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SYNOPSIS 

BACKGROUND AND PURPOSE 

Around 16-21% of ischemic strokes are embolic strokes from undetermined 

source(ESUS). Among those with ESUS, annual recurrence is reported in 4.5-5%. 

Regarding ESUS, studies from India are limited. Here we studied the prevalence of 

Embolic stroke of undetermined source among stroke subtypes, 1 year outcome and 

recurrence rate and their predictors 

MATERIALS AND METHODS 

Ours is a single centre retro-prospective study. Patients above 18 years of age with 

diagnosis of  Cryptogenic ESUS strokes were taken from 1/1/2017-31/12/2020(4 years) 

and were followed up till 31/12/2021. All patients underwent  neuroimaging CT/MRI 

with angiography, ECG, 2Decho, blood investigations andTransesophageal  Echo and 

holter in select cases. Functional outcome was measured using modified Rankin scale 

with score 2 or below taken as good outcome.  

RESULTS 

We had 234 people satisfying criteria for ESUS over the 4 year study period with a 

mean age 58.2 ± 12.8. 22.6 % had vertebrobasilar strokes. 46 patients had past history 

of stroke/TIA at admission.. Analyzing the infarct pattern,34.6% had multiple embolic 

pattern followed bysuperficial watershed infarcts(29.5%), and internal border zone 

infarcts(22.6%). 12 lead ECG showed atrial ectopics in 7.2% and9.6% had LVH. Holter 

monitoring showed supraventricular ectopics in 8.3% followed by ventricular ectopics 

in 6.2%, ,. 4.2% had mild left atrial enlargement. LV systolic dimension was 30-60 in 

44%, While LV diastolic dimension was normal for 98.6%. 26 patients (11.3%) had 

recurrence of vascular events during hospital stay. On followup of 1 year, 8.2% cases 

had recurrence of stroke on ipsilateral side. 3.8% had stroke in other vascular territories 

and 2.7% had cardiac events. There was significant correlation between admission 

blood sugars, total cholestrol, LDL, MRS at discharge, DM, HTN, CAD, PVOD and 

imaging pattern with recurrence of events at 1 year.  

CONCLUSION 

We found the prevalence of ESUS to be 11.21 %. Admission blood sugars, total 

cholesterol, LDL, MRS at discharge, Diabetes Mellitus, Hypertension, Coronary artery 



 

  xii 

disease, Peripheral vascular occlusive disease and superficial watershed pattern or 

chronic infarcts, can be considered as predictors of recurrence of ESUS. 
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1. INTRODUCTION 

15 million people suffer from stroke worldwide each year as per world health organisation. 

Among these, 5 million are permanently disabled and another 5 million dies. (1) Among 

ischemic strokes, 30-40% are cryptogenic stroke while 16-21% account for embolic strokes 

from undetermined source (2-6), which has an annual recurrence risk of 4.5-5% (7-9). 

Etiologies and characteristics of strokes in India are different from those from western countries 

in that stroke and other vascular disease occur at least 1 decade earlier and we have more 

rheumatic and similar cardioembolic etiologies, in comparison to western population. (10,11) 

 

EMBOLIC STROKE OF UNDETERMINED SOURCE (2, 12) 

• Embolic stroke of undetermined source (ESUS) is a subtype of ischemic stroke with an 

unknown source. It is a non-lacunar infarct without proximal arterial stenosis or cardioembolic 

sources.  

• Diagnostic criteria for ESUS is as follows:  

 Stroke that is not lacunar which is detected by CT or MRI  

 Absence of 50% luminal stenosis in extracranial or intracranial arteries supplying the 

area of ischaemia  

 No major-risk cardioembolic source of embolism  

 No other specific cause of stroke identified (e.g., migraine/vasospasm, arteritis, drug 

misuse, dissection.)  

 

Patients with ESUS include a heterogeneous group of patients with an occult embolic source 

of stroke. These patients include individuals with ESUS related to aortic arch plaque, 

undetected paroxysmal AF, ESUS related to cardiac valves, ESUS due to patent foramen ovale 

or related to occult cancer (13-15).  On embolic stroke of undetermined source, studies in India 

are limited. Hence we performed this study to find out the prevalence of ESUS among our 

hospital cohort of acute ischemic stroke and identify the predictors of outcome and recurrence 

risks at 1 year. 
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2. REVIEW OF LITERATURE 

TOAST classification is used for classification of ischemic stroke based on the etiology of the 

stroke. This is as follows(16). 

1. Large artery atherosclerosis 

       This can be extracranial or intracranial disease 

2. Small artery occlusion (lacunar) 

3. Cardioembolism 

4. Other demonstrated cause 

       Prothrombotic disorders 

       Nonatherosclerotic vasculopathies 

5. Undetermined cause (cryptogenic) 

       ≥2 conflicting causes found 

       Diagnostic studies were negative 

       Incomplete evaluation for cause 

The TOAST definition as stroke of undetermined cause, or cryptogenic stroke: includes three 

circumstances : the diagnostic assessment is incomplete, no cause can be found despite 

extensive investigations, or, most likely, a cause cannot be established because more than one 

cause is there (17). 

ESUS is a non-lacunar infarct which is subcortical with a size of  ≤1.5 cm on CT or ≤2.0 cm 

on MRI. The following should be excluded before labelling as ESUS: >50% luminal stenosis  

in extracranial or intracranial arteries supplying the ischemic region, major cardioembolic 

sources and other specific cause of stroke (e.g., dissection, arteritis, migraine/vasospasm). 

Major cardioembolic sources include permanent or paroxysmal atrial fibrillation (AF), 

sustained atrial flutter, atrial myxoma or other cardiac tumors, prosthetic valve, intracardiac 

thrombus, left ventricular (LV) ejection fraction <30%, mitral stenosis, myocardial infarction 

within the past 4 weeks, valvular vegetation’s or infective endocarditis (15 ) 

In 2014, the context of “embolic stroke of undetermined source” (ESUS) was introduced. It 

was mainly to identify patients with nonlacunar cryptogenic ischemic strokes for whom the 

likely stroke mechanism is embolism. Patients with ESUS are a subset of cryptogenic stroke 

with embolic strokes and sufficient investigations were done to exclude other etiologies (12). 

Percentage of ESUS among ischemic stroke varies between 7% to 42% in the various studies 

conducted(16).  
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Frequency of ESUS was almost similar globally. Compared to non ESUS patients, ESUS 

patients were having lower frequencies of vascular risk factors and younger age (3, 19,20).   

 

PROPOSED MECHANISMS OF ESUS (3) 

Minor-risk potential cardioembolic sources 

Mitral valve 

• Mitral annular calcification  

• Myxomatous valvulopathy with prolapse 

Aortic valve 

• Calcific aortic valve  

 Aortic valve stenosis 

Left ventricle 

 Endomyocardial fibrosis 

 Global or regional moderate systolic or diastolic dysfunction  

 Ventricular non-compaction 

Atrial structural abnormalities 

• Atrial septal aneurysm 

• Chiari network 

Non-atrial fibrillation atrial dysrhythmias and stasis 

• Episodes of atrial tachycardia 

• Sick-sinus syndrome and atrial asystole 

• Atrial appendage stasis with spontaneous echodensities or reduced flow velocities 

Covert paroxysmal atrial fibrillation 

Arteriogenic emboli 

• Cerebral arterial non-stenotic plaques with ulceration 

• Aortic arch atherosclerotic plaques 

Paradoxical embolism 
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• Patent foramen ovale 

• Atrial septal defect 

• Pulmonary arteriovenous fistula 

Cancer-associated 

• Covert thrombotic endocarditis that is non-bacterial 

• Tumour emboli originating from occult cancer 

CARDIAC SOURCES  

ATRIAL CARDIOPATHY 

The ASSERT study demonstrated the role of atrial fibrillation in stroke. They  monitored 2580 

patients for 2.5 years,  who were more than 65 years with hypertension and without known 

atrial fibrillation who underwent cardiac pacemaker implantation. At 3 months  followup, 

subclinical AF was detected in approximately 10%  and only 15% developed clinical AF. As 

per the study, atrial fibrillation that is subclinical was a predictive factor of ischemic stroke or 

risk of systemic embolism (adjusted hazard ratio 2.50; 95% CI, 1.28–4.89; P = 0.008) 

It was also found that, patients with supraventricular tachycardia were having 2 fold raised risk 

of ischemic stroke when compared to matched controls  with a hazard ratio of 2.10 and 95% 

confidence interval 1.69–2.62. (22). In population-based cohort studies, p-wave dispersion on 

ECG,  was  also associated with embolic strokes. (23, 24) 

Manhattan Stroke Study showed moderate to severe left atrial enlargement  is an associated 

with recurrent embolic stroke and is independent of Atrial fibrillation (23). 

