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INTRODUCTION 

 

Cerebrovascular diseases include some of the most common and 

distressing disorders: ischemic stroke and hemorrhagic stroke1. It is the 

second leading cause of death all over the world, causing 6.2 million deaths 

in 2011. Strokes cause ~200,000 deaths every year in the United States and 

are a major cause of disability and morbidity. A stroke, or cerebrovascular 

accident is defined as an abrupt onset of a neurologic deficit which can be 

attributed to a focal vascular aetiology.  

Calcium is well known to be an important mediator in the death of 

neurons due to ischemia. Accumulation of intracellular calcium causes 

neuronal death which is the basic patho-mechanism of ischemic stroke. As 

a result of ischemia, the cells are starved of oxygen and glucose, there will 

be necrosis of cells due to the decrease in ATP levels. Due to depletion of 

ATP, membrane ion pumps stops acting and neurons depolarize, allowing 

rise in intracellular calcium. Cellular depolarization also causes glutamate 

release from synaptic terminals; excess extracellular glutamate produces 

neurotoxicity by activating postsynaptic glutamate receptors that increase 

neuronal calcium influx. Influx of calcium causes potassium channels to 

open and there by closing calcium channels.  
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Also the influx of calcium activates a calcium sensitive protein 

phosphorylase calcineurin which dephosphorylates the channel , thereby 

inactivating it. A  rise in extracellular calcium is seen due to a decrease in 

the extracellular space causing cytotoxic oedema. Depolarization of nerve 

terminals cause a calcium influx along an electrochemical gradient and the 

consequent rise in intra-cellular calcium triggers neurotransmitter release. 

Much of the calcium that enters must be re-distributed within the nerve-

terminals i.e. Calcium is transiently sequestered so that the calcium 

concentration inside declines to a normal level. Later when the calcium is 

pumped out, it is released from the sequestered areas. 

Many studies have shown that serum calcium levels correlate with 

the size as well as the severity of acute ischemic stroke. This study was 

done with the aim of determining the correlation of serum calcium levels 

with the size of infarct and severity of infarct in acute ischemic stroke based 

on NIHSS score. 

 

 

 



 
 

 
 
 
 

 
 
 
 
 
 
 
 
 

Objective of Study 
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AIMS AND OBJECTIVES 

 

To assess the correlation of serum calcium levels with severity of 

infarct based on infarct size and clinical status based on NIHSS 

(NATIONAL INSTITUTE OF HEALTH STROKE SCALE) score in 

acute ischemic stroke. 

 

 

 

  



 
 

 
 
 
 
 
 
 
 
 
 
 

Review of Literature 
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REVIEW OF LITERATURE 

 

A stroke, or cerebrovascular accident is defined as an abrupt onset 

of a neurologic deficit that is due to a focal vascular cause(1).  A stroke 

occurs when a blood vessels that supply oxygen and nutrients to the brain 

is blocked by a clot or when it ruptures. (8) Eighty percent of all strokes can 

be prevented. The main risk factors causing stroke include sysyemic 

hypertension, diabetes mellitus, dyslipidemia, smoking, alcohol, 

arrythmias etc. Cerebrovascular diseases contribute to some of the most 

devastating disorders affecting mankind. It includes ischemic and 

haemorrhagic strokes. When we take the world, stroke is the second most 

cause of death. Around 6.2million died due to stroke in 2015 which means 

an increase of 8.3lakhs since 2000 in just 15 years. As the socioeconomic 

burden caused by stroke is substantial, effective and urgent treatment is 

essential. 

Thus stroke is a major problem of public health throughout the world 

due to its high prevalence and mortality(2). It has caused significant 

disability in survivors. Cerebrovascular diseases include some disorders 

which has their pathology localized to the vessels of the brain and spinal 

cord including ischemic stroke, haemorrhagic stroke, transient ischemic 
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attack(TIA), subarachnoid haemorrhage(SAH), cerebral venous and sinus 

thrombosis and diseases of the vessels themselves without cerebral injury.  

The clinical expression  of stroke is highly variable due to complex 

brain anatomy and its vasculature(1). Cerebral ischemia is caused due to 

reduction of blood flow to brain for more than several seconds. Neurologic 

symptoms appear within seconds as the neurons lack glycogen causing 

rapid energy failure. When the neurological symptoms resolve within 

24hrs if the blood flow is quickly restored, without any evidence of brain 

infarction, it is termed as TIA. When the neurologic signs and symptoms 

last for more than 24 hrs or there is infarct in imaging studies, it means that 

a stroke has occurred.  

There may be imaging abnormalities consistent with infarction or 

microhaemorrhage that are not associated with any clinical symptoms, the 

so called “ silent strokes”. These are five times more common than 

clinically evident strokes, thus substantially increasing the burden of 

cerebrovascular disease. These are not exactly silent as they contribute to 

cognitive decline, dementia, functional disability, gaits disorders causing 

frequent falls and an increased risk of clinical strokes. 
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CLASSIFICATION OF STROKE18 

 

1. According to Clinical profile   

a. Completed stroke.  

b. Stroke in Evolution.  

c. Transient Ischemic Effects.  

d. Reversible Ischemic Neurological Deficit. (RIND) 
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2. According to site of occurrence 

a. Supra-tentorial - lobar and Capsulo-ganglionic region 

b. Infra-tentorial - brainstem and cerebellum.  

 

 

 

3. Pathophysiological classification:  

 I. Infarct  

Infarct is further classified into 

           Thrombotic  

            Embolic  
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     II. Hemorrhagic stroke. 

             1. Intracerebral haemorrhage 

             2. Sub arachnoid haemorrhage 

             3. intraventricular haemorrhage 

              4. subdural haemorrhage 

              5. epidural haemorrhage 

              6. cerebral microbleeds 
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Vascular abnormalities causing cerebrovascular disease include (3) 

1. Aneurysms 

2. Arteriovenous malformations 

3. Cavernous malformations 

4. Fibromuscular dysplasia 

Disorders of cerebral autoregulation can cause cerebrovascular disease like 

1. Posterior reversible encephalopathy syndrome 

2. Hypertensive encephalopathy 

3. Reversible cerebral vasoconstriction syndrome 
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RISK FACTORS FOR STROKE 

Non modifiable risk factors: These include age, sex. Race, ethnicity, 

family history, genetic disorders.  

Modifiable risk factors: 

1. Systemic hypertension 

2. Diabetes mellitus 

3. Cardiac causes – atrial fibrillation, valvular heart disease, recent MI, 

cardiomyopathy/heart failure, infective endocarditis 

4. Hyperlipidemia 

5. Smoking 

6. Physical inactivity 

7. Alcohol and other substance abuse like cocaine, iv drug abuse 

8. Hypercoagulable states 

ACUTE ISCHEMIC STROKE 

Ischemic stroke is characterized by sudden loss of blood supply to a 

focal area of brain leading to a loss of neurological function corresponding 

to the area involved. 
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It can be (4) 

1. Cardio-embolic 

2. Artero-embolic 

3. Lacunar 

4. Other causes                                                                                                                                                                                                 

Cardio -embolic accounts for 20% of strokes. Embolic stroke will 

have maximum neurologic deficit at the onset. Emboli from heart most 

frequently blocks the intracranial internal carotid artery followed by MCA, 

PCA and rarely ACA. Most common cause is non-rheumatic AF. Other 

causes include MI, prosthetic valves, rheumatic heart disease, ischemic 

cardiomyopathy etc. Thrombus may form in the fibrillating atrium or atrial 

appendage which may embolize. Paradoxical embolization can occur in 

presence of a patent foramen ovale or ASD. Bubble contrast 

echocardiography can demonstrate any right to left shunt which might be 

responsible for the paradoxical embolization. Rarely bacterial endocarditis 

can give rise to septic emboli. 

Artery to artery embolic stroke is associated with atherosclerosis 

causing thrombus formation. Carotid atherosclerosis is responsible for 

10% of ischemic strokes. Other causes include intracranial atherosclerosis. 

Dissection of internal carotid or vertebral artery can cause embolic strokes. 
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Lacunar or small vessel ischemic stroke is due to atherothrombotic 

or lipohyalinotic occlusion of a small artery in brain. They are responsible 

for 20% of all strokes. It can be pure motor hemiparesis, pure sensory 

stroke, ataxic hemiparesis and dysarthria and a clumsy hand or arm. 

Other causes include hypercoagulable disorders, SLE with Libman 

Sacks endocarditis, homocysteinemia, venous sinus thrombosis. Strokes 

can also occur in patients with thrombophilic conditions like APLA, 

protein C, protein S deficiency, prothrombin G20210 mutatio, factor V 

Leiden mutation. Sickle cell anemia can cause stroke in children. 

CADASIL, an inherited disorder can cause small vessel strokes, 

progressive dementia, extensive white mater changes. Other genetic stroke 

syndromes like CARASIL, HERNS, COL4A1 mutation, Notch 3 

mutation, the presence of ApoE4 allele, MTHFR C677T, NOS 3, 

ALOX5AP, PRKCH mutations  are rare causes of stroke. 

