysiology 
Penumbra
• An ischemic tissue, surrounding a core area of the infarct, that may maintain membrane integrity

• Reversibly injured brain tissue

• Potentially salvageable with urgent pharmacologic and endovascular interventions
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Patient care process
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Patient care process
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• Glasgow Coma Scale
• Minor brain injury: 13 – 15 points

• Moderate brain injury: 9 – 12 points

• Severe brain injury: 3 – 8 points
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Patient care process

Diastolic blood pressure [DBP] Systolic blood pressure

[SBP]
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Patient care process
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Patient care process
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Desired outcomes of treatment
• Primary prevention of ischemic stroke:

• Aggressive management of modifiable, well-documented risk factors

• Falls under ‘Primary Prevention of ASCVD’

• Goals of treatment of acute stroke:

• Minimize the ongoing neurologic injury to reduce mortality and long-term disability

• Prevent complications secondary to immobility and neurologic dysfunction

• Prevent stroke recurrence (secondary prevention)
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General approach to treatment
• Presumed acute stroke
• Urgent CT scan to identify the stroke type 

• TIA vs. Ischemic stroke vs. Hemorrhagic stroke

• TIA: 
• Urgent evaluation and intervention to reduce the risk of stroke 

• Risk of stroke is highest in the first few days after TIA

• Acute ischemic stroke: 
• Hyperacute phase (first 24 hours after stroke event) vs. 

• Acute phase (first week after stroke event)

• Evaluate patients presenting within hours of symptom onset for pharmacologic and mechanical reperfusion therapy

• Intracerebral hemorrhage: 
• Evaluate patients for pharmacologic and mechanical interventions
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Blood pressure target
• Stroke (ischemic or hemorrhagic)  Decreased blood flow to brain  Decreased O2 delivery  Infarction

• To mitigate this, a compensatory increase in BP occurs to enhance blood flow and O2 delivery to the brain

• Permissive hypertension: Allowing blood pressure to remain high for the first 48 - 72 hours of stroke onset

• Different BP targets:
• Acute ischemic stroke in patients who are candidates for alteplase 

• Acute ischemic stroke in patients who are not candidates for alteplase (and have no specific comorbidities)

• Acute ischemic stroke in patients who are not candidates for alteplase (and have specific comorbidities)

• Acute ischemic stroke in patients who are not candidates for alteplase (and will undergo mechanical thrombectomy)

• Intracerebral hemorrhage
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PE, hypertensive encephalopathy

Very high BP + (fibrinolytic, or specific comorbidities, or mechanical intervention, or ICH/SAH)  Danger!

SAH due to aneurysm rupture, target SBP < 160 mm Hg STUDENTS-HUB.com
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Blood pressure treatment

• Fast- and short-acting antihypertensives are preferred (labetalol, nicardipine, clevidipine…)

• Although patients with acute ischemic stroke commonly present with elevated or normal BP, 
they may present with hypotension and hypovolemia 

• Correct to maintain systemic perfusion and end organ function
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Non-pharmacologic therapy
Ischemic stroke
• Lifestyle modification:
• Recommended for secondary stroke prevention 

• Diet modification (Mediterranean-type diet ‘whole grains, fruits, vegetables, seafood, beans, nuts’; 
reduce Na intake if HTN)

• Exercise (consider mobility issues)

• Smoking cessation/avoidance 

• Moderation of alcohol consumption (< 2 drinks/day for men; < 1 drink/day for women)

• Avoidance of stimulants (e.g. amphetamines, cocaine) 
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Non-pharmacologic therapy
Ischemic stroke
• Early rehabilitation:
• Recommended for all ischemic stroke patients to reduce disability

• Temperature management: 
• Fever worsens outcomes in ischemic (and hemorrhagic) stroke 

• Identify the source of fever and management 

• Maintain normothermia

• No evidence for induced hypothermia

• Endovascular and mechanical interventions:
• Recommended by AHA/ASA to re-perfuse ischemic brain tissue