As per various studies, the association between serum NT-proBNP level and ischemic stroke 

risk (especially embolic subtype), was also found to be significant (25,26). SPOTRIAS study 

data showed that in around 65% cases of Crytogenic stroke, biomarkers of atrial cardiopathy 

was present. These  inversely associated with other potential stroke mechanisms such as PFO 

and were associated with vascular risk factors and. (27) 

Odds ratio of finding a PFO is 2.9 times higher in patients with Cryptogenic strokes as 

compared to controls, based on per meta-analysis of 23 studies (28). Characteristics of PFO 

that is associated with higher probability for thromboembolism is studied. Most commonly 

reported is Atrial septal aneurysm, and its incidence is higher among both older and younger 

patients with Cryptogenic strokes(29) Increased risk of recurrent stroke was noticed when 
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excursion of ≥10 mm of the interatrial septum during the cardiac cycle (30).Also, severe left-

to-right shunt and large opening of PFO also been found to be higher risk(31). However, these 

and other anatomic and physiologic findings such as prominent Eustichian valves , Chiari 

network , shunting without Valsalva etc, have inconsistent findings regarding recurrence of 

stroke (30).  

Figure 2.1: RISK OF PARADOXICAL EMBOLISM SCORE 

 

Anticoagulation therapy was more effective than antiplatelet therapy in preventing recurrent 

stroke and/or transient ischemic attack (event rates were 7.7% vs. 9.8%, respectively, p = 0.03). 

But, there was 6 fold increased risk of major bleeding with anticoagulation (7.1 vs. 1.3%; odds 

ratio 6.49, 95% CI, 3.25–12.99, P < 0.00001). PFO closure can reduce stroke /TIA recurrence 

and the risk of bleeding. PFO closure leads to 50% relative risk reduction of stroke and/or TIA 

and 82% relative reduction of major bleeding. (32). 

Trans-thoracic echocardiography (TTE) and trans-esophageal echocardiography (TEE) are  

used to detect thrombi from intra-cardiac sources as a part of workup of stroke (33). TEE should 
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be done in ESUS patients as it has  higher detection rate of valvular abnormalities including 

vegetations, left atrial enlargement , left atrial and ventricular thrombus and aortic arch 

abnormalities (34). For post Myocardial infarction population, to detect source of LV 

thrombus, Cardiac MRI has high specificity greater and sensitivity (34).  

  

In NAVIGATE ESUS trial, average dimension of left atrium was 3.7cm (SD, 0.7), and 26% 

(n=1033) of patients had ipsilateral plaque. About 6% (n=235) had  no ipsilateral plaque, but 

left atrial dimension was ≥4.7 cm and, 24% (n=939) had ipsilateral plaque and no left atrial 

enlargement, and 2.4% (n=94) had both. Patients with ipsilateral plaque were more likely to be 

male, white, from eastern Europe, hypertensive, active tobacco users and  those having 

coronary artery disease. These characteristics in addition to heart failure were more in those 

having left atrial enlargement. Patients with both left atrial enlargement and ipsilateral plaque 

were having higher prevalence of coronary artery disease and heart failure, in addition to older 

age of them.  When used sex-specific definition of left atrial enlargement, it was found that 

24% (n=942) had any left atrial enlargement and no ipsilateral plaque, 17% (n=673) had 

ipsilateral plaque and no left atrial enlargement, and 9% (n=360)  had both. 

 

ARTERIAL CAUSES 

ROLE OF NONSTENOTIC PLAQUES 

Aortic arch atheromas (AAA) with size > 4 mm,  has the greatest risk of stroke (35). Ryoo et 

al. found that vulnerable AAA can be a causative factor for ESUS in 40 of 321 patients. They 

defined clinical and radiological features  of strokes with aortic arch atheroma of which 

predominantly were elderly patients with hypertension and those with multiple, small cortical 

and border zone infarcts. (36) A study conducted by Arun K et al, stated that 15.7% of 

cryptogenic stroke patients were having significant aortic plaques. They found that higher mean 

age (68.3 ± 8.3 vs 54.4 ± 13.2, P = 0.0005) and higher risk factors like hypertension (P = 

0.025), coronary artery disease (CAD)(P = 0.015), and peripheral vascular disease (POVD) 

(P = 0.029), were seen in those with significant plaque.   At 1 year followup recurrent vascular 

events/ death was significantly higher in those with significant plaque (19.4% vs 6.2%, P = 

0.016).  (37) 
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Similar to that of AAA, nonstenotic carotid plaques also have been hypothesized to have an 

independent role in patients with ESUS(38, 39). In the metaanalysis by Singh N et al, it was 

found that, the risk of recurrent stroke/TIA in nonstenotic carotid plaques is not more in the 

presence of highrisk plaque features (40). The importance of ICAD was also studied 

extensively. In the comparison between Indian and US patients, was done by Saraf et al found 

that Indian patients were younger and had more severe strokes compared to US population. 

However,  recurrent strokes were lower in Indian patients which might be because of  greater 

use of dual antiplatelet therapy(41). Recent studies have found that in patients with ESUS, the 

ultrasound detected nonstenotic carotid plaques is inversely associated with both patent 

foramen ovale and markers of atrial cardiopathy. This means that they also can be considered 

as an independent etiology of ESUS (42). 35% of patients in the ESUS Global Registry, had 

one or more minor-risk potential embolic sources which were excluding carotid artery plaques 

(43). Also it was found that nonstenotic plaques were seen in 79% of cases in the cervical 

carotid arteries (43). 

Plaque features can describe high risk nature of it which includes intraplaque hemorrhage, 

plaque neovascularization, fibrous cap thickness, the presence of a lipid-rich necrotic core, 

plaque ulceration, and  plaque inflammatory activity (44). It was also found that type VI 

American Heart Association (AHA) plaques were seen in 37.5% of carotid arteries ipsilateral 

to the ischemic stroke. But there were nil AHA type VI plaques contralateral to the side of  

stroke (45). The most common features that define AHA type VI plaque includes intraplaque 

hemorrhage (75%), fibrous plaque rupture (50%), and luminal thrombus (33%).  In 2015, 

Gupta et al. used MR TOF imaging and found that 22.2% of patients had intraplaque high-

intensity signal (IHIS) ipsilateral to the side of ischemic stroke, while zero patients had IHIS-

positive carotid plaques contralateral to the side of stroke. IHIS is a marker for intraplaque 

hemorrhage, in nonstenosing carotid plaques (46). In 2016, Hyafil et al. combined MRI with 

18F-FDG PET imaging  and investigated the morphological and biological aspects of 

nonstenotic carotid artery plaques in cryptogenic stroke in small series of 18 patients (44).  

Complicated atherosclerotic plaques were seen in approximately 39% of ipsilateral arteries, 

while zero complicated plaques were found in contralateral arteries. Those with at least one 

complicated plaque, had higher18F-FDG uptake in both carotid arteries than in patients with 

no lesions. This shows there is  diffuse inflammatory process associated with that of vulnerable 

plaques(48).  
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Plaque thickness of  > 5 mm were present in 11% cases  ipsilateral to stroke and in 1% cases 

contralateral to stroke. Plaques with thickness > 4 mm were present  in 19% ipsilateral to stroke 

and contralateral in 5% (49). 

In 35% of patients , plaques thickness > 3 mm were seen ipsilateral to stroke and in 15% were 

seen contralateral  to stroke. Ulcerated aortic arch plaques which is covered with thrombi as 

well as cholesterol plaques can act as a nidus for embolism (49).  

The Stroke Prevention in Atrial Fibrillation (SPAF) Echo trial is a meta-analysis of case–

control with postmortem series. They stated that a significant risk of stroke in patients with 

severe AAA with odds of 3.76 and 95% CI, 2.58–5.48 (50). In addition, in patients more than 

55 years of age, AAA was found to be more frequent and relatively higher in severity (50). 

 

Other Arterial Causes 

Under the age of 45 years , cervicocephalic large vessel dissections cause a quarter of strokes 

(51). MRA with T1 fat saturation should be done in patients with suspected dissection as it can 

reveal intramural blood and expansion (52).  

Neuroinfectious causes 

Varicella Zoster Virus (VZV)-related vasculopathy can involve large and small vessels. It can 

cause variety of vascular manifestations including TIA, ischemic strokes,aneurysm formation, 

and intra- parenchymal and subarachnoid hemorrhage (52). In the pediatric population,  VZV 

causes around 40% of transient cerebral arteriopathy and 1/3rd of ischemic arterial strokes(53). 

In addition, within 1 year of infection  by VZV, up to a third of adult may suffer a stroke. 

Zoster- ophthalmicus can cause large vessel unifocal vasculopathy. But, in 

immunocompromised patients it can cause both large and small vessel vasculopathy is seen 

(54). In a study of VZV vasculitis with 30 patients, 97% had abnormal findings in brain MRI 

with the majority of ischemic changes were involving basal ganglia and other deeper structures 

(55) 

 

Other infections like neuroborreliosis, syphilis etc also need to be considered as causes for 

stroke, even though they are rare in patients with ESUS or cryptogenic stroke based on history 

and clinical findings. 
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Hypercoagulable states 

In ischemic stroke, prevalence of hypercoagulable states is 3–21% (55-57). Inherited 

coagulopathies most commonly cause venous thrombosis. Compared to other pro-coagulant 

states, both arterial and venous systems involved in antiphospholipid antibodies and 

homocystienemia. The prevalence of stroke which is due to acquired  and polygenic causes is 

increasing with age, but it is reversed in monogenetic mutations (58). Positivity of the test was 

more in those with age <60, positive family history, recurrent unprovoked venous and arterial 

thrombotic events  and  nil/ minimal traditional vascular risk factors (58). 