Risk of stroke increases following a TIA, 10-15% in the first 3 

months, most events occur within 2 days. 

 WATERSHED INFARCTS occur at the cerebral vascular territory 

borders or junctions where the tissue is furthest from the arterial supply. 

These areas are vulnerable to reductions in perfusion. Internal watershed 

infarcts are caused by severe stenosis in large arteries or acute hypotension. 

External watershed infarcts are caused by embolism. 
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PATHOPHYSIOLOGY OF ACUTE 

ISCHEMIC STROKE 

 

Due to acute occlusion of an intracranial vessel, there will be 

reduction in blood flow to the brain region it supplies.if the cerebral blood 

flow decreases to zero, it causes death of brain tissue within 4-10min. Less 

than 14-18ml/100g tissue per minute cause infarction within an hour and 

values less than 20ml/100g/min will cause ischemia without infarction 

unless prolonged for several hours or days. The patient may experience 

only transient symptoms if the blood flow is restored before development 

of significant infarction. This is what happens in a TIA. Ischemic 

penumbra is the ischemic but reversibly dysfunctional tissue around a core 

area of infarction. Penumbra will eventually get infarcted if blood flow is 

not restored. The goal of revascularization therapies is to save the ischemic 

penumbra. 

Two pathways of cerebral infarction. 

1. Necrotic pathway in which there is rapid cellular breakdown due 

to energy failure of the cell. 

2. Apoptotic pathway where the cells are programmed to die. 

Ischemia produces necrosis due to absence of glucose and oxygen 

which results in mitochondrial failure to produce ATP. Once there is no 

ATP, membrane ion pumps stop functioning and there will be 



14 
 

depolarization of neurons causing rise in intracellular calcium levels. There 

will be glutamate release from synaptic terminals which produces 

neurotoxicity by activation of postsynaptic glutamate receptors which will 

again cause calcium influx. There is production of free radicals due to 

degradation of membrane lipids and mitochondrial dysfunction. There will 

be catalytic destruction of membranes by the free radicals with all vital 

functions of cell affected. In the areas of penumbra with lesser ischemia, 

there will be apoptotic cellular death causing death of cells days to week 

later. 
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Fever  as well as hyperglycemia  dramatically causes worsening of 

brain injury. 

Haemorrhagic transformation of ischemic stroke:             

Hemorrhagic transformation occurs is 5% of uncomplicated ischemic 

stroke events even in the absence of fibrinolytic therapy (29).  

Mechanism:  

1]  There may be recanalization of occluded artery or the supply 

by a collateral vessel causing reperfusion injury. 

2]  There may be extravasation of red blood cells from the 

capillaries and the blood brain barrier may be disrupted 

leading to petechial haemorrhages. 

Significant cerebral oedema occurs rarely (10-20%) except in 

anterior circulation strokes. Oedema and cerebral herniation can cause 

death in the early period after stroke .  Seizures occur in 2-23% of patients 

within the first days after ischemic stroke. Some stroke survivors develop 

chronic seizures. 
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CLINICAL PRESENTATION OF STROKE 

The presentation of stroke is highly varied. It depends on the area of 

nervous system affected, and handedness of the person.  

Embolic ischemic strokes will have sudden onset of a mostly 

painless neurological deficit. Thrombotic strokes may have a stuttering or 

progressive course as the occlusion is gradual. Headache is more common 

with arterial dissection and haemorrhages. Due to rise in intracranial 

pressure, there will be decrease in consciousness in haemorrhagic stroke 

and large hemispheric lesions.  

Emboli most commonly occur in the MCA territory. Dominant 

(mostly left) hemispheric lesions are characterized by different 

combinations of right hemiparesis, right hemisensory loss, right visual loss, 

language disturbances, impaired gaze to the right side or neglect of right 

side. Involvement of superior division of MCA results in motor aphasia. 

Involvement of inferior division results in sensory or Wernicke’s aphasia. 

Patient may be mute and uncomprehending in large hemispheric lesions. 

Left side deficits occur with involvement of non-dominant right 

hemisphere. Language will be preserved with impaired attention, neglect 

of the left side, sometimes going to the extent of asomatagnosia which is 

the neglect of the left side of their own body. There may be dysprosody 



17 
 

which is the lack of emotional and gestural components of speech with 

preserved semantic content.  

ACA territory infarcts cause weakness limited to the legs along with 

lack of initiative or abulia, incontinence and gaze palsies. Posterior cerebral 

artery infarcts present with visual loss, without any motor deficit. 

Behavioural disturbances including delirium and amnesia occur with 

involvement of medial temporal lobe supplied by PCA.  

Brain stem infarcts presents with stroke syndromes specific to the 

neural pathways affected.  

STROKE SYNDROMES 

Strokes within anterior circulation: 

It includes internal carotid and its branches. 

MCA: Its cortical branches supply the lateral surface of the 

hemisphere except  

1. The frontal pole and a strip along the superomedial border of 

the frontal and the parietal lobes which is supplied by the ACA. 

2. The lower temporal and the occipital pole which is supplied 

by the PCA. 
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Lenticulostriate branches of MCA supply the putamen, outer globus 

pallidus, posterior limb of the internal capsule, adjacent corona radiata, and 

most of caudate nucleus.  

If MCA is totally occluded at its origin, then the clinical findings are 

contralateral hemiplegia, hemianaesthesia and a day or two gaze preference 

to the same side. Facial paralysis will cause dysarthria. Global aphasia in 

case of involvement of dominant side and anosognosia, constructional 

apraxia and neglect in case of involvement of non- dominant hemisphere.  

Complete MCA syndromes if it is occluded by an embolus at its 

stem. Partial syndromes occur in presence of cortical collateral flow and 

differing arterial configurations, also if there is partial occlusion of stem or 

occlusion of distal branches. 

Partial syndromes include brachial syndrome, facial weakness with 

Broca’s aphasia, frontal opercular syndrome. Strokes of lenticulostriate 

arteries cause lacunar strokes like pure motor or sensory-motor stroke of 

the opposite side, clumsy hand dysarthria lacunar syndrome, sometimes 

Parkinsonism and hemiballismus due to the involvement of globus pallidus 

and putamen. 
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ACA: Two segments – the precommunal A1 circle of Willis, or stem 

which connects ICA to anterior communicating artery and the 

postcommunal A2 which is distal to the anterior communicating artery. 

Occlusion of A1 is well tolerated to supply through anterior 

communicating artery. Occlusion of single A2 will cause paralysis of 

opposite foot and leg, lesser paresis of contralateral arm, cortical sensory 

loss over the lower limb foot, toes and leg, urinary incontinence, 

contralateral grasp reflex, sucking reflex, gegenhalten, abulia, gait apraxia.  

If both A2 arise from a single stem, bilateral involvement will be there.  

Anterior choroidal artery: A branch of ICA and supplies the 

posterior limb of internal capsule and the white mater posterior to it. 

Complete syndrome will have contralateral hemiplegia, hemianesthesia 

and homonymous hemianopia.  

ICA: Depends on the artery occluded. When both MCA and ACA 

origins are occluded, abulia or stupor occurs along with hemiplegia, 

hemianesthesia, aphasia or anosognosia. Sometimes PCA arises from ICA, 

PCA territory stroke will occur. 

In addition to the supply of brain, ICA supplies the retina and the 

optic nerve through ophthalmic artery. There will be recurrent transient 

monocular blindness or amaurosis fugax.  
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In stenotic lesions, there will be carotid bruit. 

Common carotid artery: All signs and symptoms of internal carotid 

artery occlusion. Sometimes jaw claudication.  

Strokes within the posterior circulation: 

Paired vertebral arteries, basilar artery and bilateral PCAs. They 

supply cerebellum, medulla, pons, midbrain, subthalamus, thalamus, 

hippocampus, medial temporal and occipital lobes.  

PCA: 75% -both arise from bifurcation of basilar artery. 25% - one 

from ipsilateral ICA via posterior communicating artery and in 5% - from 

ipsilateral ICA. P1 syndrome – there will be midbrain, subthalamic, and 

thalamic signs due to involvement of proximal P1 segment. CLAUDE 

syndrome – 3rd nerve palsy with contralateral ataxia. WEBER’s syndrome 

– 3rd nerve palsy with contralateral hemiplegia. Subthalamic nucleus – 

hemiballismus. Artery of Percheron occlusion causes upward gaze palsies 

and drowsiness. Bilateral proximal PCA occlusion presents with coma, 

unreactive pupils, bilateral pyramidal signs, and decerebrate rigidity. 

THALAMIC  DEJERINE ROUSSY SYNDROME – contralateral 

hemisensory loss followed by an agonizing, searing and burning pain.  

P2 syndrome: There will be infarction of the medial temporal lobe 

and the occipital lobe due to the occlusion of distal PCA. The usual 
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manifestation will be contralateral homonymous hemianopia without 

macular sparing. Medial temporal lobe and involvement of hippocampus 

will cause memory disturbance.  There may be alexia without agraphia. 