• Mechanical thrombectomy

• Decompressive hemicraniectomy

• Carotid endarterectomy

• Carotid stenting
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Non-pharmacologic therapy
Ischemic stroke: Mechanical thrombectomy
• Indications:
• Anterior circulation arterial occlusion in the ICA or the M1 segment of the MCA within 6 hours of 

symptom onset (strong recommendation) 

• Anterior circulation arterial occlusion in the ICA or the M1 segment of the MCA within 24 hours of 
symptom onset if a penumbra is present (may be considered)

• Posterior circulation arterial occlusion? (case-by-case; less clear benefit)

ICA: Internal Carotid Artery
MCA: Middle Cerebral Artery 
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Non-pharmacologic therapy
Ischemic stroke: Decompressive hemicraniectomy
• Ischemic stroke  BBB disruption  increased capillary permeability  cerebral edema 
increased ICP  neurological complications

• Decompressive hemicraniectomy: Surgical removal of a piece of skull to reduce ICP

• Indications:
• Patients < 60 years with unilateral MCA infarcts and significant cerebral edema

• Can be considered in patients > 60 years (less clear benefit)

• Cerebellar infarction and significant swelling 

Cerebral 
edema
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Non-pharmacologic therapy
Ischemic stroke: Carotid endarterectomy 
• Indications:
• Secondary prevention of ischemic stroke in patients with 70% - 99% carotid artery stenosis
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Non-pharmacologic therapy
Ischemic stroke: Carotid stenting 
• Indications:
• Secondary prevention of ischemic stroke when combined with aspirin and clopidogrel (less invasive)
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Non-pharmacologic therapy
Hemorrhagic stroke

• Temperature management (as in ischemic stroke)

• Surgical clipping or Endovascular coiling indications: 
• To reduce re-bleeding risk in SAH

• Surgical hematoma evacuation (e.g. craniectomy) indications:
• Cerebellar ICH + (neurologic deterioration, brainstem compression, &/or hydrocephalus from ventricular obstruction)  

• Cerebral ICH (less clear benefit)

• Extra-ventricular drainage: 
• Hydrocephalus causing decreased consciousness Hydrocephalus: Excess 

CSF in brain ventricles
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Pharmacologic therapy
Ischemic stroke
• Stroke council of the American Stroke Association (ASA) guidelines 

• Class (strength) of recommendation: 

• Class I: strong

• Class IIa: moderate

• Class IIb: weak

• Class III: no benefit 

• Class 3: harm 

• Level (quality) of evidence:

• A: high-quality evidence from RCTs, or MA of RCTs

• B-R (randomized): moderate-quality evidence from RCTs, or MA of RCTs

• B-NR (non-randomized): moderate-quality evidence from non-
randomized trials, observational studies, or MA of such studies

• C-LD (limited data): randomized or nonrandomized observational 
studies with limitations of study design, or MA of such studies

• C-EO (expert opinion): consensus based on clinical experience
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Pharmacologic therapy
Ischemic stroke: Acute treatment
• The only two pharmacologic agents with ‘Class I’ recommendations:

• Alteplase initiated within 3 to 4.5 hours of stroke onset

• Aspirin LD started within 24 to 48 hours of stroke onset 
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Pharmacologic therapy
Ischemic stroke: Acute treatment (Alteplase)
• Early pharmacologic reperfusion with IV alteplase: 
• Mainstay of acute pharmacologic treatment

• Improves the functional ability after ischemic stroke

• Within 3 - 4.5 hours of symptom onset

• Prioritize early administration; possibly diminished alteplase benefit in severe stroke

• MOA:
• Alteplase = recombinant tissue plasminogen activator (rt-PA)

• Fibrinolytic

• Binds fibrin + Facilitates conversion of plasminogen to plasmin 

Degradation of fibrin clots

• PK/PD:
• Short half-life (~ 4 minutes)
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Pharmacologic therapy
Ischemic stroke: Acute treatment (Alteplase)
• Alteplase use is associated with high bleeding risk (including ICH)

