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I. INTRODUCTION 

Cerebrovascular disease or stroke is the second leading cause of death 

worldwide.
[1] 

Stroke is a syndrome due to disrupted blood flow in the 

brain causing sudden neurological deficit, at least for 24 hours. Stroke 

is the main manifestation of cerebrovascular disease, the all types of 

vascular diseases in the brain.
[2]

 

 

Stroke is the main cause of mortality and morbidity. Cerebral infarct 

(ischaemic stroke) due to arterial occlusion is the most common type 

of stroke, but an ischaemic condition also contributes to the 

pathophysiology of primary intra-cerebral and subarachnoid 

haemorrhage.
[3]

 

 

Stroke is divided into ischaemic (accounting for 87% stroke) and haemorrhagic (13%) stroke. 

Ischaemic stroke, both the thrombolytic or embolic stroke, is a progression of sudden focal 

neurological deficit due to inadequate blood supply to the brain area. Thrombolytic occlusion 

happens when the thrombus was formed in the artery of the brain. While embolic stroke 

happens when a thrombus, from in or outside cerebral vascularization, ruptured and occluded 

the cerebral vascularization. The extra-cerebral emboli usually arises from the heart, called 

cardio-embolic stroke.
[1]

 

 

Haemorrhagic stroke arises from central nerves system (CNS) haemorrhage including 

subarachnoid haemorrhage (SAH), intra-cerebral haemorrhage (ICH), and subdural 

hematome. SAH is a sudden haemorrhage between in the inner and middle part of meningeal 

layers, due to trauma, ruptured cerebral aneurysm, or arteriovenous malformation (AVM). 

ICH is a direct haemorrhage in brain parenchyma, usually due to uncontrolled hypertension. 

The subdural hematoma arises from subdural layer bleeding and mostly due to the head 

injury. 
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II. Risk Factors and Classification 

Risk factors assessment for ischaemic and haemorrhagic stroke is an important component of 

stroke prevention, diagnosis, and treatment. The main target of long term ischaemic stroke 

management includes the primary prevention (the first stroke prevention) and recurrent stroke 

prevention by risk factors reduction and modification. Ischaemic stroke risk factors are 

modifiable and non-modifiable (Figure 1). The patients had to assess and modify their risk 

factors, if possible, to lower the risk of stroke event and/or recurrency.
[4,5] 

 

 

Figure 1: Modifiable and non-modifiable risk factors of ischaemic stroke. 

 

There are two main ischaemic cerebral events: transient ischaemic attack (TIA) and 

ischaemic stroke (cerebral infarct). TIA is a temporary neurological dysfunction arises from 

focal area of the brain, spinal cord, or retina ischaemic without any acute infarction. TIA has 

a rapid onset and short duration, less than 1 hour and usually not longer than 30 minutes. The 

symptom varies depend on the brain area involved. But, there is no deficit residue after the 

event. The classic definition of TIA is based on the duration, less than 24 hours; any 
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symptom that lasts more than 24 hours is categorized as ischaemic stroke. Modified 

neuroimaging techniques showed that clinical symptoms that last more than 1 hour are an 

ischaemic stroke based on the evidence of tissue infarct. Using classic definition of TIA is 

potentially misclassifying one third cases. So, TIA definition had changed by dismiss the 

duration factor to support the diagnosis and classification of the event.
[6]

 TIA is also an acute 

ischaemic stroke risk factor, accounting for approximately 15% cases of acute ischaemic 

stroke; so, the prevention of TIA and ischaemic stroke is similar.
[7]

 

 

Ischaemic stroke is similar to TIA; except for the tissue injury and infarction, and deficit 

residue found in many patients after the event. A tissue definition based on the existence of 

cerebral infarct had approved as cerebral infarct definition including brain, spinal cord, and 

retinal cell permanent injury based on neuropathology, neuroimaging, and clinical 

evidences.
[8]

 

 

III. Pathophysiology 

In ischaemic stroke there is blood supply disruption in the brain due to thrombus or emboli. 

The diminished cerebral blood flow leads to tissue hypo-perfusion, hypoxia, and cell deaths. 

Thrombus formation usually started by lipid deposit in the vessels causing blood flow 

turbulence. This event leads to vessels injury and exposes vascular collagen to the blood. The 

vessels injury trigger thrombocyte aggregation due to sub-endothelium exposure. 