Visual agnosia for faces, symbols, anomia may occur. Bilateral occlusion 

of distal PCA presents with cortical blindness with the patient being 

unaware of it – ANTON’S syndrome. BALINT’S syndrome – due to 

bilateral visual association area involvement. Top of basilar artery 

syndrome – sudden onset of bilateral symptoms or signs with ptosis, 

pupilar asymmetry and somnolence. 

VERTEBRAL AND POSTERIOR INFERIOR CEREBELLAR 

ARTERIES: Vertebral artery originates from the innominate artery on the 

right and the subclavian artery on the left. It has 4 segments. 

V1 –  origin to its entrance into the 6th or 5th transverse vertebral 

foramen 

V2 –  traverses the vertebral foramina from C6 to C2. 

V3 –  passes through the transverse foramen, circles thw arch of 

atlas and pierce the dura at the foramen magnum. 

V4 –  courses upward to form the basilar artery. It supply the 

brainstem & cerebellum. 
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PICA – proximal segment gives supply to lateral medulla and distal 

branches supply the inferior surface of the cerebellum. 

Occlusion or disease of proximal segment can give rise to posterior 

circulation emboli. If the subclavian artery is occluded proximal to 

vertebral artery origin, exercise of the ipsilateral arm may give rise to 

subclavian steal. 

If the artery is occluded at the origin bilaterally, TIA with syncope, 

vertigo & alternating hemiplegia may occur.  

V4 disease causes lateral medulla ischemia. Symptoms include 

vertigo, numbness of ipsilateral face & contralateral limbs, diplopia, 

hoarseness, dysarthria, dysphagia, ipsilateral Horner’s syndrome – 

LATERAL MEDULLARY OR WALLENBERG’s syndrome. MEDIAL 

MEDULLARY syndrome – infarction of the pyramid causing contralateral 

hemiparesis of arm and leg, with sparing of face.  

Cerebellar infarction – can cause respiratory arrest due to increased 

ICT from swelling. Drowsiness, dysarthria, bifacial weakness may be 

present only briefly before respiratory arrest. The only features will be gait 

unsteadiness, headache, dizziness, nausea & vomiting. 
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BASILAR ARTERY: its branches supply pons & superior 

cerebellum. Complete basilar occlusion will have bilateral long tract signs 

both sensory & motor with signs of cranial nerve and cerebellar 

dysfunction. LOCKED IN syndrome – quadriplegia and cranial nerve 

involvement with preserved consciousness. Superor cerebellar artery 

occlusion may cause severe ipsilateral cerebellar ataxia, nausea, vomiting, 

dysarthria, contralateral pain and temperature sensory loss. Occlusion of 

anterior inferior cerebellar artery presents with ipsilateral deafness, facial 

weakness, vertigo, nausea and vomiting, nystagmus, tinnitus, cerebellar 

ataxia, Horner’s syndrome, paresis of lateral conjugate gaze and 

contralateral pain and temperature sensation loss.   

EXAMINATION 

To confirm the presence of stroke and to rule out stroke mimics. To 

establish a neurological baseline for assessing the severity to predict 

prognosis and start therapy.  

Components of neurological examination include assessing higher 

mental functions and consciousness, cranial nerves, motor system, sensory 

system, cerebellar function, gait, language, skull and spine.  
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Stroke mimics include: 

Seizure 

Systemic infections 

Brain tumor 

Positional vertigo 

Conversion disorder 

Toxic metabolic disturbances – hypoglycaemia, hyponatremia. 

NATIONAL INSTITUTE OF HEALTH STROKE SCALE(NIHSS) 

It is used for assessing the impairment due to stroke as a tool for 

uniform assessment. It has been widely accepted. The score can be repeated 

at intervals or when there is new symptoms. It has been used to scrutinize 

the efficiency of treatment method and to find the patient’s progress. It can 

be used to observe the 3 month outcomes of patients. 

NIHSS consists of 11 components. Each score 0 to 4. Zero indicates 

normal function and an elevated score impairment. The minimum is 0 and 

maximum is 42. 
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The areas considered include: 

1. Level of consciousness 

2. Cranial nerve/visual disturbances 

3. Motor weakness 

4. Language/ neglect 

Advantages of National institute of Health Stroke Scale include the 

following: 

1. Assessment of cerebrovascular accidents 

2. Prognosing strokes 

3. To score the functional disability 

4. Easy and time saving measurement 

NATIONAL INSTITUTE OF HEALTH STROKE SCALE 

NO.  TITLE RESPONSE &SCORE 

I IA Level of 

consciousness 

0- Alert, keenly responsive 

1- Not alert. Arousable by minimal 

stimuli 

2- Not alert. Responds to repeated 

stimuli to attend, strong painful 

stimuli for movements. 

3-  Comatose, no response to painful 

stimuli  

 IB Orientation 

questions 

0 – answers correctly to 2 simple 

questions 

1 – Answers 1 question 

2 – Neither question answered 
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 IC  Response to 

commands 

0 – two tasks performed correctly 

1 – one task preformed correctly 

2 – neither task performed correctly 

2  gaze 0 – normal 

1 – partial gaze palsy 

2 – total gaze paresis or forced deviation 

3  Visual fields 0 -  no visual loss 

1 – partial hemianopia 

3 – complete hemianopia 

4 – bilateral hemianopia 

4   Facial palsy 0 – face normal symmetrical 

1 – minor paralysis (flattening of naso-

labial fold, asymmetry on smiling) 

2 – partial paralysis 

3 – complete paralysis of one or both sides 

5  Motor arm 0 – no drift 

1 – drift 

2 – some effort against gravity 

3 – no effort against gravity 

4 – no movement 

6  Motor leg 0 – no drift 

1 – drift 

2 – some effort against gravity 

3 – no effort against gravity 

4 – no movement 
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7  Limb ataxia 0 – absent 

1 – present in one limb 

2 – present in two limbs 

8  sensory 0 -normal 

1 – mild to moderate sensory loss 

2 – severe to total sensory loss 

9  Language 0 – No aphasia 

1 – mild to moderate aphasia 

2 – severe aphasia 

3 – mute, global aphasia 

10  Dysarthria 0 – normal 

1 – mild to moderate dysarthria 

2 – severe dysarthria 

11  Extinction & 

inattention 

0 – no abnormality 

1 – visual, tactile, auditory, spatial or 

personal inattention 

2 – profound hemi- inattention or 

extinction to more than 1 modality 
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SCORES 

0 – no stroke 

1 – 4  - minor stroke 

5 – 15 – moderate stroke 

15 – 42 – severe stroke 

NIHSS can be used as a prognostic predictor. A baseline score >16 

indicates possibility of death. < 6 indicates probability of good recovery of 

the patient 

DIAGNOSTIC IMAGING 

1. CT SCAN: It is the first imaging modality of choice to differentiate 

infarct and haemorrhages. Helps in the identification of 

extraparenchymal haemorrhages, neoplasms, abscesses etc. Initial 

several hours may not show any abnormality. May not show small 

strokes in posterior fossa as well as small cortical infarcts. Widely 

available & rapid reporting.                                                               

2. Contrast enhanced CT: show contrast enhancement of subacute 

infarcts and venous structures 
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3. CT angiography:  helps in the visualization of cervical and 

intracranial arteries, intracranial veins, aortic arch. Helps to predict 

region of brain at risk of further infarction. 

4. MRI: Gives the extent and location of infarction in all areas even the 

posterior fossa and cortex missed by CT. Diffusion weighted 

imaging is very sensitive in detecting early infarction. Expensive 

and takes longer time. Not widely available. 

5. MR angiography: Locates stenosis of extra cranial ICA and of large 

intracranial vessels 

6. Cerebral angiography: Gold standard investigation to identify and 

quantify atherosclerotic stenosis of the cerebral arteries and for 

detecting aneurysms, vasospasm, fibromuscular dysplasia. 
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MANAGEMENT 

PRIMARY STROKE PREVENTION 

 The best and the most effective strategy to reduce the stroke burden 

is by the identification and control of modifiable risk factors especially 

hypertension. 

Statins reduce the risk of stroke, hence it should be given to all with 

history of stroke in the past. 

Diabetes should be prevented and if present should be adequately 

controlled. 

Stop tobacco smoking. 

Antiplatelet drugs like aspirin, clopidogrel and combination of 

aspirin plus dipyridamole reduce the risk of atherothrombotic events. 

Anticoagulant is indicated in non-rheumatic atrial fibrillation which 

can prevent embolic stroke. Vitamin K antagonists, Dabigatran, 

rivaroxaban are the drugs available. 