• Guideline-recommended protocol (for a positive outcome and minimal risk):
• Stroke team activation

• Brain imaging study (e.g. CT scan)

• Treatment as early as possible (within 4.5 hours of symptom onset)

• Meeting inclusion and exclusion criteria for alteplase use

• Administration of alteplase 0.9 mg/kg total dose (maximum 90 mg): 

• 10% as an IV bolus over 1 minute 

• 90% as an IV infusion over 1 hour

• Avoidance of antithrombotic therapy (anticoagulant or antiplatelet) for 24 hours after alteplase

• Close patient monitoring for BP, neurologic status, and hemorrhage

• Endovascular intervention (e.g. mechanical thrombectomy) is not a contraindication to alteplase

STUDENTS-HUB.com

https://students-hub.com


STUDENTS-HUB.com

https://students-hub.com


Pharmacologic therapy
Ischemic stroke: Acute treatment (Tenecteplase)
• A modified form of alteplase

• Tenecteplase vs Alteplase:
• Higher degree of fibrin specificity 

• Longer half-life

• Can be administered as a single, rapid IV bolus dose

• Off-label use for ischemic stroke (though FDA-approved for acute STEMI) 
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Pharmacologic therapy
Ischemic stroke: Acute treatment (Aspirin)
• Early aspirin therapy:
• Within 24 - 48 hours of symptom onset

• Should be given in the absence of ASA allergy or contraindications

• Reduces the long-term risk of death and disability

• For patients receiving alteplase:
• Withhold aspirin (and other antithrombotics) for 24 hours after alteplase administration to reduce 

hemorrhage risk

• Non-aspirin antiplatelets:
• Limited data in the acute phase of ischemic stroke (except some combination therapy regimens)

• Reasonable in patients having severe ASA allergy or contraindications
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Pharmacologic therapy
Ischemic stroke: Acute treatment (Aspirin)
• MOA:
• Antiplatelet

• Irreversible inhibition of platelet COX-1 

• Preventing the conversion of Arachidonic acid to TXA2 (vasoconstrictor, platelet aggregation)

• Dose-dependent pharmacologic effect:
• Minimum effective dose ~ 50 - 75 mg/day

• Low doses: ASA selectively inhibits COX-1

• High doses: ASA may also inhibit COX-2 

Arachidonic acid
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Pharmacologic therapy
Ischemic stroke: Acute treatment (Aspirin)
• PK/PD:
• Onset of antiplatelet effect < 60 minutes

• Platelets remain impaired for their life span after ASA exposure ‘5 - 7 days’ (anuclear; cannot synthesize new COX)

• Dose-dependent toxic effects:
• Upper limit of ASA dose: 300 mg - 325 mg

• Upper GI discomfort and bleeding (most common adverse effects of ASA)

• Major bleeding (increases with age)

• Aspirin resistance:
• High on-treatment platelet reactivity

• Higher doses (or BID dosing) are required to achieve antiplatelet effect

• Contributing factors: aging, diabetes, hyperlipidemia, smoking, CKD, drug-drug interactions (e.g. NSAIDs),    
genetic polymorphisms (influencing the activity of COX-1, COX-2, GP IIb/IIIa receptors, ADP receptors)

• ASA resistance Worse outcomes in stroke (still, routine testing is not recommended)
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Pharmacologic therapy
Ischemic stroke: Acute treatment (Anticoagulants)
• Anticoagulants are not routinely recommended in the early phase of acute ischemic stroke
• e.g. UFH, LMWH

• Limited clinical benefit

• Anticoagulants may be given for non-stroke indications (e.g. VTE prophylaxis/treatment)            
in patients with stroke 
• Benefit of anticoagulants vs. Risk of hemorrhagic conversion

• Acute ischemic stroke  Hemorrhagic stroke

• Immobile patients after stroke should receive:
• Pharmacologic VTE prophylaxis, or