Stroke Related to Cancer 

In patients with malignancy ,incidence  of ischemic stroke can be as high as 15%, out of which 

only 50% are identified (59). Several biochemical processes have been suggested  as the 

mechanism for the same.  These include endothelial cell damage due to procoagulant cytokines 

which includes TNF-alpha, IL-1, and IL-6, which leads to vWF release, protein C inhibition, 

platelet activation, release of tissue factors leading to activation of factor VII and X . Also there 

can be change in the homeostatic property of blood and blood vessels which leads to activation 

of cell adhesion molecules by mucin secreted from adenocarcinomas, intravascular 

lymphomatosis. In myeloproliferative disorders, there can be increased viscosity also which 

can lead to hypercoagulation (60,61).   

Trousseau syndrome refers to recurrent / migratory episodes of arterial emboli, venous 

thrombosis, or both in a patient having malignant neoplasm that is underlying spontaneously 

In stroke secondary to cancer, there can be 4 fold increase in multiple territory infarcts. Among 

malignancies, maximum correlation with embolic strokes was found to be gastrointestinal 

cancer (62).  In patients with hypercoagulable state secondary to malignancy, anticoagulation 

therapy is effective and decreases D-dimer levels over time. If the pattern of strokes resembles 

small vessel related infarcts, antiplatelet agents instead of anticoagulation also were used in 

certain studies. However, use of low-molecular Heparin (LMWH) is used for prophylaxis of 

venous thromboembolic events in cancer patients than warfarin (59, 60, 62). 

OTHERS 

Triad of encephalopathy, branch retinal artery occlusion and hearing loss constitutes Susac 

syndromes(63).This occurs more in young women. But the age can range from 7 to 72 years 
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of age (63). Corpus callosum is the commonest site. SLE has a higher risk of stroke with an 

odds ratio of 1.5 (64,65 ).It is seen in  20% of cases. Antiphospholipid antibody syndrome is 

most frequently associated with arterial hypercoagulability, which manifests with 

thrombocytopenia, livedo reticularis (Sneddons syndrome), pre-eclampsia, and still birth (63). 

Other mechanisms of stroke in SLE includes vasculitic mechanisms, libman–Sacks 

endocarditis, elevated homocysteine and accelerated atherosclerosis (65,66). Other 

rheumatological diseases can also affect intracranial or extracranial vessels. These includes 

Giant cell, Takayasu’s arteritis, Kawasaki disease, Polyarteritis nodosa, granulomatosis with 

polyangiits, Sarcoidosis, microscopic polyangiitis, Eosinophilic granulomatosis, Behcets’s and 

Cogan’s syndrome(67). 

HISTOPATHOLOGY 

In ESUS patients, histopathological examination of the thrombi were done. It was found that 

most of thrombi were erythrocyte-rich (13%) or of mixed composition (80%), while platelet-

rich thrombi was present in only 8%. Thrombi extracted from ESUS patients were closely 

resembling cardioembolic clots than noncardioembolic thrombi. (68) 

CLINICAL FEATURES 

As per the previous studies in ESUS, the mean age of ESUS patients was 65 years. Among 

them 58% were males and 42% were females. This shows that ESUS patients are having lower 

age compared to other etiologies. Median NIHSS was 3 (7). In the study conducted Arauz A et 

al, found MRS of 3-6 in 39.6% on discharge  and in 27.5% on followup (69).  

ROLE OF RISK FACTORS 

ESUS Patients has lower traditional risk factors(7).  In the study conducted by Perkins JD et 

al, it was found that Left ventricular wall motion abnormalities and corresponding changes in 

left heart function are a potential source of emboli in these patients.Also,  aortic arch 

atherosclerosis was having potential risk of embolization to brain (70).  

EVALUATION  (71) 

After the clinical examination, MRI or CT brain needs to be done  to know the charcteristics 

and pattern of infarct. Also CT or MR angiogram needs to be done. Care should be given in 

identifying the aortic arch plaques and substenotic plaques in the carotid vessels. Plaque 

characteristics including  plaque thickness, plaque localisation (<1 cm proximal or distal to 
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carotid bifurcation), plaque configuration (eccentric or concentric), echogenicity (hypoechoic, 

isoechoic or hyperechoic) and stenosis grade. Cardiac examination should include 12-lead 

ECG, one day rhythm recording using Holter-ECG or 7 days holter, and a transthoracic 

echocardiogram. Left atrial dimensions, LVH, Ejection fraction, spontaneous echo contrast 

should be looked into. TEE should be done to rule out PFO, vegetations, cardiac thrombus etc, 

if TTE is normal and an underlying cardiac substrate is strongly suspected. ECG parameters 

should be assessed including abnormal P wave terminal force in lead V1 (PTFV1), PR interval, 

LVH criteria. Blood tests should include Serum and plasma samples, including markers of 

inflammation, glycosylated haemoglobin and lipid profile , markers of cardiac congestion (eg, 

N-terminal prohormone of brain natriuretic peptide (NT-proBNP). Vasculitic markers, 

Homocysteine are also needs to be included in the evaluation (71, 72).  

 

FIGURE 2.2: EVALUATION OF ESUS 

 

 

MANAGEMENT 

As per ASA/AHA guidelines 2021, In patients with ESUS, treatment with direct 

oral anticoagulants is not recommended to reduce risk of secondary stroke.  In patients with 

ESUS, treatment with ticagrelor is not recommended to reduce the risk of secondary stroke 
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(71).  This was based on the NAVIGATE ESUS which suggest anticoagulation may benefit in 

patients with left atrial diameter >4.6 cm, but those with PFO did not (72). SOCRATES trial 

(Soluble Guanylate Cyclase Stimulator in Heart Failure Studies) did not find reduced vascular 

event risk with ticagrelor (73).  

In WARSS trial, non-cardioembolic stroke prevention was studied comparing effects of 

warfarin and aspirin, in 2206 subjects. The primary efficacy outcome was recurrent ischemic 

stroke or death. Safety outcome was major bleeding. Both primary and safety outcome were 

similar among both groups(74).  However, warfarin had increased risk of minor bleeding, 

compared to aspirin (warfarin, 20.8%; aspirin, 12.9%; P < 0.001). A Cochrane meta-analysis 

showed that warfarin at any dose was not more beneficial compared to antiplatelet therapy in 

patients with minor stroke or TIA from presumed arterial origin,(75)Also it was found that high 

intensity warfarin treatment had significantly increased risk of bleeding.  

In previous studies, most of the ESUS patients (86%) were on antiplatelet therapy during 

follow-up, and 13% were on oral anticoagulants.  

One study analysed histopathologically the specimens collected from endovascular 

thrombectomy in 145 patients with acute ischemic stroke. They found that the portions of 

thrombus collected from patients with cardioembolic stroke or cryptogenic stroke were similar 

(76).  Another study using Gadolinium MRI showed that patients with ESUS has atrial fibrosis 

similar to those patients who had Atrial fibrillation(77).  Crystal-AF trial, was done to detect 

Atrial fibrillation in patients with cryptogenic stroke, in which  long-term cardiac rhythm 

monitoring  was performed with implanted loop recorder.  AF was detected in 12.4% of 

subjects during 1 year and in 30%, during 3-year follow-up (78). All these studies together 

indicate a strong association between cryptogenic and cardioembolic stroke. This can 

substantiate the statement that anticoagulants might be effective for secondary treatment in 

cryptogenic stroke.  

A total of 7213 ESUS patients over 50 years old were studied in the NAVIGATE ESUS trial. 

They were included between 7 days to 6 months post-stroke (72).  The primary efficacy 

outcome of the study was stroke which can be ischemic or hemorrhagic or systemic embolism. 

Primary safety outcome was major bleeding. The study was predominantly a comparison 

between rivaroxaban (15 mg once daily) and aspirin (100 mg once daily) groups. Due to more 

risk of bleeding with rivaroxaban and lack of benefit with regard to stroke risk, the trial was 

terminated early.  After a followup of 11 months, it was found that, the primary efficacy 

outcome was similar between rivaroxaban and aspirin groups (annualized rate: rivaroxaban, 



 

15 
SCTIMST, Trivandrum 

5.1%; aspirin, 4.8%; P = 0.52). However, rivaroxaban was associated with a higher risk of 

major bleeding (annualized rate: rivaroxaban, 1.8%; aspirin, 0.7%; P < 0.001) (72).  

 

In RE-SPECT ESUS trial, 5390 ESUS patients were enrolled within 6 months post-stroke(9, 

79). This trial was mainly for comparing the safety and efficacy of dabigatran (110 or 150 mg 

twice daily) with aspirin (100 mg once daily). The primary outcome was recurrent stroke while 

primary safety outcome was major bleeding. On a median follow-up of 19 months, it was found 

that both primary efficacy outcome (annualized rate: dabigatran, 4.1%; aspirin, 4.8%; P = 0.1) 

and safety outcome (annualized rate: dabigatran, 1.7%; aspirin, 1.4%; P = 0.3) were similar 

between groups. Thus, NAVIGATE –ESUS and RE-SPECT ESUS trials were of the opinion 

that for stroke prevention, NOACs had similar effect as that of aspirin. But, risk of bleeding 

was increased in NOAC group when compared with aspirin(72,79). 