Carotid atherosclerosis can be treated surgically or using 

endovascular therapy. 
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SECONDARY PREVENTION 

Patients who had stroke should be treated with 

1. Antiplatelets 

2. Antihypertensives 

3. Statins 

4. Lifestyle modifications 

EMERGENCY MANAGEMENT 

1. Airway, breathing , circulation 

2. Treat hypoglycaemia/hyperglycemia 

3. Emergency CT to differentiate haemorrhagic from ischemic 

stroke 

 To reduce/ reverse the amount of tissue infarction and improve 

clinical outcome 

1. Medical support 

2. Iv thrombolysis 

3. Endovascular revascularization 

4. Antithrombotic treatment 

5. Neuroprotection 

6. Stroke centres and rehabilitation 
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MEDICAL SUPPORT 

 Immediate goal is to optimize the perfusion of brain tissue in the 

surrounding ischemic penumbra. 

Prevention of infections, DVT by use of subcutaneous heparin or 

pneumatic compression stockings. 

Blood pressure should be lowered only if it is more than 220/120, or 

if there is malignant hypertension, or if BP>185/110 and thrombolytic 

therapy is planned. 

Serum glucose should be maintained around 180mg/dL and above 

60mg/dL. 5-10:% of people will be having cerebral oedema. Oedema peaks 

on 2nd to 3rd day but can cause mass effect upto 10 days. Water restriction 

and iv mannitol to be used to raise the serum osmolarity, but avoid 

hypovolemia. Hemicraniectomy is one other method. 

IV THROMBOLYSIS 

INDICATIONS: 

1. Clinical diagnosis of stroke 

2. Onset of symptoms to the time of administration of drug <4.5hrs 

3. CT showing no oedema of >1/3rd of MCA territory. 

No haemorrhage 

4. Age>18yrs 
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 CONTRAINDICATIONS 

1. Sustained BP>185/110mm Hg despite treatment 

2. Bleeding diathesis 

3. Recent head injury / intracerebral haemorrhage 

4. Major surgery in past 14 days. 

5. GI bleed in preceding 21 days 

6. Recent MI 

ADMINISRATION OF rtPA 

1. IV access with two peripheral lines 

2. Eligibility of rtPA to be reviewes 

3. 0.9mg/kg iv as 10% by bolus followed by total dose remaining 

over 1 hr. Total dose not exceeding 90mg 

4. Blood pressure monitoring 

5. No other antithrombotic treatment in 24hrs 

6. If there is a decline in neurologic status or uncontrolled BP, stop 

infusion, give cryoprecipitate and repeat CT 

7. Avoid urethral catheterization for >2hr 
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ENDOVASCULAR REVASCULARIZATION 

 The clot fails to lyse with rt -PA alone in large vessel occlusions like 

MCA, intracranial ICA, basilar artery. So intravascular thrombolytics can 

be used. It is an alternative in whom fibrinolysis cannot be done. 4 devices 

are there which have been approved for endovascular treatment of acute 

ischemic stroke 

STEM CELL THERAPY 

Stem cell therapy is of potential benefit in chronic ischemic stroke. 

It is through formation of neurons at the zone of infarct as well as cellular 

mediators of many of the biological mechanisms. 

Intravenously administered stem cell therapy will upregulate the 

growth factors within the body and brain making the host environment 

conducive for behavioural recovery in the form of learning. Autologous 

bone-marrow derived mononuclear cells are found to be safe. 

NEUROPROTECTION 

Neuroprotective agents blocks the neuro- excitatory amino acid 

pathway and promotes brain tolerance to ischemia 

1. Calcium channel antagonists like Flunarazine, Darodipine 

2. NMDA receptor antagonists – dextromethorphan, Eliprodil 

3. Citicholine 
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STROKE REHABILITATION 

1. Speech therapy 

2. Occupational rehabilitation 

3. Physiotherapy 

4. Pharmacotherapy 

COMPLICATIONS OF CVA 

1. Aspiration pneumonitis 

2. UTI 

3. Bed sores 

4. DVT & pulmonary embolism 

5. Contractures 

6. Dehydration 

7. Hypoxemia 

8. Hyperglycemia 

9. Frozen shoulder and subluxation 

10. Constipation 

11. Hyponatremia & seizures 
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PROGNOSIS 

 In ischemic stroke prognosis varies from person to person. It 

depends on patient’s premorbid condition, age and complications 

associated. 

CALCIUM IN STROKE 

The most prevalent cation in the human body, approximately 1-1.3 

kg in a healthy adult. 99% of calcium is present as hydroxyapatite in the 

skeleton, rest of it 1% in the extracellular fluid.  

Three forms of serum calcium 

1. 50% - active form 

2. 40% - bound with serum proteins, mainly albumin 

3. 10% - with anions like bicarbonate and citrate 

 Calcium ions have an important role in the pathophysiology of 

ischemic stroke. 

Normal blood flow to cerebrum is 45 to 60ml/100g/min. when there 

is reduced blood flow, time dependent events are triggered in the neuron. 

There is decreased production of ATP due to hypoxia when blood flow is 

below 10ml100g/min. This causes disturbance in the calcium homeostasis. 
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There will be intracellular influx of calcium with accumulation leading to 

the activation of cytotoxic enzymes causing ultimately cell death.  

The reduction of blood flow supply to the brain during ischemic 

stroke results in deprivation of oxygen and glucose and thus a reduction in 

the energy available to maintain the ionic gradients. As a result, there is  

excessive neuronal depolarization and deregulated glutamate release.  If 

blood flow is reduced for a long periods, glutamate is released at high 

concentrations in the penumbral cortex and is associated with early 

neurological deterioration in patients with acute ischemic stroke.   

Due to excessive extracellular glutamates, NMDARs are 

excessively activated resulting in increased Ca2+ influx. In the excitotoxic 

cascade, Calcium plays a critical role, as either removing Ca2+ from 

extracellular medium or preventing Ca2+ from entering mitochondria by 

uncouplers can protect neurons against excitotoxic injury.  

N-methyl-d-aspartate (NMDA) glutamate receptors are believed to 

be the key mediators of death during excitotoxic injury of neurons. 

Mitochondrial dysfunction due to prolonged accumulation of Ca2+ is 

considered a major source of free radicals that are generated after ischemic-

reperfusion. Excitotoxicity results in a sudden increase in cytoplasmic 

Ca2+ concentrations in neurons after ischemia, which induces activation 

of several signalling pathways, leading to apoptotic or necrotic neuronal 



38 
 

death. Activation of calpains, caspases, other proteases, kinases and 

endonucleases, cause mitochondrial disturbance ,overproduction of free 

radicals and DNA fragmentation, that synergistically leads to death of 

neurons.  

Oxidative stress induced by excitotoxicity is considered the main 

event leading to brain damage after cerebral ischemia. The most important 

among the free radicals induced by excitotoxicity are reactive oxygen 

species and reactive nitrogen species. 

Also the influx of calcium activates a calcium sensitive protein 

phosphorylase calcineurin which dephosphorylates the channel, 

inactivating it. A  rise in extracellular calcium occurs due to a decrease in 

the extracellular space leading to cytotoxic oedema. Depolarization of 

nerve terminals cause a calcium influx along an electrochemical gradient 

and the resultant rise in intra-cellular calcium triggers neurotransmitter 

release. Much of the calcium that enters must be re-distributed within the 

nerve-terminals i.e. Calcium is transiently sequestered so that the calcium 

concentration inside declines to a normal level. Later when the calcium is 

pumped out, it is released from the sequestered areas. Influx of calcium 

causes potassium channels to open and there by closing calcium channels. 

Low serum calcium found after acute ischemic stroke is significantly 

correlated with greater severity of stroke as assessed by the National 
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Institute of Health Stroke Score (NIHSS) than those with high calcium 

levels at the onset of acute ischemic stroke. Since about half of calcium in 

the blood is bound to albumin, an abnormal levels of albumin may affect 

the interpretation of calcium results and "free" or "ionized calcium" must 

be measured. The first step in the evaluation of a patient with 

hypocalcaemia is to verify with repeat measurement (total serum calcium 

corrected for albumin or ionized calcium) that there is really a true decrease 

in the serum calcium concentration. 

INCREASED CALCIUM LEVELS are found in 

1. Hyperparathyroidism 

2. Malignancies – squamous cell carcinoma of lung, renal cell 

carcinoma 

3. Vitamin D excess 

4. Paget’s disease 

5. Multiple myeloma 

6. Sarcoidosis 

7. Drugs like antacids, long term use of thiazides, Lithium\ 

DECREASED CALCIUM LEVELS are seen with 

1. Hypoparathyroidism 

2. Vitamin D deficiency 
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3. Chronic kidney disease 

4. Hyperphosphatemia 

5. Massive transfusion 

6. Hypoalbuminemia 

7. Chronic liver disease 

8. Severe sepsis 

9. Severe dietary calcium deficiency 

10. Tumor lysis syndrome 

            Calcium is bound to proteins, principally albumin. As a result, the 

total serum calcium concentration in patients with low or high serum 

albumin levels may not accurately reflect the physiologically important 

ionized (or free) calcium concentration. Each 1 g/dL reduction in the serum 

albumin concentration will cause lowering of the total calcium 

concentration by approximately 0.8 mg/dL (0.2 mmol/L) without affecting 

the ionized calcium concentration and, therefore, without any symptoms or 

signs of hypocalcaemia.    