Thrombocytes release adenosine diphosphate (ADP) causing platelet aggregation and 

consolidation. Thromboxane A2 also contributes to the thrombocyte aggregation and 

vasoconstriction. The vessels injury activate the coagulation cascade to produce thrombin that 

turns fibrinogen to fibrin causing clot formation from fibrin molecules, thrombocytes, and 

blood cells aggregation (Figure 2-3). 
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Figure 2: Pathophysiology of chronic stable angina vs. acute coronary syndrome. Panel 

A illustrates a normal coronary artery. Panel B illustrates stable atherosclerotic plaque 

in coronary artery. The lipid core is relatively small and the fibrous cap is consists of 

some smooth muscle cell layers. Panel C illustrates unstable atherosclerotic plaque with 

bigger lipid core and thinner fibrous cap with only a layer of smooth muscle cell that 

cracks or ruptures. Panel D illustrates platelet adhesion as a response to ruptured 

plaque. As platelet activation happens, platelet aggregation as fibrinogen binds to 

thrombocyte to form a net occlusion in the coronary lumen (Figure E). In this step, the 

patient may suffers from acute coronary syndrome. If the endogenous anticoagulant 

protein fail to stop this process, platelet aggregation will continues and fibrinogen turns 

into fibrin that leads to occlusive thrombus formation (Panel F). 
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Figure 3: Summary of coagulation cascade. The specific coagulation factor (“A” shows 

an active form) is responsible to convert plasma soluble fibrinogen into unsoluble fibrin. 

This process happens through some reactions where active enzymatic products turn 

into active protein that downstream to active serine protease. On the other hand, 

thrombin activation stimulates the thrombocyte (HK, high molecule weight kininogen; 

PK, prekallikrein; TF, tissue factor).
[9] 

 

After initiation event, secondary event happens in the cellular level, contributes to the cell 

death. This cellular process might happen in the same way. Amino acid stimulation, such as 

glutamate, accumulates in the cell causing intracellular calcium accumulation. This event 

leads to inflammation and oxygen free radical formation in the cell death pathway. Usually 

there is ischaemic core that contains contaminated brain cell and surrounded by an area called 

ischaemic penumbra. In ischaemic penumbra, the cell can be saved, but highly depends on 

the time. Without an adequate perfusion restoration, the cell deaths continue in the wider 

brain area causing neurological deficit. 

 

The pathophysiology of haemorrhagic stroke is not learned as deep as ischaemic stroke; but it 

is more complex. Most of this processes are related to the presence of blood in brain tissue 

and surrounding space that causing compression. The hematoma formation continues to grow 

and develop after the initial bleeding, and related to poor outcomes. The oedema and injured 

brain tissue is caused by inflammation from thrombin and the other blood products. This 

event leads to increased intracranial pressure (ICP) and herniation.
[10,11]
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IV. Clopidogrel for Stroke 

The key event in platelet activation and aggregation increases in cytoplasmic calcium. It 

changes the configuration of inactive GPIIb/IIIa receptor ( ) in the plasma membrane into 

high affinity receptor for fibrinogen ( ), forms a cross-link between platelet and aggregation. 

Thrombin, TXA2 and 5HT activate phospholipase C, resulting inositol-1,4,5-triphosphate 

(insP3) that stimulates calcium release from the endoplasmic reticulum. ADP inhibits the 

adenylate cyclase and the decreased cyclic adenosine monophosphate (cAMP) also increases 

cytoplasmic calcium. All antiplatelet drugs inhibit calcium dependent pathway through this 

platelet activation pathway. 

 

Clopidogrel is thienopyridine deviation that reduce platelet aggregation by inhibiting ADP 

effect on thrombocyte, irreversibly. Clopidogrel has a synergic effect with aspirin 

(acetylsalicylic acid, ASA). Clopidogrel is also used when the aspirin is contraindicated. 

Clopidogrel is slightly more effective than ASA and similar with the combination of 

extended-release (ER) dipyridamole and aspirin.
[12,13]

 The usual dose of clopidogrel, 75 mg 

once a day, has a lower diarrhoea and neutropenia rate compared to ticlopidine, and doesn’t 

need any laboratory monitoring. Clopidogrel can be used as a monotherapy for secondary 

stroke prevention. This is an initial option of secondary ischaemic stroke prevention and 

considered as the first line therapy for the patients with peripheral artery disease or allergy to 

the aspirin. 

 

 

Figure 4. Mechanism action of clopidogrel as an antiplatelet. 
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Clopidogrel specifically disrupts ADP receptor binding with Gi/adenylyl cyclase (P2YAC 

ADP receptor). Clopidogrel eliminates P2YAC receptor by inhibit ADP effect mediated with 

receptor in prostaglandin E1 stimulation, which depends on cAMP and VASP without 

altering epinephrine, thrombin, and thromboxane signalling. VASP phosphorylation is highly 

correlated with the inhibition of platelet and fibrinogen receptor (glycoprotein IIb/IIIa) 

activation. So, the inhibition of platelet ADP P2YAC receptor and its intracellular signalling, 

including decreased VASP phosphorylation, is the mechanism action of clopidogrel. 