• Mechanical VTE prophylaxis 

• e.g. Graduated compression stockings, Intermittent pneumatic compression devices
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Pharmacologic therapy
Ischemic stroke: Secondary prevention
• Oral antiplatelet therapy:
• Recommended in non-cardioembolic strokes

• Aspirin, extended-release dipyridamole plus low-dose aspirin, clopidogrel, ticagrelor

• Oral anticoagulation therapy:
• Recommended in cardioembolic strokes (atrial fibrillation) 

• Dabigatran, apixaban, edoxaban, rivaroxaban, warfarin

• Other recommended pharmacotherapy:
• Antilipemic/statin therapy

• Antihypertensive therapy

• Antidiabetic therapy
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Pharmacologic therapy
Ischemic stroke: Secondary prevention (Antiplatelets)
• All patients who had acute ischemic stroke or TIA should receive long-term antithrombotic therapy
• Non-cardioembolic stroke  Antiplatelets

• First-line antiplatelet: Aspirin 
• Has the most data supporting its use

• Patients already taking ASA at the time of non-cardioemoblic ischemic stroke or TIA  Increasing ASA dose 
is not more effective at preventing additional strokes

• Alternative first-line antiplatelets: 
• Clopidogrel

• Extended-release dipyridamole plus low-dose aspirin

• Off-label antiplatelet: Ticagrelor 
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Pharmacologic therapy
Ischemic stroke: Secondary prevention (Clopidogrel)
• MOA:
• P2Y12 (ADP) receptor antagonist    

(irreversible blockage) 

• Prevent activation of GP IIb/IIIa receptors 

• Inhibiting platelet aggregation

• PK/PD:
• Maximal antiplatelet effect is delayed for       

3 - 7 days

• Platelets remain impaired for their life span 
after Clopidogrel exposure (7 - 10 days) 

• ADRs:
• GI bleeding, diarrhea, rash
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Pharmacologic therapy
Ischemic stroke: Secondary prevention (Clopidogrel)
• Clopidogrel is a prodrug: 
• Requires activation by CYP2C19 enzyme

• Polymorphisms of the alleles encoding for CYP2C19

• Allele *17  Increased metabolism

• Allele *2, Allele *3  Decreased metabolism

• Poor metabolizers (two copies of *2 or *3, or one copy of each)  Diminished antiplatelet activity

• AHA/ASA guidelines do not suggest pharmacogenetic testing prior to using clopidogrel

• Drug-Drug interactions:
• CYP2C19 inhibitors  Diminished antiplatelet activity

• e.g. omeprazole, esomeprazole (avoid in patients taking clopidogrel)

• Opioids slow gastric emptying  Delay & decrease Clopidogrel absorption  Diminished antiplatelet activity
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Pharmacologic therapy
Ischemic stroke: Secondary prevention (ER-DP+ASA)
• MOA:
• PDE inhibitor (at high doses)  Increasing intracellular cAMP and cGMP  Inhibiting platelet activation/aggregation

• Dipyridamole monotherapy failed to show a benefit in stroke prevention over ASA monotherapy

• ER-DP+ASA vs. Clopidogrel:
• Similar efficacy in preventing recurrent stroke
• Clopidogrel is better tolerated (less bleeding and headache)

• PK/PD:
• ER formulation of dipyridamole allows BID administration
• Using immediate-release dipyridamole with aspirin (cheaper) is unproven

• ADRs:
• GI bleeding, GI symptoms, headache (main cause for discontinuation)
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Pharmacologic therapy
Ischemic stroke: Secondary prevention (Ticagrelor)
• MOA:
• P2Y12 (ADP) receptor antagonist 

(reversible blockage) 

• Ticagrelor is not FDA-approved for 
secondary stroke prevention

Ticagrelor
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Pharmacologic therapy
Ischemic stroke: Secondary prevention (DAPT)
• Dual antiplatelet therapy (DAPT) for secondary stroke prevention is an option for select patients
• Minor stroke or High-risk TIA who did not receive alteplase (or as an alternative to alteplase)