  Hypoalbuminemia is the most common cause of hypocalcaemia. 

Causes include 

1. Cirrhosis,   

2. chronic kidney disease,  

3. Malnutrition,  
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4. Burns,   

5. Chronic illness 

 6. Sepsis.  

 In patients who are critically ill, low calcium levels can be simply 

due to Hypoalbuminemia.  

The reference range for albumin testing is 3.5 to 5.5 g/dL or 35-55 

g/litre. Albumin is 50%-60% of blood plasma proteins..  

Calcium is maintained within a fairly narrow range from 9-11 mg/dl. 

Hypocalcaemia is <9 and hypercalcemia >11 

Corrected Ca = [0.8 x (normal albumin - patient's albumin)]  +    

                                                                serum Ca  level. 

BURDEN OF STROKE IN INDIA:  

       Stroke is a major cause of mortality and morbidity in the India. 12% 

of all strokes occur in people less than 40 years of age. Average age of 

stroke in developing countries is 15 years younger than that of developed 

countries. 55.6 stroke cases occur per 1 million populations, among which 

0.63 million deaths occur annually. The incidence of ischemic stroke is 3.4 

per 1000 per year, and the incidence of hemorrhagic stroke was 0.8 per 

1000 per year. 1.44 to 1.64 million of acute stroke cases occurs every year. 

It was estimated that 6,398,000 DALYs were lost due to stroke. The case 
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fatality rate is 18% to 41%. In India the case fatality rate is high compared 

to the west due to inadequate medical care and severity of lesion. Stroke 

prevalence among the rural India was found to be 1.1% and urban India 

was 1.9%. Stroke causes 1.2% of total death in India. 

 Muhammad Ishfaq, FahimUllah, et,.al conducted a study titled 

“Correlation of serum calcium with severity of acute ischemic stroke”. 

It was a cross-sectional study in which serum calcium of all patients was 

measured and adjusted for serum albumin level. The mean serum calcium 

-was 8.82±0.69 mg/dl (range: 6.84-10.48 mg/dl). The calcium level was 

below 8.7 mg/dl in 47 (34.06%) patients, 8.71-9.00 mg/dl in 32(23.19%), 

9.01-9.30 mg/dl in 31(22.46%) and above 9.30 mg/dl in 28 (20.3%) 

patients. The mean NIHSS of the relevant groups was 20.19±7.865, 

14.81±7.324, 19.81±6.199 and 14.82±7.727. Bivariate correlation was 

calculated between continuous data of serum calcium and NIHSS. The 

overall Pearson's correlation coefficient was r= -0.237 (p=0.005). The 

value was r= -0.256 (p=0.37) among men and r= -0.193 among   women 

(p=0.10).  Author concluded the study stating that lower serum calcium 

levels may be associated with more severe clinical findings at the onset of 

acute ischemic stroke. Serum calcium levels may show the brutality of 

ischemic injury hence more studies were in need to clarify and assess the 
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role of calcium as the prognostic factor and the strategy for preventing 

stroke.  

       Meghna Borah, SriparnaDhar, Dipankar Mall Gogoi, et.,al., 

conducted a study titled “Association of Serum Calcium Levels with 

Infarct Size in Acute Ischemic Stroke: Observations from Northeast 

India ” with the aim of finding any correlation between serum calcium 

(total, corrected, and ionized) and infarct size (IS) in patients with acute 

ischemic stroke. The result of the study revealed levels of total alcium, 

albumin corrected calcium, and ionized calcium was 9.61 ±0.96 mg/dl 

(range: 7.84–11.5), 9.72 ± 0.97 mg/dl (range: 7.92–11.66), and 4.82 ± 0.51 

mg/dl (range: 3.9–5.9). Mean infarct size as measured on the CT scan was 

45.44 ± 18.2 cm3 (range: 16–94). The levels of total protein and albumin 

in the patients with ischemic stroke was found to be 7.43 ± 0.61 g/dl (range: 

5–8.4) and 3.87 ± 0.39 g/dl (range: 2.3–4.9). Total calcium, albumin 

corrected calcium, and ionized calcium had a significant negative 

correlation with IS with r = í0.578, í0.5396, and í 0.5335. Pearson’s 

correlation coefficient for serum albumin and IS was not statistically 

significant (r = í0.0463, P = 0.7226). Finally the author concluded that 

total, corrected, and ionized calcium had a statistically negative significant 

correlation with IS in ischemic stroke and from that conclusion, it was 
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suggested that serum calcium can be used to prognosticate ischemic stroke 

as it directly correlates with the IS.  

 “Clinico-radiological correlation between serum calcium and 

acute ischemic stroke” was the observational study conducted by Gaurav 

M Kasundra, IshaSood, et.,al…In this study the author stated that Higher 

Ca is associated with better prognosis and recovery after acute ischemic 

stroke (except in posterior circulation strokes), and higher Ca and corrected 

calciumare both associated with smaller size of infarcts. Serum Ca had a 

significant correlation with NIHSS at admission, NIHSS after 1 week, 

change in NIHSS, BI, and IS (r-values: í0.3915, í0.4473, 0.2986, 0.5267, 

and í0.4256, respectively) according to the Ca had significant (P < 0.05) 

correlation with NIHSS (admission) and highly significant (P < 0.001) 

correlation with BI. Among all patients, correlation of Ca with NIHSS was 

stronger after  1 week (r-value: í0.4473; P-value: 0.0011) than at admission 

(r-value: í0.3915; P-value: 0.0048).  It was also found the serum calcium 

levels to have a better correlation, when compared to the corrected calcium 

level. Cca had a significant (P < 0.05) correlation only with BI among all 

patients and the anterior circulation stroke subgroups and none of the other 

stroke subgroups or with NIHSS in any of the groups or subgroups 

analysed.  
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From these inferences the author concluded the study stating that 

serum calcium level, and not albumin-corrected calcium level, has a 

significant positive correlation with early (1 week post-stroke) recovery 

after acute ischemic stroke.  

 Serum calcium in acute ischemic stroke: correlation with stroke 

severity and outcome, the study done by Marwa Mohammed Ghanem 

and ThaKamelAloush. It was a cross sectional study done with the main 

aim to correlate the serum calcium level on one hand and the size of 

infarction and the stroke outcome The study results showed that serum 

calcium values were found to decrease in patients with cerebral infarction, 

higher serum calcium levels both early and late were associated with 

smaller cerebral infarct volume on DWI and that an inverse correlation is 

there between late serum calcium level and stroke outcome; and this puts 

a highlight question on the role of both calcium compounds and calcium 

antagonists in ischemic brain injury.  

Agus Suryawan, AABN Nuartha, et al. did a study titled“Low 

adjusted serum calcium level as a predictor of poor outcome in patient 

with acute ischemic stroke”. It was a prospective cohort study with the 

main aim of determining whether calcium can be used as a predictor of 

poor outcome in patients with acute ischemic stroke. NIHSS score was 

used. Chi square was used for analysis. The study showed that the lower 
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the  adjusted serum calcium levels, it was accompanied by poor outcome 

with RR-3.2, 95% CI = 1.34 to 7.62,p-value 0.00. Multivariate analysis 

done revealed serum calcium as an independent predictor of poor outcome 

in patients with acute ischemic stroke. From all these inferences, author 

concluded that low adjusted serum calcium was an independent predictor 

of poor outcome in patients with acute ischemic stroke.  

Bruce Ovbiagele et al in their study “Serum calcium as 

prognosticator ischemic stroke” with the aim to find the impact of both 

early and delayed calcium levels on the clinical outcome following acute 

ischemic stroke found that there was a weak correlation of early calcium 

with baseline NIHSS score, but a stronger correlation was found between 

delayed calcium levels and NIHSS score. They concluded that elevated 72 

– 96hr serum calcium levels predicted greater independence 3 months after 

ischemic stroke. 

Guven et al in their study titled “Association of serum calcium 

levels with the clinical severity of acute ischemic stroke” investigated 

the effect of serum calcium on the clinical presentation of acute ischemic 

stroke. They found that patients with lower serum calcium levels had a 

more severe clinical presentation on admission. 

Abha Gupta et al in their study “Correlation of serum acute 

ischemic stroke patients” wanted to study the role of serum calcium 
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levels in the severity and functional outcome in patients with acute 

ischemic stroke. They found that patients in higher calcium quartiles had 

lesser 24-48 hr stroke severity as compared to those in lower quartiles. 

They concluded that 24-48 hr calcium levels have stronger correlation with 

severity and functional outcome in acute ischemic stroke, hence can be 

taken as a severity and prognostic factor. 

Jong Won Chung et al had a study titled “Elevated calcium after 

acute ischemic stroke: Association with a poor short – term outcome 

and long term mortality”. They found that elevated albumin corrected 

calcium levels had poor short term outcome and greater risk of long term 

mortality after acute ischemic stroke. 