 

The Crystal-AF trial stated that about one-third of cryptogenic strokes or ESUS have 

paroxysmal atrial fibrillation in a period of  3 years (80). Also, AF detection rate was increased 

to around 50% in those patients with high CHADS2 score ( > 4) (80).  

The HAVOC score has been used for the prediction of AF after cryptogenic stroke or TIA . It 

includes 4 points for congestive heart failure ; 2 points each for hypertension, age > 75, valvular 

heart disease, and coronary artery disease;  1 point each for peripheral vascular disease and 

obesity(80). In the Crystal-AF trial, during follow-up of 1 year, patients having high HAVOC 

score (>=4) had higher risk of Atrial fibrillation than those with low score (0- 1) (80).  

The results of NAVIGATE ESUS and RE-SPECT ESUS showed that anticoagulation is not 

superior to antiplatelet therapy in ESUS. In clinically apparent atherosclerotic disease,  the 

combination of low-dose rivaroxaban and aspirin reduced stroke risk, significantly more than 

aspirin alone , specifically the risk of ESUS and cardioembolic strokes (9,72,79). For long-

term secondary stroke prevention after ESUS, in the subset of patient with left atrial 

enlargement , rivaroxaban was superior to aspirin  but not in the subset of patients with 

ipsilateral nonstenosing plaque (8,9).  

 

PROGNOSIS 

Annual recurrence rate of ESUS varies from 2.3-6.8% (3,20). Patent foramen ovale associated 

young cryptogenic strokes (average age mid-40s) had stroke recurrence rates of 1–2% per year 

when given aspirin. Also  patent foramen ovale associated strokes who are elderly had higher 
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recurrence rate (14% per year in one report). Thus role of other causes in addition to 

paradoxical embolism needs consideration in cases of ESUS. (85) 
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3. AIMS AND OBJECTIVES OF THE STUDY 

 

1) To find out the prevalence of Embolic stroke of undetermined source in patients  

2) To find out 1 year outcome and Annual recurrence rate of ESUS and to identify any 

factors that can predict the outcome and  recurrence in patients with embolic stroke of 

undetermined source 
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4. METHODOLOGY 

STUDY DESIGN  

Single centre retroprospective study  

SUBJECT/PARTICIPANT SELECTION 

• List of patients from medical records with diagnosis of  ESUS / Cryptogenic Stroke 

satisfying the criteria for ESUS was taken from 1/1/2017-31/12/2020 

• Patients were followed up till 31/12/2021 to identify the patients with history of a  

recurrent stroke or Imaging positive Transient Ischemic Attack 

NUMBER:  

• Patients admitted in SCTIMST from 1/1/2017 till 31/12/2020 with diagnosis of acute 

ischemic stroke were 2087. Among them people who  were enrolled in the study was 

234 patients.  

• Prospective arm is included to get adequate samples size 

ELIGIBILITY 

INCLUSION CRITERIA 

• Patients more than 18 years age 

• Patients satisfying the diagnostic criteria of embolic stroke of unknown source 

EXCLUSION CRITERIA 

• Age less than 18 years 

• Patients with known stroke etiologies 

• Patients who are incompletely evaluated 

RECRUITMENT: 

Recruitment of patients was done by the principal investigator and co-principal investigator. 

Hospital records was reviewed for eligibility. All patients who were eligible was recruited for 

the study. 

DATA COLLECTION PROCEDURES 
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• List of patients from medical records with diagnosis of  ESUS / Cryptogenic Stroke 

satisfying the criteria for ESUS was taken from 1/1/2017-31/12/2020 

• Patients were followed up till 31/12/2021 to identify the patients with history of a  

recurrent stroke or Imaging positive Transient Ischemic Attack. If they didn’t come for 

routine follow up, they were contacted via telephone.  

• Consent of patients was obtained for those who were enrolled after the initiation of 

study 

• All the investigations was done as per the standard protocol including Brain imaging 

CT/MRI with angiography, ECG, 2Decho, blood investigations including vasculitic 

markers,   Transesophageal  Echo and 24 hour/7day Holter monitoring (when indicated) 

• No additional investigations were done other than the routine hospital protocol done for 

stroke patients.  

 

DATA ANALYSIS 

• Data collected was analysed using SPSS Version 28. 

• Frequency of outcome and percentage of outcome was calculated 

• Mean, standard deviation for numerical variables and frequency, percentage was 

calculated for categorical variable 

• Mean comparison, cross tabulation was used to explore relationships among the 

available data 

• T test was be used for testing mean comparison and Chi square test for testing 

association 
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5. RESULTS 

We had 234 patients with diagnosis Cryptogenic Stroke satisfying the criteria for ESUS from 

a cohort of 2087 Acute Ischemic Stroke admitted and evaluated in stroke unit from 1/1/2017-

31/12/2020 (11.21% ), who were followed up for a minimum duration of 1 year. 

 

1. COHORT CHARACTERISTICS 

Mean age of the cohort was 58.2 ± 12.8.  126 were below 60 years while 108 people were more 

than 60 years.  

FIGURE 5.1: AGE OF PATIENTS 

 

In our study, there were 157 males and 77 females  
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FIGURE 5.2: GENDER  

 

 

Risk factor profile  

Among the subjects, 64.1% had hypertension, 52.6% had diabetes, 28.6% had dyslipidemia, 

17.1 % had coronary artery disease. 7.7% had PCI and 4.7% had CABG. 5.1 % had PVOD.  

TABLE 5.1: COMORBIDITIES 

 Comorbidities Frequency  Percent 

DM 123 52.6 

HTN 150 64.1 

DYSLIPIDEMIA 67 28.6 

CAD 40 17.1 

 

TABLE 5.2: SMOKING  

SMOKING Frequency  Percent 

Current smoker 41 17.5 

Non smoker 176 75.2 

Ex smoker 17 7.3 

Total 234 100 

17.5 % were smokers and 7.3% were reformed smokers while 75.2% were non smokers.  

Male
67.1%

Female
32.9%

GENDER
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TABLE 5.3: ALCOHOLISM 

Alcohol Frequency  Percent 

Current 42 17.9 

Non alcoholic 182 77.8 

Stopped 10 4.3 

Total 234 100 

 

TABLE 5.4: CORONARY ARTERY DISEASE 

PCI/CABG Frequency  Percent 

PCI 18 7.7 

CABG 11 4.7 

None 205 87.6 

Total 234 100 

 

TABLE 5.5: PERIPHERAL VASCULAR DISEASE 

POVD Frequency  Percent 

Yes 12 5.1 

No 222 94.9 

Total 234 100 

 

 

Territory involved : 33.3 % had right MCA strokes and 41.9% had left MCA strokes while 

2.1 were bilateral and 22.6 % were vertebrobasilar.  
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FIGURE 5.3: HEMISPHERE INVOLVED 

 

46 patients had past history of stroke/TIA, of which 16.7% of total cases had TIA and 3% had 

stroke in the past. Those with past h/o stroke, 19 had left hemispheric, 21 had right 

hemispheric, 4 had vertebrobasilar and 2 had vertebrobasilar with right MCA stroke.  

 

28.2%  had prestroke statin use.  

FIGURE 5.4: PRE STROKE STATIN USE 
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Prestroke antiplatelet use was in 51 patients, of which 42 was on aspirin, while 1 was on 

clopidogrel and 8 were on dual antiplatelets.  

TABLE 5.6: PRESTROKE ANTIPLATELET USE 

Prestroke antiplatelet use Frequency  Percent 

Aspirin 42 17.9 

None 183 78.2 

Clopilet 1 0.4 

Both 8 3.4 

Total 234 100 

 

Admission NIHSS was ranging from 0-32 with a mean of 8.1± 6.9. Based on NIHSS, minor 

strokes with NIHSS less than 4 was the most(in 98 patients), moderate strokes of NIHSS 5-15 

was seen in 92, and severe strokes  with NIHSS >15 were seen in 44 cases only.  

FIGURE 5.5: ADMISSION NIHSS 

  

Time between first symptom and admission was ranging between 0.7 hours to 2160 hours 

with a mean of 102 ± 295 hours.  