• Short-term DAPT (≤ 90 days): 
• Significantly lower risk of recurrent stroke 

• No accompanying risk of major bleeding

• Long-term DAPT (> 90 days):
• No additional benefit in reducing recurrent strokes

• Increased risk of major bleeding

• ASA-Clopidogrel combination:
• The most studied DAPT

• Not recommended for > 90 days

• ASA-Ticagrelor combination:
• Higher incidence of severe bleeding than ASA alone

• Not recommended for > 30 days
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Pharmacologic therapy
Ischemic stroke: Secondary prevention (TAPT)
• Triple antiplatelet therapy (TAPT) is not recommended for secondary stroke prevention

• TAPT (compared to DAPT and Monotherapy):

• Increased risk of major bleeding

• No additional benefit in reducing the risk of recurrent stroke
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Pharmacologic therapy
Ischemic stroke: Secondary prevention (Anticoagulants)
• Oral anticoagulation is the treatment of choice for stroke prevention in atrial fibrillation/flutter

• Benefit vs Risk: 
• Patients with AF & recent stroke/TIA history  High risk for stroke recurrence

• However, anticoagulation carries a significant risk of bleeding

• To assess benefit (stroke prevention): CHA2DS2-VASc
• Stroke risk stratification tool; Assesses the patient’s risk of developing stroke

• CHA2DS2-VASc scores > 0 (men) or > 1 (women)  High risk for stroke  Oral anticoagulation needed

• To assess risk (bleeding): HAS-BLED
• HAS-BLED score > 2  High risk for bleeding  Intensive patient monitoring needed

STUDENTS-HUB.com

https://students-hub.com


Pharmacologic therapy
Ischemic stroke: Secondary prevention (Anticoagulants)

(each)

(each)
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Pharmacologic therapy
Ischemic stroke: Secondary prevention (Anticoagulants)
• Timing of oral anticoagulant initiation:
• Debated due to risk of hemorrhagic conversion of the infarcted area

• Low risk of hemorrhagic conversion: 

• Start oral anticoagulation 2 - 14 days after stroke

• High risk of hemorrhagic conversion: 

• Start oral anticoagulation after 14 days (at least) of stroke

STUDENTS-HUB.com

https://students-hub.com


Pharmacologic therapy
Ischemic stroke: Secondary prevention (Warfarin)
• MOA:
• Anticoagulant

• Inhibition of vitamin K epoxide reductase complex 1 (VKORC1) 

• Inhibition of activation of clotting factors II, VII, IX, and X (1972)
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Pharmacologic therapy
Ischemic stroke: Secondary prevention (Warfarin)
• In AF:
• Adjusted-dose warfarin reduces stroke risk by 62% compared to placebo

• Adjusted-dose warfarin reduces stroke risk by 36% compared to aspirin

• First line in AF with mechanical heart valves or moderate to severe mitral stenosis

• INR target:
• Recommended INR for secondary stroke prevention is 2 - 3 (prevents stroke with lowest bleeding risk)

• PK/PD:
• Polymorphisms  Unpredictable PK/PD (requires frequent INR monitoring)

• CYP2C9 (main metabolizing enzyme for warfarin ‘slow metabolizers vs fast metabolizers’)

• VKORC1 (site of action for warfarin)

• Food and drug interactions
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Pharmacologic therapy
Ischemic stroke: Secondary prevention (DOACs)
• Direct-acting oral anticoagulants (DOAC): 
• Direct thrombin (IIa) inhibitors: Dabigatran

• Direct factor Xa inhibitors: Rivaroxaban, Edoxaban, Apixaban
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Pharmacologic therapy
Ischemic stroke: Secondary prevention (DOACs)
• DOAC vs Warfarin:
• Easier dosing (less/no need for INR monitoring, predictable PK/PD) 

• Less food and drug interactions

• As effective as (and in some cases superior to) warfarin in reducing stroke risk 