Lal Badshah et al in their study “Correlation between serum 

calcium levels and severity of infarct in patients” assessed the 

correlation between severity of ischemic stroke on NIHSS and calcium 

level in patients with acute ischemic stroke. They found a significant 

negative correlation between serum calcium at 72hrs and NIHSS score 

after 72hrs. They concluded that when the decrease in calcium level is 

more, the stroke will be more severe.   

 

 

 



 
 

 
 
 
 
 
 
 
 
 
 
 

Materials and Methods 
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MATERIALS AND METHODS 

 

SETTING: 

The study was conducted on 100 patients presenting with acute 

ischemic stroke, admitted in Government Rajaji Hospital & Madurai 

Medical College during the study period from June 2018 – June 2019 

 

DESIGN OF THE STUDY: 

Prospective observational study 

 

PERIOD OF STUDY: 

1 year 

 

INCLUSION CRITERIA 

Only patients aged more than 40yrs presenting within 48-72 hours 

of onset of stroke and diagnosed as acute ischemic cerebrovascular stroke 

with clinical examination & confirmed by a computed tomography scan 

 

EXCLUSION CRITERIA 

1. Age < 40yrs 

2. Haemorrhagic stroke, sub-arachnoid haemorrhage, cerebral venous sinus 

thrombosis, posterior circulation stroke 

3. Patients with hepatic or renal disease, known malignancy, pancreatitis 

4. Patients on calcium supplements 

5. Recurrent stroke 



49 
 

DATA COLLECTION: 

 Informed consent was  obtained from all patients/attenders enrolled 

for the study. In all the patients relevant information was collected in a 

predesigned proforma. The patients are selected based on clinical 

examinations and biochemical tests. 

LABORATORY INVESTIGATIONS 

1. COMPLETE BLOOD COUNT 

2. RENAL FUNCTION TESTS 

3. LIVER FUNCTION TESTS 

4. SERUM CALCIUM 

5. CT BRAIN 
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COLLABORATING DEPARTMENTS 

1. DEPARTMENT OF RADIOLOGY 

2. DEPARTMENT OF BIOCHEMISTRY 

  ETHICAL CLEARANCE: Applied for  

  CONSENT: Individual written and informed consent. 

ANALYSIS: Statistical analysis performed using appropriate tests as 

required according to data. 
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CONFLICT OF INTEREST: NIL 

FINANCIAL SUPPORT:  SELF 

PARTICIPANTS: 100 patients of age more than 40 years, who presented 

with symptoms of stroke to GRH Madurai during the study period, who 

fulfilled the inclusion criteria with diagnosis of acute ischemic stroke 

confirmed by emergency CT scan of brain. 

STUDY TOOL:   

     Questionnaire with the socio demographic factors and the 

standardized questionnaire for analysing the level of calcium in ischemic 

stroke.  

STUDY METHOD:  

100 patients who were diagnosed have acute ischemic stroke 

confirmed by CT were selected for study by simple random method. Data 

was collected using a standardized questionnaire either from the patient or 

the patient’s attender. General examination, clinical examination and 

neurological examination was done. The routine blood investigations such 

as complete blood count, renal function test, Liver function test, serum 

proteins were done for the selected patients. CT was done for confirmation 

of diagnosis. All the data inferred were recorded in the standard proforma. 
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Serum calcium levels on admission was obtained. The value obtained is 

correlated with NIHSS score after calculating the National Institute of 

Health Stroke Scale. Volume of the infarct was calculated based on the 

formula ABC/2. A – longest measurement, B – longest measurement 

perpendicular to A, C – number of slices with the infarct. The patients were 

treated with standardiazed protocols. No participant in the study was 

thrombolysed. 

STATISTICAL ANALYSIS:  

 The data collected was entered in MS-EXCEL and coding was done 

for statistical analysis. The statistical analysis was done using the SPSS 

software version16. Multivariate analysis, Pearson correlation analysis and 

chi –square test was applied for significance . p value <0.05 is considered 

as significant. The results are represented in the form of  frequency tables, 

graphs and figures.  

ETHICAL CONSIDERATION:  

  The study was conducted after obtaining the ethical approval from 

the institutional ethical committee of Madurai medical college. The aim 

and objective of the study and the purpose of the study, mentioning that the 

details shared will be kept confidential were included in the informed 

consent. The details are kept confidential.  
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OPERATIONAL DEFINITIONS   

HYPERTENSION:  

        The risk of stroke is increased four to six times in those with 

hypertension. Hypertension promotes the atheroma formation in all sized 

vessels of brain, hypertension is considered as important risk factor for the 

occurrence of stroke. Treatment of hypertension results in decreased 

incidence of stroke. 

DIABETES:  

         Diabetic individuals are three times more prone for development of 

stroke than non-diabetic. Diabetes also promotes the atheroma formation, 

thereby increasing the rate of occlusion of intracranial arteries. Impaired 

glucose tolerance may be a risk factor and elevated glycosylated 

haemoglobin may be found in up to 42% patients with cerebral infarcts not 

previously known to have diabetes, hence screening for diabetes is 

important. 

SMOKING:  

         Smoking increases the stroke risk by two times. Smoking causes 

vasoconstriction, increases fibrinogen concentration, causes 

polycythaemia, reduces aggregation of platelets, all these contributes to the 
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occurrence of stroke. There is a dose response relationship, the risk 

doubling in the heaviest of smokers. In the Framingham study, smoking 

cessation removed the additional risk of stroke within 2 years of stopping.  

ALCOHOL:  

      High Alcohol intake is associated with increased risk of stroke. There 

is evidence that sudden binge drinking can cause acute strokes. Intake of 

small amounts of alcohol is said to have some protective effects. Heavy 

drinkers who consume180 – 400 g/week are at an increased risk.  

NIHSS SCORE  

           NIHSS scoring was made based on the clinical parameters. In this 

study, patients with a score of 1- 4 were considered as MILD stroke, score 

5-15 were considered as MODERATE stroke, score >15 were considered 

to have SEVERE stroke. 

 

 

 

 

 

 

 

 



 
 

 
 
 
 
 
 
 
 
 
 
 
Results and Interpretation 
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RESULTS 

 

 

Table 1 

 

 

Figure 1 

 

 

There were 35 females and 65 males in the study, a total of 100 

study population. 

The mean age of the sample was 62.37+/-9.43 with mean age of 

males being 62.07 and females being 62.91. fig.1 

 

Parameters 

Male Female 

Mean Std. Deviation Mean 
Std. 

Deviation 

Age (yrs) 62.07 10.19 62.91 7.93 
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Figure 2 

 
Of the 100 people 34(64.1%) males and19(35.4%) females 

had diabetes mellitus.  

 

Figure 3 

 

 
31 (59.6%) males and 21 (40.3%) females had hypertension.  
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Figure 4 

 
 

25(64.1%) males and 14 (35.9%) females had CAD. 

 

Figure 5 

 

Among the males 37 were smokers and 39 were alcoholics. Females 

in the study denied any addictions. 
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Figure 6 

 

 

The mean serum calcium(mg/dL) was 8.91±0.49 and 9.027±0.46 in 

males and 8.697±0.44 in females. 
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Figure 7 

AGE WISE DISTRIBUTION OF CALCIUM 

LEVELS. 

 

 

 

56 of the population had hypocalcemia(<9) and 44 had normal 

calcium levels (9-11). 
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Figure 8 

 

 

 

74.3% of females had hypocalcemia whereas only 46.20% males 

had hypocalcemia. 
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Table 2 

 

Variables 

Hypo-calcemia 

(< 9 mg/dl) 

Normal calcium level 

(9-10 mg/dl) 

 

(N) (%) (N) (%) 

Age  40- 50 yrs 
6 66.70% 3 33.30% 

51-60 yrs 
24 63.20% 14 36.80% 

61-70 yrs 
18 51.40% 17 48.60% 

71-90 yrs 
8 44.40% 10 55.60% 

 

Figure 9 

 

52.8% of the people with diabetes had hypocalcemia whereas 

51.90% of individuals with hypertension had hypocalcemia. 
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Figure 10 

 

 

 

 

48.6% of smokers had hypocalcemia whereas 48.70% alcoholics 

had hypocalcemia. 
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Table 3 

 MALES FEMALES 

Aphasia 17(45.9%) 20 (54.1%) 

 

Figure 11 

 

 

54.10%(20) of those who had aphasia were females whereas 45.90% 

(17) were males. 
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Figure 12 

 

59% of those with CAD had hypocalcemia while all those who had 

aphasia had hypocalcemia. 