TABLLE 5.7: BIOCHEMICAL PARAMETERS 

  N mean ±  sd Range Median IQR 

ON ADMISSION 

98
92

44

< 4 5 TO 15 >15

N
O

, O
F 

P
A

TI
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NIHSS

ADMISSION NIHSS
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Admission blood sugar 224 163.7 ± 72.9 76 - 456 139.5 116 - 181.75 

HBA1C 220 7.5 ± 2.1 4.5 - 14.4 6.7 5.9 - 8.975 

SBP 234 156.2 ± 28.4 96 - 240 150 136 - 180 

DBP 234 88.7 ± 16.1 38 - 150 90 80 - 100 

Fasting Cholesterol 228 185.8 ± 59.7 72 - 399 180.5 145 - 223 

HDL 228 46.7 ± 16.4 14 - 191 45.5 36.25 - 52 

LDL 203 119.7 ± 49.5 13 - 276 118 82 - 152 

TGL 226 106.1 ± 56.6 32 - 418 89 68 - 129.25 

SERUM 

HOMOCYSTEINE 
49 17.7 ± 15.4 4.34 - 75.56 12.83 9.28 - 18.395 

ON 1 YEAR  FOLLOWUP  

HbA1C 110 7.3 ± 4.2 4.8 - 48 6.6 5.9 - 7.75 

F cholesterol 157 141.7 ± 37.2 23 - 322 138 120.5 - 156 

LDL 133 81.5 ± 32.6 6 - 231 76 62 - 94.5 

HDL 83 47.7 ± 21.9 22 - 214 45 39 - 52 

TGL 73 104.4 ± 53.6 24 - 328 93 70 - 125.5 

SBP : SYSTOLIC BLOOD PRESSURE, DBP : DIASTOLIC BLOOD PRESSURE, 

HBA1C: GLYCOSYLATED HEMOGLOBIN 

FIGURE 5.6: INFARCT PATTERN 

 

 

 

Single
76.5%

Multiple
21.4%

Normal
2.1%

INFARCT PATTERN

Single Multiple Normal
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76.5% had single infarct, while 2.4% had multiple infarcts and 2.1 % had MRI normal. Also 

infarct patterns, 34.6% had multiple embolic pattern, 29.5 % had superficial watershed 

infarct, 22.6% internal border zone infarct. Among the cohort only 8 had substenotic (30-

50%) atherosclerotic disease,  

The prevalence of chronic infarcts in the neuroimaging was also studied which showed 

17.9% territorial infarcts, 27.8 % lacunar infarcts,16.2% had both territorial and lacunar 

infracts .40.8 % had Fazekas grade 1, 24% had grade 2 and 4.1 % had grade 3 white matter 

changes while 31.8% didn’t had any white matter ischemic changes.  

FIGURE 5.7: GRADING OF WHITE MATTER HYPERINTENSITIES 

 

 

 

Cardiovascular parameters including ECG, Echo and holter was also studied. Based on ECG, 

7.2% had presence of atrial ectopics, 9.6% had LVH. 24 hour Holter monitoring showed 

atrial ectopics in 1%, ventricular ectopics in 6.2%, supraventricular ectopics in 8.3%, while it 

was normal in 84.5%.  

FIGURE 5.8 : HOLTER MONITORING 
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TABLE 5.8 : CARDIAC PARAMETERS  

  N mean ±  sd Range Median IQR 

Plaque thickness 166 0.26 ± 0.12 0.04 - 0.7 0.24 0.18 - 0.33 

PTFV 1 161 0.09 ± 0.09 0.02 - 0.8 0.08 0.04 - 0.08 

PR interval 162 0.65 ± 0.79 0.04 - 2 0.22 0.16 - 2 

LV dimension systolic 164 29.2 ± 6.4 18 - 54 29 24 - 33 

LV dimension diastolic 164 45.1 ± 6.7 32 - 70 45 40 - 49 

EF 227 63.1 ± 9.1 36 - 86 64 58 - 69 

 PTFV1 : P terminal force in lead V1, EF: EJECTION FRACTION 

From the Transthoracic Echo, it was found that 95.8% had normal Left atrial diameter and it 

was <40 for males and <38 or females. But 4.2% had mild left atrial enlargement ( males 41-

46 and for females 39-42).  

LV systolic dimension was 30-60 in 44%, while 56% had <30. LV diastolic dimension was 

normal for 98.6% and mild increase in 0.9 and moderate increase in 0.5%.  

FIGURE 5.9 : LEFT VENTRICULAR SYSTOLIC DIMENSION 

1%

6%

8%

85%

HOLTER MONITORING 

ATRIAL ECTOPICS

VENTRICULAR ECTOPICS

SUPRAVENTRICULAR ECTOPICS

NORMAL



 

31 
SCTIMST, Trivandrum 

 

 

In our study 16.3% (38) patients  underwent IV thrombolysis and mechanical 

thrombectomy was done for 8.6% (20) cases.  

In our cohort, 26 patients (11.3%) had neurological worsening  during hospital stay. Among 

them 4 had new infarct, 15 had MRI negative TIA and 16 had worsening of the infarct.  

Functional outcome of patients were measured using Modified Rankin scale or MRS. 

Discharge MRS distribution of our cohort is given in table : 

 

 

TABLE 5.9 : DISCHARGE MRS 

DISCHARGE MRS 
 

PERCENT 

0 13.5 

1 8.3 

2 18.3 

3 19.7 

4 36.7 

5 3.5 

 

Among discharge medications, 29.6% was on Aspirin, 5.3 % was on Clopidogrel and 64.6% 

was on both and 0.4% (1) patient was on anticoagulation.  

<30
56.0%

30-60
44.0%

LV SYSTOLIC DIMENSION
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FIGURE 5.10 : DISCHARGE MEDICATIONS 

 

On followup at end of 1 year, the MRS were as in the chart: 

 

 

 

 

FIGURE 5.11 : FOLLOWUP MRS 

 

At end of 1 year, 8.2% cases had recurrence of stroke on ipsilateral side. 3.8% had 

contralateral or vetebrobasilar strokes. 2.7% had cardiac events.  

29.6

5.3

64.6

0.4

Aspirin Clopidogrel Both Anticoagulation

P
e

rc
e

n
ta

ge

Discharge Antiplatelets

DISCHARGE MEDICATIONS

36.8

11.53

19.7
17.58

13.73

0.005

0 1 2 3 4 5

FOLLOWUP MRS



 

33 
SCTIMST, Trivandrum 

FIGURE 5.12: IPSILATERAL RECURRENT EVENTS 

 

 

 

 

 

FIGURE 5.13: CONTRALATERAL/VERTEBROBASILAR EVENTS 

 

FIGURE 5.14: CARDIAC EVENTS 
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Various parameters were compared among those who had previous history of stroke/TIA 

with those who didn’t had such past history.  

TABLE 5.10 : THOSE WITH PREVIOUS STROKE/TIA AND NOT  

 Previous stroke/TIA  

t P  Yes (n=46) No (n=188) 

 mean sd mean Sd 

AGE 60.0 12.2 57.8 13.0 1.050 0.295 

Admission NIHSS 5.8 5.8 8.7 7.0 2.638 0.009 

Time between first symptom and 

admission 
145.3 391.4 91.4 266.5 1.112 0.267 

Admission blood sugar 175.0 86.6 161.0 69.3 1.130 0.260 

HBA1C 7.3 1.7 7.5 2.2 0.744 0.458 

SBP 155.1 30.3 156.4 28.0 0.289 0.773 

DBP 90.2 17.3 88.3 15.8 0.696 0.487 

Fasting Cholesterol 155.8 61.8 193.0 57.0 3.824 0.000 

HDL 48.3 25.7 46.3 13.3 0.739 0.461 

LDL 96.7 50.8 125.0 47.8 3.253 0.001 

TGL 97.7 42.7 108.1 59.4 1.099 0.273 

SERUM HOMOCYSTEINE 17.2 14.8 17.8 15.7 0.114 0.909 

Plaque thickness 0.25 0.11 0.26 0.13 0.568 0.571 

PTEF-V 1 0.09 0.07 0.09 0.09 0.544 0.587 

Yes
2.7%

No
97.3%

Cardiac events

Yes No
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PR interval 0.92 0.90 0.59 0.75 2.046 0.042 

LV dimension systolic 29.2 6.6 29.2 6.4 0.038 0.969 

LV dimension diastolic 44.7 6.6 45.2 6.8 0.387 0.699 

EF 62.0 11.5 63.4 8.4 0.915 0.361 

Discharge NIHSS 4.9 5.2 5.8 6.1 0.821 0.413 

NIHSS 2.7 4.6 2.6 3.6 0.142 0.887 

HbA1C 7.0 1.9 7.4 4.6 0.438 0.663 

F cholesterol 151.3 41.6 139.5 36.0 1.557 0.122 

LDL 88.1 35.7 80.1 31.9 1.088 0.279 

HDL 48.9 12.8 47.5 23.5 0.235 0.814 

TGL 120.2 55.7 100.6 52.9 1.233 0.222 

 