• Fewer rates of serious hemorrhage

• Renal function monitoring:
• Before using a DOAC: evaluate renal function; adjust dose if significant renal impairment

• ClCr < 15 mL/min or Hemodialysis: Warfarin or Apixaban are preferred (mainly hepatic metabolism)

• ClCr > 95 mL/min: Avoid Edoxaban 
• Lower blood levels with better renal function  Increased stroke risk compared to warfarin

• Obese patients:
• Limited data on using DOAC in BMI > 40 kg/m2

• Apixaban and Rivaroxaban may be the best options for BMI > 40 kg/m2 or body weight > 120 kg

STUDENTS-HUB.com

https://students-hub.com


Pharmacologic therapy
Ischemic stroke: Secondary prevention (DOACs)
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Pharmacologic therapy
Ischemic stroke: Secondary prevention (BP control)
• Elevated BP is very common in ischemic stroke patients

• HTN treatment in ischemic stroke patients  Decreased risk of stroke recurrence

• Guideline recommendations for BP control for secondary stroke prevention:
• Adults not previously treated for HTN who experience stroke or TIA and have average BP > 130/80 mm Hg:

• Recommended to prescribe antihypertensive treatment after the first few days of the event

• Adults with previously treated HTN who experience stroke or TIA:

• Recommended to restart antihypertensive treatment after the first few days of the event

• Adults with HTN who experience stroke or TIA: 

• Thiazide diuretic, ACEI, or ARB

• BP goal < 130/80 mm Hg
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Pharmacologic therapy
Ischemic stroke: Secondary prevention (lipids control)
• Statins: reduce risk of stroke in patients with CAD and elevated plasma lipids

• Ezetimibe: add-on therapy

• PCSK9 inhibitors: add-on therapy

• EPA (icosapent ethyl): add-on therapy in hypertriglyceridemia; for severe hypertriglyceridemia

• Fibrates: for severe hyperglyceridemia

STUDENTS-HUB.com

https://students-hub.com


Pharmacologic therapy
Hemorrhagic stroke: Acute treatment
• Usefulness of pharmacologic interventions is limited in ICH
• Management of hypertension

• Reversal of coagulopathy
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Pharmacologic therapy
Hemorrhagic stroke: Acute treatment
• Management of hypertension:
• HTN in hemorrhagic stroke increases the risk of hematoma expansion

• Continuous IV infusion antihypertensives

• Reversal of coagulopathy:
• For anticoagulant-associated (drug-induced) ICH

• Consider reversal agents 

• Warfarin: Vitamin K + 4PCC (Clotting factors II, VII, IX, X)

• Dabigatran: Idarucizumab

• Rivaroxaban, Apixaban (but not Edoxaban): Andexanet alfa 

SAH due to aneurysm rupture, target SBP < 160 mm Hg 
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Evaluation of therapeutic outcomes
• Intensive monitoring in acute stroke for:
• Development of neurologic worsening (stroke recurrence, stroke extension) 

• Complications (VTE, infection)

• Adverse effects (medications, non-pharmacologic interventions)

• Most common reasons for deterioration in stroke:
• Extension of the original lesion (ischemic or hemorrhagic) in the brain

• Development of cerebral edema and elevated ICP

• Hypertensive emergency

• Infection (most commonly urinary and respiratory)

• VTE (DVT, PE)

• Electrolyte abnormalities (can be associated with brain injury) 

• Cardiac rhythm disturbances (can be associated with brain injury)

• Recurrent stroke
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Evaluation of therapeutic outcomes
• Recurrent stroke occurs in ~ 3 – 4% of patients with non-cardioembolic strokes (per year)

• 1/3 to 1/2 of these recurrent strokes occur while patients are on antiplatelets!

• None of the antiplatelets reduces stroke risk to zero!

• Most important causes of recurrent strokes:
• Non-adherence (poor understanding of therapy, adverse effects, polypharmacy…)

• Inappropriate dosing

• Reduced absorption

• Increased metabolism

• Drug-drug interactions

• Genetic polymorphisms
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