 

It is expected that clopidogrel is activated by hepatic cytochrome P450 3A (CYP3A) to form 

an active metabolite.
[14,15]

 Clopidogrel active metabolite inhibits adenosine diphosphate 

(ADP)-induced thrombocyte aggregation by irreversibly binding to platelet P2Y12 

receptor.
[16]

 Consistently, coadministration of CYP3A inducer or inhibitor responsively 

modulates in vivo.
[17,18]

 There is a report of subject with defect CYP2C19 alel (CYP2C19 * 

2) responded poorly compared with normal CYP2C19 alel.
[19,20]

 Then, an in vitro study 

showed that beside CYP3A, CYP2C19 was involved in clopidogrel activation.
[21,22]

 

 

The efficacy of clopidogrel as an antiplatelet for atherorhrombotic disruption in Indonesia 

was reported by CAPRIE study.
[23]

 In this study, more than 19.000 patients with the history 

of myocardial infarct (MI), stroke, or peripheral artery disease (PAD), were treated by 

clopidogrel 75 mg/day or aspirin 325 mg/day to compare their efficacy to lower MI, stroke, 

and cardiovascular death. In the final analysis, clopidogrel was slightly (8% reduced risk 

relative [RRR]) more effective than aspirin (p = 0,043) and had the same bad impact. There 

was no relationship with blood discrasias (neutropenia). Usually used with congener, 

ticlodipine, and widely used for atherosclerosis patients. 

 

In MATCH study, clopidogrel combined with aspirin 75 mg per day was not more effective 

compared with clopidogrel alone in preventing stroke.
[24] 

But, in patients with acute coronary 

syndrome or patients underwent percutaneous coronary intervention, this combination was 

significantly more effective than aspirin alone in reducing MI, stroke, or cardiovascular 

death.
[25,26]

 When clopidogrel was combined with aspirin, the bleeding risk that threatened 

life increased from 1,3% to 2,6%. This combination only recommended for ischaemic stroke 

patients with recent history of MI or the other coronary event. And this combination only 

used ultra low dose aspirin to minimize its bleeding risk.
[27]
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Clopidogrel has an unique antiplatelet aggregation effect because it contains platelet 

aggregation adenosine diphosphate (ADP) pathway inhibitor and inhibits the stimulation of 

thrombocyte aggregation.
[23,28]

 This effect alters thrombocyte membrane and disrupts 

membrane-fibrogenic interaction that blocks platelet glycoprotein IIb/IIIa receptor. An 

interval of 3 until 7 days before achieving maximum antiplatelet effect is recommended. The 

toleration of clopidogrel 75 mg/day is as good as medium dose (325 mg/day) aspirin with 

lower GI bleeding. 

 

Clopidogrel is related with higher risk of diarrhoea and rash, compared with aspirin 325 

mg/day (5,3% to 6%, respectively).
[27]

 There is no excessive neutropenia in patients treated 

with clopidogrel, and extent thrombotic purpura. Clopidogrel is thienopyridine prodrug and 

needed a biotransformation by liver to form its active metabolite. The evidence showed that 

cytochrome P450 3A4 (CYP3A4) was an enzyme that responsile for clopidogrel conversion. 

The antiplatelet effect of clopidogrel is reduced in patients receiving CYP3A4 enzyme 

inhibitor agents.
[29]

 

 

Pharmacology. Clopidogrel is an antiplatelet agent that prevents thrombocyte aggregation by 

directly inhibits ADP binding to the receptor, and inhibits the activation of glycoprotein 

IIb/IIIa. This effect is irreversible. 

 

Adult dose per oral to reduce stroke, MI, or vascular death: 75 mg once a day. Initial dose 

300 mg in the first day is usually used to shorten the intervention onset. 

 

Formulation dose. Tablet 75 mg. 

 

Pharmacokinetics. Clopidogrel is rapidly absorbed; its bioavaibility is approximately 50%; 

98% binds to plasma protein. The main compound doesn’t have activity thrombocyte 

inhibitor and extensively underwent hepatic metabolism into carboxylate acid derivation (the 

main metabolite) and other unknown active metabolite. The half life of carboxylate acid 

metabolite is 8 hours. 

 

Adverse reaction. The most common adverse events are diarrhoea (4,5%), rash (4,2%), GI 

bleeding (2%) and GI ulcer (0,7%). The serious adverse event is rarely happened, including 

intracranial haemorrhage (0,4%) and severe neutropenia (0,04%). Clopidogrel is related to 

thrombotic thrombocytopenia purpura.
[30]

 This drug is contraindicated in active bleeding 

patients such as peptic ulcer or intracranial haemorrhage. Precaution in patients with 
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increased bleeding risk due to trauma, surgery, or the other condition. Clopidogrel must be 

stopped 7 days before the surgery if antiplatelet effect isn’t expected. 

 

Drug interaction. Precaution in patients receiving anticoagulant drugs or drugs that inhibit 

thrombocyte function such as NSAID. 

 

Notes. Reduced overall risk of clopidogrel is 8,7% higher than aspirin in CAPRIE study of 

patients that have the risk of ischaemic event.
[23]

 

 

Table 1: Pharmacotherapy Recommendations for Ischemic Stroke. 

 

 

Table 2: Monitoring in Stroke Patients. 
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