  Previous stroke/TIA 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

GENDER Male 35 76.1 122 64.9 157 67.1     

  Female 11 23.9 66 35.1 77 32.9 2.1 1 0.148 

Hemisphere involved VB 6 13 47 25 53 22.6       

  Right 16 34.8 62 33 78 33.3       

  Left 22 47.8 76 40.4 98 41.9       

  Bilateral 2 4.3 3 1.6 5 2.1 4.2 3 0.244 

DM Yes 28 60.9 95 50.5 123 52.6       

  No 18 39.1 93 49.5 111 47.4 1.6 1 0.208 

HTN Yes 38 82.6 112 59.6 150 64.1       

  No 8 17.4 76 40.4 84 35.9 8.5 1 0.004 

DYSLIPIDEMIA Yes 13 28.3 54 28.7 67 28.6       

  No 33 71.7 134 71.3 167 71.4 0.0 1 0.950 

SMOKING Yes 11 23.9 47 25 58 24.8       

  No 35 76.1 141 75 176 75.2 0.0 1 0.878 

Alcohol Yes 10 21.7 42 22.3 52 22.2       

  No 36 78.3 146 77.7 182 77.8 0.0 1 0.930 

CAD Yes 14 30.4 26 13.8 40 17.1       

  No 32 69.6 162 86.2 194 82.9 7.2 1 0.007 
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PCI/CABG Yes 11 23.9 18 9.6 29 12.4       

  No 35 76.1 170 90.4 205 87.6 7.0 1 0.008 

POVD Yes 10 21.7 2 1.1 12 5.1       

  No 36 78.3 186 98.9 222 94.9 32.5 1 <0.001 

OLD STROKE : 

HEMISPHERE 

Left 19 41.3 0 0 19 8.1       

Right 21 45.7 0 0 21 9       

None 1 2.2 188 100 189 80.8       

VB 5 10.9 0 0 5 2.1 227.7 3 <0.001 

Pre-stroke statin use Yes 29 63 37 19.7 66 28.2       

  No 17 37 151 80.3 168 71.8 34.3 1 <0.001 

Pre-stroke antiplatelet 

use 
Aspirin 22 47.8 20 10.6 42 17.9       

  None 19 41.3 164 87.2 183 78.2       

  Clopilet 0 0 1 0.5 1 0.4       

  Both 5 10.9 3 1.6 8 3.4 48.0 3 <0.001 

 

 

 

  Previous stroke/TIA 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

Imaging 

modality 
A 8 17.4 60 31.9 68 29.1 

  
  

  B 18 39.1 50 26.6 68 29.1     

  C 20 43.5 78 41.5 98 41.9 4.7 2 0.095 

Infarct Single 27 58.7 152 80.9 179 76.5       

  Multiple 18 39.1 32 17 50 21.4       

  Normal 1 2.2 4 2.1 5 2.1 10.8 2 0.004 

OCCLUSION No 33 71.7 115 61.2 148 63.2       

  Yes 13 28.3 73 38.8 86 36.8 1.8 1 0.183 

Superficial 

watershed 
Yes 20 43.5 49 26.1 69 29.5       
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  No 26 56.5 139 73.9 165 70.5 5.4 1 0.020 

Internal 

borderzone 
Yes 12 26.1 41 21.8 53 22.6       

  No 34 73.9 147 78.2 181 77.4 0.4 1 0.534 

 

Multiple 

embolic 

Yes 16 34.8 65 34.6 81 34.6       

  No 30 65.2 123 65.4 153 65.4 0.0 1 0.979 

EC <30 44 95.7 182 96.8 226 96.6       

  30-40 2 4.3 6 3.2 8 3.4 0.2 1 0.699 

IC <30 45 97.8 181 96.3 226 96.6       

  30-40 1 2.2 7 3.7 8 3.4 0.3 1 0.604 

chronic infarcts Territorial 11 23.9 31 16.5 42 17.9       

  Lacunar 11 23.9 54 28.7 65 27.8       

  Both 11 23.9 27 14.4 38 16.2       

  None 13 28.3 76 40.4 89 38 5.0 3 0.175 

WMHI 0 11 25.6 58 33.3 69 31.8       

  1 13 30.2 74 42.5 87 40.1       

  2 14 32.6 38 21.8 52 24       

  3 5 11.6 4 2.3 9 4.1 10.8 3 0.013 

Presence of 

atrial ectopics 
Yes 5 16.7 7 5.1 12 7.2       

  No 25 83.3 129 94.9 154 92.8 4.9 1 0.027 

 

 

 

  Previous stroke/TIA 

Total  

  

p 
 

 Yes No 
χ2 d

f 

  N % N % N %   

LVH –voltage 

criteria 
Yes 5 16.7 11 8.1 16 9.6 

  
  



 

38 
SCTIMST, Trivandrum 

  No 25 83.3 125 91.9 150 90.4 2.1 1 0.150 

AF Yes 1 3.4 6 4.4 7 4.3       

  No 28 96.6 129 95.6 157 95.7 0.1 1 0.810 

24 hour Holter-done Normal 26 72.2 137 87.3 163 84.5       

  Atrial ectopics 1 2.8 1 0.6 2 1       

  SVT 5 13.9 11 7 16 8.3       

  
VENTRICULAR 

ETCOPIC 
4 11.1 8 5.1 12 6.2 5.5 3 0.141 

TTE-LA diameter Normal 27 100 86 94.5 113 95.8       

  Abnormal 0 0 5 5.5 5 4.2 1.5 1 0.213 

LV SYSTOLIC 

DIMENSION 
<30 17 54.8 76 56.3 93 56       

  30-60 14 45.2 59 43.7 73 44 0.0 1 0.883 

LV DIASTOLIC 

DIMENSION 

GRADE 

Normal 46 100 168 98.2 214 98.6       

  Mild 0 0 2 1.2 2 0.9       

  Moderate 0 0 1 0.6 1 0.5 0.8 2 0.664 

IV 

THROMBOLYSED 
Yes 5 11.1 33 17.6 38 16.3       

  No 40 88.9 155 82.4 195 83.7 1.1 1 0.293 

MT Yes 2 4.4 18 9.6 20 8.6       

  No 43 95.6 170 90.4 213 91.4 1.2 1 0.270 

In hospital recurrent 

events 
Yes 5 11.4 21 11.2 26 11.3 

  
  

  No 39 88.6 166 88.8 205 88.7 0.0 1 0.980 

  Previous stroke/TIA 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

Type of 

recurrent events 
Stroke 0 0 4 2.2 4 1.8 

  
  

  TIA 3 7.3 12 6.5 15 6.6     

  Nil 36 87.8 156 83.9 192 84.6     
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  Worsening 2 4.9 14 7.5 16 7 1.3 3 0.725 

Discharge MRS 0 7 16.7 24 12.8 31 13.5       

  1 1 2.4 18 9.6 19 8.3       

  2 10 23.8 32 17.1 42 18.3       

  3 7 16.7 38 20.3 45 19.7       

  4 17 40.5 67 35.8 84 36.7       

  5 0 0 8 4.3 8 3.5 5.6 5 0.346 

Discharge 

antiplatelets 
Aspirin 9 22 58 31.4 67 29.6       

  Clopidogrel 2 4.9 10 5.4 12 5.3       

  Both 30 73.2 116 62.7 146 64.6       

  Anticoagulation 0 0 1 0.5 1 0.4 1.8 3 0.613 

MRS 0 11 34.4 56 37.3 67 36.8       

  1 4 12.5 17 11.3 21 11.5       

  2 6 18.8 30 20 36 19.8       

  3 6 18.8 26 17.3 32 17.6       

  4 4 12.5 21 14 25 13.7       

  5 1 3.1 0 0 1 0.5 4.9 5 0.431 

Ipsilateral 

recurrent events 
Yes 8 24.2 7 4.7 15 8.2       

  No 25 75.8 143 95.3 168 91.8 13.8 1 <0.001 

Any C/L or VB 

events 
Yes 4 12.1 3 2 7 3.8       

  No 29 87.9 147 98 176 96.2 7.5 1 0.006 

Cardiac events Yes 0 0 5 3.3 5 2.7       

  No 33 100 145 96.7 178 97.3 1.1 1 0.288 

 

Clinical, risk factors, cardiac and neuroimaging parameters were compared among those who 

had first stroke versus those who had recurrent strokes. Hypertension was more in those who 

are having stroke for first time ( p value 0.004). Raised PR interval ( mean = 0.92 with p value 

0.004), Dyslipidemia, CAD (  p value 0.007), h/o CABG/PCI  ( p value 0.008) and PVOD ( p 

value <0.001) were more common in people who had previous h/o stroke /TIA. 
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Presence of atrial ectopics ( p value of 0.027), WMHI ( p value =  0.013), superficial watershed 

infarcts( p value 0.020) , multiple embolic infarcts (p value 0.004) , presence of ipsilateral 

events or contralateral/vertebrobasilar events were also found be statistically significant among 

those who had past history of stroke at the time of presentation  

 