Figure 13 

 

Aphasia showed negative correlation with calcium levels. 
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Figure 14 

 

 

T2DM, systemic hypertension, CAD did not show any correlation 

with serum calcium levels. 
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Table 4 

 

 

MALES FEMALES 

MEAN 
STANDARD 

DEVIATION 
MEAN 

STANDARD 

DEVIATION 

Infarct size (cm3) 26.21 17.68 36.52 17.84 

 

Figure 15 

 

The mean size of infarct in males was 26.71+/-17.68 and 36.52+/- 

17.84cm3 in females. 
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Table 5 

 

MALES FEMALES 

MEAN 
STANDARD 

DEVIATION 
MEAN 

STANDARD 

DEVIATION 

NIHSS score 16.01 10.18 22.68 9.69 

 

Figure 16 

 

The mean NIHSS score was 16.01 with a standard deviation of 10.18 

and 22.68 with standard deviation of 9.69 in females. 
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Figure 17 

 

 

 

Correlation between serum calcium levels with infarct size and 

NIHSS score: 

There was a negative correlation of serum calcium with infarct 

size. That is lower calcium levels were associated with a larger infarct 

volume and vice versa. It was found to be statistically significant with p 

value <0.05. 
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Table 6 

 

 
Serum Calcium(mg/dL) 

r value p value 

Infarct size (cm3) -0.755 0.001* 

NIHSS score -0.823 0.001* 
  

NIHSS = National Institute of Health Stroke Scale, Statistically significant *(P < 0.05) 

Figure 18 

 

 There was a negative correlation of serum calcium levels with 

NIHSS scores. Higher scores were associated with hypocalcemia at 

presentation. It was found to be statistically significant with a p value of 

<0.05. 
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SUMMARY 

 35 females and 65 males participated in the study. The mean age was 

62.01 in females and 62.91 in males. 53% of the sample had diabetes and 

52% had hypertension. 37% were smokers and 39% were alcoholics and 

all of them were males. 

Mean calcium was 8.91mg/dl with females having lower mean 

8.6mg/dl and males with 9.027. Females had lower calcium levels with p 

value of <0.05, thus statistically significant. 

No correlation was found between risk factors like diabetes, 

hypertension and CAD with calcium levels. Similarly no correlation was 

found between serum calcium levels and smoking and alcoholism. 

54% of aphasic population were females with the rest of them that 

is 45% males. Aphasia was found with lower serum calcium levels. A 

negative correlation was found between aphasia and calcium levels with a 

p value <0.05 which was significant. 

The mean size of infarct was 26.21cm3 in males and 36.52cm3 in 

females with females having severe infarcts on the basis of size with a p 

value <0.05 which was statistically significant. 
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There was a negative correlation found between serum calcium 

levels and infarct size with a p value < 0.05 which was statistically 

significant. The severity of stroke was more with lower calcium levels. 

The mean NIHSS score 18.35 with males having a mean of 16.01 

and females 22.68. There was a negative correlation between serum 

calcium levels and NIHSS score, that is higher the NIHSS score, they had 

lower serum calcium levels. In other words more severe the stroke, lesser 

calcium levels they had.   

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 
 
 
 
 
 
 
 
 
 

Discussion 
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DISCUSSION 

 Stroke is one of the leading cause of mortality and morbidity. The 

severity of stroke can be assessed by thorough clinical examination, 

imaging studies and by certain biochemical markers.  

We had 100 individuals who participated in this study with 35 of 

them females and 65 of them males. So we had more males than females 

with stroke in our study. The mean age was 62, same in each gender. 

Individuals aged from 45years to 90 years in our study. 

Our mean serum calcium was 8.9mg/dL. It was slighltly lower than 

the normal range. When it came to gender distribution, females had lower 

mean serum calcium 8.6mg/dL when compared to males 9.0mg/dL. We 

had more females with hypocalcemia compared to males. In a study 

conducted by Meghnah Borah et al , they found no significant difference 

in calcium levels between men and women.  

We divided the sample into those with hypocalcemia as those having 

below 9mg/dL and those above 9mg/dL. These groups were compared with 

demographic factors such as age, gender, risk factors like diabetes, 

hypertension, CAD and addictive behaviour like alcohol and smoking. 

Also we compared serum calcium levels with the size of infarct and NIHSS 

score and aphasia on admission. We could not find any association between 
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factors like age, diabetes, hypertension, CAD, alcohol and smoking with 

serum calcium levels.  

We could find significant negative correlation of serum calcium 

levels on admission with infarct size, NIHSS score and presence of aphasia 

in our patients. When serum calcium was compared with infarct size we 

found a negative correlation with Pearson coefficient r of -0.755 with a p 

value <0.05 which was statistically significant. When we compared serum 

calcium levels with NIHSS score on admission, we found a negative 

correlation with r value -0.823 with p value <0.05 which was statistically 

significant. Similar association was found between serum calcium levels 

and the presence of aphasia.  

Similar to our study Meghnah Borah et al in their study had found 

a negative correlation between serum calcium levels and infarct size. They 

suggested that those with large infarct size would have lesser serum 

calcium levels. The exact mechanism behind this is still not clear.  

Another study by Muhammed Ishfaq et al found a negative 

correlation between serum calcium levels and NIHSS score.they measured 

the calcium levels within 48-72hrs of presentation. In contrast we 

measured the calcium levels when the patient presented to the hospital. 

Some people had delay coming to hospital. Hence we could not really 

group people as within any time period. But all the patients were having 
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acute ischemic stroke. The serum calcium levels in our study had similar 

distribution as in this study. The probable reason they had given was that 

majority were from lower to middle socio economic group with poor 

nutritional status. This can be the reason in our study population also.  

Similarly two other studies one by Guven et al and another by 

Ovbiagele et al had found that lower serum calcium levels were associated 

with more severity of stroke. 

In the study conducted by Abha Gupta et al found that patients with 

high calcium had significantly less severity of the stroke and during follow 

up after 7 days had better prognosis when compared to the people with 

lower levels of calcium, which was statistically significant(p-value 0.01). 

The level of calcium is found to be less in transient ischaemic attack 

and more lower in ischemic cerebral infarction than TIA. It is probably due 

to intracellular influx during acute stroke. Influx of calcium causes 

potassium channels to open and there by closing calcium channels. Also 

the influx of calcium causes activation of a calcium sensitive protein 

phosphorylase calcineurin which dephosphorylates the channel, thereby 

inactivating it. A  rise in extracellular calcium is due to a decrease in the 

extracellular space resulting in cytotoxic oedema. 

Depolarization of nerve terminals will cause a calcium influx along 

an electrochemical gradient and the consequent rise in intra-cellular 
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calcium leads to neurotransmitter release. Much of the calcium that enters 

must have to be re-distributed within the nerve-terminals i.e. Calcium is 

transiently sequestered so that the calcium concentration inside declines to 

a normal level. Later when the calcium is pumped out, it is released from 

these sequestered areas. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 
 
 
 
 
 
 
 
 
 

Conclusion 
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CONCLUSION 

 In this study, there were patients within the age group 45 -90 yrs 

which is similar to the general population having maximum burden of 

stroke. It was found that females had a lower serum calcium levels when 

compared to males. The sample group as a whole had serum calcium levels 

in the lower range, probably it can be attributed to the socioeconomic 

factors also.  

 There was no statistically significant association between serum 

calcium levels and age, diabetes, hypertension, CAD, alcohol intake and 

smoking.  

The major findings in this study were with respect to serum calcium 

and infarct size, serum calcium and NIHSS score. It was found that 

statistically significant negative correlation between serum calcium levels 

and infarct size. There was a statistically significant negative correlation 

between serum calcium and NIHSS scores on admission and also a 

negative correlation between serum calcium levels on admission and 

presence of aphasia.  

From this study, the conclusion drawn is that patients with lower 

serum calcium levels on admission had a much severe stroke with respect 

to infarct size and NIHSS score. So a low serum calcium levels on 

admission can be considered to be poor prognostic marker in acute 

ischemic stroke. 



 
 

 
 
 
 
 
 
 
 
 
 
 

Limitation 
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LIMITATIONS 

 

1. The study had a small sample size 

2. Serum calcium was measured when the individuals presented to the 

hospital. Majority of the patients came after some time gap which 

was not quantified. 

3. There might have been people with unrecognized malignancies who 

had low calcium levels. 

4. We did not repeat the serum calcium levels. 
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RECOMMENDATIONS 

 

 More studies are required with large sample size and serum 

calcium measured at specified intervals which might give us more 

information regarding the role of calcium and the exact pathophysiology 

of stroke. 
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PROFORMA 

Name: 

Age / Sex: 

Occupation: 

IP No. 

Ward/Unit 

Presenting complaints: 

 

 

Past History: 

H/o DM, HT, CKD, CLD, CAD, PANCREATITIS, CVA 

 

Clinical Examination: 

General Examination: 

Consciousness,  

Pallor,  

Jaundice,  

Clubbing,  



Lymphadenopathy,  

Hydration status, 

Pedal edema 

 

Vitals: 

PR 

Bp 

RR 

SpO2 

Systemic examination: 

CVS: 

RS: 

ABDOMEN: 

CNS:  

NIH STROKE SCALE 

 

 



Laboratory investigation 

1. Complete blood count 

2.  Renal function test 

3.  Liver function test 

4.  Lipid profile 

5.  Urine routine 

6.  CT Brain 

7.  Serum calcium 

8.  Serum proteins 

 

 

 

 

 

 

 

 

 

 

 



 

ஆராய்சச்ி ஒப்புதல் படிவம் 

 

பபயர:்      தததி:  

வயது:           

த ாயாளிஎண்:       

ஆராய்சச்ிதசரக்்ககஎண்:  

  

இ ்த ஆராய்சச்ியின் விவரங்களும் அதன் த ாக்கங்களும் 

முழுகமயாக எனக்கு விளக்கபட்டது.  