TABLE 5.11: THOSE WITH IN HOSPITAL WORSENING VERSUS WITHOUT 

  In hospital worsening 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

GENDER Male 19 73.1 137 66.8 156 67.5     

  Female 7 26.9 68 33.2 75 32.5 0.4 1 0.522 

Hemisphere 

involved 
VB 3 11.5 48 23.4 51 22.1       

  Right 14 53.8 63 30.7 77 33.3       

  Left 9 34.6 89 43.4 98 42.4       

  Bilateral 0 0 5 2.4 5 2.2 6.2 3 0.101 

DM Yes 17 65.4 104 50.7 121 52.4       

  No 9 34.6 101 49.3 110 47.6 2.0 1 0.159 

HTN Yes 17 65.4 131 63.9 148 64.1       

  No 9 34.6 74 36.1 83 35.9 0.0 1 0.882 

DYSLIPIDEMIA Yes 5 19.2 60 29.3 65 28.1       

  No 21 80.8 145 70.7 166 71.9 1.2 1 0.284 

SMOKING Yes 10 38.5 47 22.9 57 24.7       

  No 16 61.5 158 77.1 174 75.3 3.0 1 0.083 

Alcohol Yes 8 30.8 44 21.5 52 22.5       

  No 18 69.2 161 78.5 179 77.5 1.1 1 0.284 

CAD Yes 5 19.2 34 16.6 39 16.9       

  No 21 80.8 171 83.4 192 83.1 0.1 1 0.734 

PCI/CABG Yes 4 15.4 25 12.2 29 12.6       

  No 22 84.6 180 87.8 202 87.4 0.2 1 0.644 

POVD Yes 1 3.8 10 4.9 11 4.8       

  No 25 96.2 195 95.1 220 95.2 0.1 1 0.816 
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OLD STROKE : 

HEMISPHERE 

Left 2 7.7 16 7.8 18 7.8       

Right 3 11.5 18 8.8 21 9.1       

None 21 80.8 167 81.5 188 81.4       

VB 0 0 4 2 4 1.7 0.7 3 0.873 

Prestroke statin 

use  

Yes 7 26.9 57 27.8 64 27.7       

No 19 73.1 148 72.2 167 72.3 0.0 1 0.925 

Prestroke 

antiplatelet use 

Aspirin 7 26.9 33 16.1 40 17.3       

None 19 73.1 163 79.5 182 78.8       

Clopilet 0 0 1 0.5 1 0.4       

Both 0 0 8 3.9 8 3.5 2.8 3 0.420 

 

 

 
 

In hospital recurrent 

events Total  

  

p 
  Yes No χ2 df 

  N % N % N %   

Imaging 

modality 
A 13 50 54 26.3 67 29 

  
  

  B 3 11.5 63 30.7 66 28.6     

  C 10 38.5 88 42.9 98 42.4 7.5 2 0.023 

Infarct Single 19 73.1 157 76.6 176 76.2       

  Multiple 7 26.9 43 21 50 21.6       

  Normla 0 0 5 2.4 5 2.2 1.0 2 0.592 

OCCLUSION No 11 42.3 135 65.9 146 63.2       

  Yes 15 57.7 70 34.1 85 36.8 5.5 1 0.019 

Superficial 

watershed 
Yes 10 38.5 58 28.3 68 29.4       

  No 16 61.5 147 71.7 163 70.6 1.1 1 0.284 

Internal 

borderzone 
Yes 4 15.4 49 23.9 53 22.9       

  No 22 84.6 156 76.1 178 77.1 0.9 1 0.331 

Lacunar Yes 2 7.7 39 19 41 17.7       

  No 24 92.3 166 81 190 82.3 2.0 1 0.154 
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Multiple 

embolic 
Yes 9 34.6 71 34.6 80 34.6       

  No 17 65.4 134 65.4 151 65.4 0.0 1 0.998 

EC <30 25 96.2 198 96.6 223 96.5       

  30-40 1 3.8 7 3.4 8 3.5 0.0 1 0.910 

IC <30 24 92.3 199 97.1 223 96.5       

  30-40 2 7.7 6 2.9 8 3.5 1.6 1 0.211 

chronic infarcts Territorial 8 30.8 33 16.1 41 17.7       

  Lacunar 8 30.8 56 27.3 64 27.7       

  Both 4 15.4 34 16.6 38 16.5       

  None 6 23.1 82 40 88 38.1 4.7 3 0.199 

WMHI 0 7 26.9 62 32.8 69 32.1       

  1 13 50 73 38.6 86 40       

  2 6 23.1 45 23.8 51 23.7       

  3 0 0 9 4.8 9 4.2 2.2 3 0.526 

Presence of 

atrial ectopics 
Yes 0 0 12 8.2 12 7.3       

  No 19 100 134 91.8 153 92.7 1.7 1 0.194 

 

 
 

In hospital recurrent 

events Total  

  

p 
  Yes No   

  N % N % N %   

LVH –voltage 

criteria 
Yes 2 10.5 14 9.6 16 9.7 

  
  

  No 17 89.5 132 90.4 149 90.3 0.0 1 0.897 

AF Yes 1 5.3 6 4.2 7 4.3       

  No 18 94.7 138 95.8 156 95.7 0.0 1 0.825 

24 hour Holter-done Normal 18 85.7 143 84.1 161 84.3       

  Atrial ectopics 1 4.8 1 0.6 2 1       

  SVT 1 4.8 15 8.8 16 8.4       

  
VENTRICULAR 

ETCOPIC 
1 4.8 11 6.5 12 6.3 3.6 3 0.312 
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TTE-LA diameter Normal 11 91.7 102 96.2 113 95.8       

  Abnormal 1 8.3 4 3.8 5 4.2 0.6 1 0.457 

LV SYSTOLIC 

DIMENSION 
<30 10 66.7 83 55 93 56       

  30-60 5 33.3 68 45 73 44 0.8 1 0.384 

LV DIASTOLIC 

DIMENSION 

GRADE 

Normal 21 95.5 190 99 211 98.6       

  Mild 0 0 2 1 2 0.9       

  Moderate 1 4.5 0 0 1 0.5 9.0 2 0.011 

IV 

THROMMOLYSED 
Yes 9 34.6 29 14.1 38 16.5       

  No 17 65.4 176 85.9 193 83.5 7.0 1 0.008 

MT Yes 6 23.1 14 6.8 20 8.7       

  No 20 76.9 191 93.2 211 91.3 7.7 1 0.006 

 

 

 

 

 

 

 
 

In hospital recurrent 

events Total  

  

p 
  Yes No   

  N % N % N %   

Type of 

recurrent 

events 

Stroke 4 17.4 0 0 4 1.8 

  

  

  TIA 0 0 15 7.4 15 6.6     

  Nil 3 13 188 92.6 191 84.5     

  Worsening 16 69.6 0 0 16 7.1 193.7 3 <0.001 
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Discharge 

MRS 
0 1 4.2 30 14.6 31 13.5       

  1 0 0 19 9.3 19 8.3       

  2 1 4.2 41 20 42 18.3       

  3 1 4.2 44 21.5 45 19.7       

  4 18 75 66 32.2 84 36.7       

  5 3 12.5 5 2.4 8 3.5 27.1 5 <0.001 

Discharge 

antiplatelets 
Aspirin 15 62.5 52 25.7 67 29.6       

  Clopidogrel 2 8.3 10 5 12 5.3       

  Both 6 25 140 69.3 146 64.6       

  Anticoagulation 1 4.2 0 0 1 0.4 25.2 3 <0.001 

MRS 0 2 10.5 65 39.9 67 36.8       

  1 0 0 21 12.9 21 11.5       

  2 4 21.1 32 19.6 36 19.8       

  3 8 42.1 24 14.7 32 17.6       

  4 5 26.3 20 12.3 25 13.7       

  5 0 0 1 0.6 1 0.5 16.3 5 0.006 

Ipsilateral 

recurrent 

events 

Yes 1 5.3 14 8.5 15 8.2       

  No 18 94.7 150 91.5 168 91.8 0.2 1 0.622 

Any C/L or 

VB events 
Yes 0 0 7 4.3 7 3.8       

  No 19 100 157 95.7 176 96.2 0.8 1 0.358 

Cardiac 

events 
Yes 0 0 5 3 5 2.7       

  No 19 100 159 97 178 97.3 0.6 1 0.440 

           

 

 In hospital recurrent events  

t p  Yes (n=26) No(n=205) 

 mean sd mean sd 
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AGE 57.5 11.1 58.4 13.0 0.366 0.715 

Admission NIHSS 10.6 7.6 7.8 6.7 1.959 0.051 

Time between first symptom and 

admission 
68.3 135.7 96.9 276.0 0.518 0.605 

Admission blood sugar 181.2 77.5 161.6 72.5 1.284 0.200 

HBA1C 8.2 2.2 7.4 2.1 1.644 0.102 

SBP 153.8 25.4 156.8 28.6 0.509 0.612 

DBP 88.0 12.3 89.1 16.5 0.315 0.753 

Fasting Cholesterol 176.3 63.1 187.6 59.3 0.908 0.365 

HDL 44.9 15.2 47.0 16.6 0.625 0.533 

LDL 107.7 55.2 121.3 48.8 1.192 0.235 

TGL 106.0 48.7 105.9 57.7 0.003 0.997 

SERUM HOMOCYSTEINE 22.6 8.8 17.2 16.1 0.736 0.465 

Plaque thickness 0.26 0.12 0.26 0.12 0.004 0.997 

PTF-V 1 0.07 0.06 0.09 0.09 0.945 0.346 

PR interval 0.57 0.76 0.67 0.79 0.532 0.596 

LV dimension systolic 28.5 4.8 29.3 6.5 0.427 0.670 

LV dimension diastolic 47.0 8.9 44.9 6.5 1.150 0.252 

EF 61.8 8.9 63.4 9.2 0.832 0.406 

Discharge NIHSS 11.2 5.7 5.0 5.6 5.140 0.000 

NIHSS 5.2 3.3 2.3 3.7 3.197 0.002 

HbA1C 7.3 1.2 7.4 4.4 0.023 0.982 

F cholesterol 135.5 28.5 142.3 38.1 0.677 0.499 

LDL 74.1 19.7 82.5 33.9 0.931 0.354 

HDL 45.4 6.2 48.0 22.9 0.318 0.752 

TGL 136.0 55.7 101.6 52.9 1.521 0.133 

 

In people with in hospital worsening, terminal branch occlusion was more (n=15) (p 

value=0.019 ). 22 patients (91%) in those who had in hospital recurrent events had discharge 

MRS of 3-5 while 2 had MRS <2.  