 எனக்கு விளக்கபட்ட விஷயங்ககள  ான் புரி ்துபகாண்டு 

எனது முழுமனதுடன் சம்மதிக்கிதேன். 

 இ ்த ஆராய்சச்ியில் பிேரின்  ிரப் ்தமின்றி என் பசா ்த 

விருப்பத்தின் தபரில்தான் பங்கு பபறுகிதேன் மே்றும்  ான் இ ்த 

ஆராய்சச்ியில் இரு ்து எ ்த த ரமும் பின்வாங்கலாம் என்றும் 

அதனால் எ ்த பாதிப்பும் எனக்கு ஏே்படாது என்பகதயும் புரி ்து 

பகாண்தடன்.  

 ான் என்னுகடய சுய ிகனவுடன் மே்றும் முழு 

சுத ்திரதத்ுடன் இ ்த மருத்துவ ஆராய்சச்ியில் பங்குபகாள்ள 

சம்மதிக்கிதேன். 
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MASTER CHART 

NAME AGE SEX T2DM HT CAD SMOKING ALCOHOL SERUM 

CALCIUM 

(mg/dL) 

INFARCT 

SIZE(cm3) 

NIHSS 

SCORE 

APHASIA  

THANGAVEL 57 M Y N N Y N 8.2 84 38 Y 

UPENDRAN 70 M Y Y Y N N 8.5 63 34 Y 

DURAIPANDI 62 M N N N N Y 8.3 84 34 N 

MOKKAIYA 52 M Y N N N N 10 12 7 N 

SUBRAMANI 67 M N Y Y Y Y 9.6 25 7 N 

RAMAIAH 50 M N Y N Y Y 8.4 66 32 Y 

RAMU 69 M Y Y N N N 8.7 32 28 Y 

SEVUKAN 75 M N N N N N 9.2 18 16 N 

POONGODI 63 F Y N N N N 9.5 23 15 N 

FATHIMA 64 F Y N Y N N 8.4 54 26 Y 

MEENAKSHI 75 F Y Y N N N 8.9 24 16 N 

LAXMI 52 F N Y Y N N 9.1 13 5 N 

BALAKRISHNA

N 

58 M N Y N Y N 10 16 6 N 

SUBBIAH 49 M Y N Y N Y 9.5 20 12 N 

PANDI 46 M N N N Y Y 8.6 27 24 N 

PARVATHI 55 F N Y N N N 8.7 45 28 Y 



MARY 80 F Y N N N N 8.3 60 32 Y 

PANDIARAJAN 63 M N Y N N N 9.1 24 20 N 

SEVUKAPANDI 69 M N Y Y N Y 9.3 12 15 N 

SIVAKAMI 59 F Y N N N N 8.8 36 18 N 

MUTHU 71 M Y N N Y N 9.5 14 5 N 

BOOMINATHAN 80 M Y N Y Y Y 9 22 10 N 

VIJAYAN 48 M N Y N Y Y 8.5 48 30 Y 

KARUPPAIAH 56 M Y N N Y N 8.2 60 34 Y 

RAMANATHAN 54 M N Y Y N Y 8.7 42 32 Y 

RASU 58 M N Y N Y Y 9.5 12 6 N 

POTHUMPONNU 61 F Y N N N N 10 14 7 N 

MUNEESWARI 64 F Y N N N N 8.3 75 38 Y 

MUTHIAH 69 M N Y Y Y Y 9.5 24 12 N 

THANGAM  72 M Y Y N N N 9.2 12 10 N 

MALAR 58 F Y Y Y N N 8.3 60 34 Y 

LAKSHMI 51 F N N N N N 8.5 32 25 Y 

DEVI 56 F Y Y Y N N 8.2 72 34 Y 

SUBBU 62 M N Y N Y Y 8.9 12 6 N 

MEENA 60 F N Y N N N 8.6 30 28 N 

MANI 70 M Y N Y Y Y 9.6 7.5 8 N 



KASI 53 M N Y N Y Y 9.5 9 15 N 

LOGANATHAN 59 M Y N N Y N 8.8 27 20 N 

BHOOMI 57 M N Y N Y N 8.6 42 26 Y 

SWAMISWARAN 67 M N Y Y N Y 9.7 24 7 N 

ABDULLA 58 M N N N N N 9.3 12 6 N 

RAJU 62 M Y Y N N Y 10 15 4 N 

RAMAN 61 M Y Y N Y Y 9.2 12 4 N 

EASWARI 58 F N Y Y N N 8.6 48 29 Y 

MARI 66 F N Y N N N 8.7 60 34 Y 

MUNIYAMMAL 62 F Y N N N N 8.2 50.4 36 Y 

HARIHARAN 55 M Y Y N Y Y 9 30 18 N 

JANARDHANAN 45 M Y N N Y Y 8.9 50 38 Y 

SUMAN 79 M Y N N Y Y 9 21.5 15 N 

ARUL 

NJANASHEKHA

R 

76 M Y N Y N N 8.3 54 30 Y 

SEENIVASAN 58 M N N Y N Y 8.9 24 12 N 

MANIMOZHI 56 F N Y Y N N 9.3 27 16 N 

VASUMATHI 59 F Y Y N N N 9.4 21 18 N 

MOOKAMMAL 62 F Y N Y N N 8.3 39 30 Y 



RAMACHANDR

AN 

53 M N N Y Y Y 8.8 26 24 Y 

KARUPPASAMY 68 M Y Y N N N 9.1 22 16 N 

BALAKRISHNA

N 

69 M N Y N Y N 9.5 13 5 N 

MARI 54 F Y N Y N N 8.5 37 25 Y 

MANIKANDAN 50 M Y Y N N N 9.6 13 4 N 

KESAVAN 48 M N N Y Y Y 9.3 15 7 N 

PALSAMY 67 M N Y N N Y 9.2 22 15 N 

SEENITHAI 66 F N N Y N N 8.2 63 38 Y 

PONNARASU 63 M Y Y N N Y 8.7 31 26 Y 

SEENIYAMMAL 83 F N Y N N N 8.3 56 32 Y 

MUTHAMMAL 72 F Y N Y N N 9 20 18 N 

KARUPPAN 59 M Y N N Y Y 8.8 24 18 Y 

KRISHNAN 80 M Y N Y Y Y 8.6 21 22 N 

SUBRAMANIUM 73 M N N N Y N 9.5 18 5 N 

BALAJI 62 M Y Y Y N N 10 7 5 N 

BABY 55 F N Y N N N 8.4 30 20 Y 

LEELAVATHI 68 F Y Y N N N 8.7 19 18 Y 

LALITHA 53 F Y Y N N N 9 18 6 N 

ANANDAM 46 M Y N Y Y Y 8.7 24 18 N 



CHINNAPONNU 67 F N N Y N N 8.6 24 18 N 

RAVI 52 M Y Y N N Y 9 13 6 N 

CHANDRAN 65 M Y N Y Y Y 8.8 22 15 N 

PANDI 76 M N Y Y Y Y 8.4 42 23 Y 

SOMASUNDARA

M 

90 M Y N Y Y Y 9 12 10 N 

ILANGO 60 M N Y N N N 8.2 63 28 N 

VELMURUGAN 54 M N N Y N N 8.7 30 22 Y 

SHANMUGAM 59 M N Y N N N 9.2 13 8 N 

SHANTHAMMA

L 

66 F Y Y N N N 8.8 21 14 N 

LOKESHWARI 52 F N Y N N N 8.6 31 26 Y 

IRULAYI 70 F N Y Y N N 9 18 12 N 

RADHAKRISHN

AN 

47 M Y N Y Y Y 8.4 38 24 N 

CHINNADEVAR 56 M Y N N Y Y 9 15 5 N 

SARASWATHI 62 F Y Y N N N 8.5 26 19 N 

SEENIYAMMAL 70 F N Y N N N 8.3 54 29 Y 

MURUGAN 55 M N Y N Y Y 8.8 21 30 Y 

MAYILVAHANA

M 

54 M Y N N Y N 8.9 18 8 N 

SIVAM 76 M Y N N N N 9 15 8 N 



NARAYANAN 82 M N N Y N Y 8.9 18 16 N 

ARUMUGAM 69 M N N Y N N 8.6 26 22 Y 

POONCHOLAI 60 F N Y N N N 8.3 37 28 Y 

FIROZ KHAN 73 M Y N N Y N 9 13 5 N 

SALIM 62 M Y N Y Y Y 9.4 13 4 N 

SHANMUGATH

AMMAL 

69 F N Y Y N N 9.6 11 2 N 

BALAN 58 M N Y Y N Y 8.9 27 18 N 

MUNEESWARI 74 F Y N Y N N 8.5 30 20 Y 

GANESHAN 52 M Y N N Y Y 9.6 12 3 N 

 