 

On followup, it was found that 15 patients had recurrent ipsilateral events of which 11 were 

males and 4 were females. Smoking and presence of PVOD was associated with recurrence of 
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events on ipsilateral vascular territory with statistical significance ( p value of 0.045 and 0.045 

respectively). Pattern of infarcts: superficial watershed infarcts and multiple embolic infarcts 

showed a statistically significant association with ipsilateral recurrent events. ( p value 

0.001and 0.019 respectively).  

 

TABLE 5.12:  IPSILATERAL RECURRENT EVENTS AT 1 YEAR FOLLOWUP 

  Ipsilateral recurrent events 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

GENDER Male 11 73.3 118 70.2 129 70.5     

  Female 4 26.7 50 29.8 54 29.5 0.1 1 0.801 

Hemisphere 

involved 
VB 1 6.7 45 26.8 46 25.1       

  Right 4 26.7 56 33.3 60 32.8       

  Left 10 66.7 64 38.1 74 40.4       

  Bilateral 0 0 3 1.8 3 1.6 5.5 3 0.142 

DM Yes 9 60 83 49.4 92 50.3       

  No 6 40 85 50.6 91 49.7 0.6 1 0.432 

HTN Yes 9 60 105 62.5 114 62.3       

  No 6 40 63 37.5 69 37.7 0.0 1 0.848 

DYSLIPIDEMIA Yes 5 33.3 51 30.4 56 30.6       

  No 10 66.7 117 69.6 127 69.4 0.1 1 0.811 

SMOKING Yes 7 46.7 39 23.2 46 25.1       

  No 8 53.3 129 76.8 137 74.9 4.0 1 0.045 

Alcohol Yes 5 33.3 36 21.4 41 22.4       

  No 10 66.7 132 78.6 142 77.6 1.1 1 0.289 

CAD Yes 3 20 28 16.7 31 16.9       

  No 12 80 140 83.3 152 83.1 0.1 1 0.742 

PCI/CABG Yes 3 20 21 12.5 24 13.1       

  No 12 80 147 87.5 159 86.9 0.7 1 0.410 

POVD Yes 2 13.3 5 3 7 3.8       

  No 13 86.7 163 97 176 96.2 4.0 1 0.045 
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OLD STROKE : 

HEMISPHERE 

Left 4 26.7 9 5.4 13 7.1       

Right 1 6.7 14 8.3 15 8.2       

None 8 53.3 143 85.1 151 82.5       

VB 2 13.3 2 1.2 4 2.2 19.8 3 <0.001 

Prestroke statin 

use  

Yes 8 53.3 45 26.8 53 29       

No 7 46.7 123 73.2 130 71 4.7 1 0.030 

Prestroke 

antiplatelet use  

Aspirin 7 46.7 27 16.1 34 18.6       

None 8 53.3 134 79.8 142 77.6       

Both 0 0 7 4.2 7 3.8 8.8 2 0.012 

 

  Ipsilateral recurrent events 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

Imaging 

modality 
A 3 20 51 30.4 54 29.5 

  
  

  B 8 53.3 44 26.2 52 28.4     

  C 4 26.7 73 43.5 77 42.1 5.0 2 0.082 

Infarct Single 10 66.7 129 76.8 139 76       

  Multiple 5 33.3 34 20.2 39 21.3       

  Normal 0 0 5 3 5 2.7 1.7 2 0.419 

OCCLUSION No 10 66.7 108 64.3 118 64.5       

  Yes 5 33.3 60 35.7 65 35.5 0.0 1 0.854 

Superficial 

watershed 
Yes 10 66.7 45 26.8 55 30.1       

  No 5 33.3 123 73.2 128 69.9 10.4 1 0.001 

Internal 

borderzone 
Yes 3 20 36 21.4 39 21.3       

  No 12 80 132 78.6 144 78.7 0.0 1 0.897 

Multiple 

embolic 
Yes 9 60 51 30.4 60 32.8       

  No 6 40 117 69.6 123 67.2 5.5 1 0.019 

EC <30 15 100 162 96.4 177 96.7       

  30-50 0 0 6 3.6 6 3.3 0.6 1 0.457 
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IC <30 15 100 160 95.2 175 95.6       

  30-50 0 0 8 4.8 8 4.4 0.7 1 0.387 

chronic infarcts Territorial 4 26.7 31 18.5 35 19.1       

  Lacunar 4 26.7 50 29.8 54 29.5       

  Both 3 20 23 13.7 26 14.2       

  None 4 26.7 64 38.1 68 37.2 1.4 3 0.705 

WMHI 0 5 33.3 57 35.6 62 35.4       

  1 7 46.7 67 41.9 74 42.3       

  2 3 20 29 18.1 32 18.3       

  3 0 0 7 4.4 7 4 0.8 3 0.855 

Presence of 

atrial ectopics 
Yes 0 0 9 7 9 6.5       

  No 11 100 119 93 130 93.5 0.8 1 0.363 

 

  Ipsilateral recurrent events 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

LVH –voltage 

criteria 
Yes 1 9.1 10 7.8 11 7.9 

  
  

  No 10 90.9 118 92.2 128 92.1 0.0 1 0.880 

24 hour Holter-done Normal 9 75 126 85.1 135 84.4       

  Atrial ectopics 0 0 2 1.4 2 1.3       

  SVT 2 16.7 11 7.4 13 8.1       

  
VENTRICULAR 

ETCOPIC 
1 8.3 9 6.1 10 6.3 1.6 3 0.670 

TTE-LA diameter Normal 7 100 88 94.6 95 95       

  Abnormal 0 0 5 5.4 5 5 0.4 1 0.529 

LV SYSTOLIC 

DIMENSION 
<30 6 50 74 56.1 80 55.6       

  30-60 6 50 58 43.9 64 44.4 0.2 1 0.686 

LV DIASTOLIC 

DIMENSION 

GRADE 

Normal 15 100 153 98.1 168 98.2       
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  Mild 0 0 2 1.3 2 1.2       

  Moderate 0 0 1 0.6 1 0.6 0.3 2 0.863 

IV 

THROMMOLYSED 
Yes 3 20 29 17.3 32 17.5       

  No 12 80 139 82.7 151 82.5 0.1 1 0.789 

MT Yes 1 6.7 16 9.5 17 9.3       

  No 14 93.3 152 90.5 166 90.7 0.1 1 0.715 

 

 

  Ipsilateral recurrent events 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

Type of 

recurrent events 
Stroke 0 0 3 1.8 3 1.6 

  
  

  TIA 2 13.3 12 7.2 14 7.7     

  Nil 12 80 140 83.8 152 83.5     

  Worsening 1 6.7 12 7.2 13 7.1 1.0 3 0.807 

Discharge MRS 0 2 13.3 24 14.3 26 14.2       

  1 3 20 14 8.3 17 9.3       

  2 3 20 33 19.6 36 19.7       

  3 1 6.7 36 21.4 37 20.2       

  4 6 40 59 35.1 65 35.5       

  5 0 0 2 1.2 2 1.1 3.8 5 0.581 

Discharge 

antiplatelets 
Aspirin 2 14.3 51 30.5 53 29.3       

  Clopidogrel 2 14.3 7 4.2 9 5       

  Both 10 71.4 108 64.7 118 65.2       

  Anticoagulation 0 0 1 0.6 1 0.6 4.0 3 0.263 

MRS 0 3 20 63 38.4 66 36.9       

  1 1 6.7 20 12.2 21 11.7       

  2 4 26.7 32 19.5 36 20.1       

  3 2 13.3 29 17.7 31 17.3       

  4 4 26.7 20 12.2 24 13.4       
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  5 1 6.7 0 0 1 0.6 15.2 5 0.010 

Any C/L or VB 

events 
Yes 2 13.3 5 3 7 3.8       

  No 13 86.7 163 97 176 96.2 4.0 1 0.045 

Cardiac events Yes 0 0 5 3 5 2.7       

  No 15 100 163 97 178 97.3 0.5 1 0.498 

 

 Ipsilateral recurrent events  

t p  Yes(n=15) No (n=168) 

 mean sd mean sd 

AGE 58.5 13.3 58.0 12.0 0.151 0.880 

Admission NIHSS 8.3 7.2 7.7 6.7 0.335 0.738 

Time between first symptom and 

admission 
159.8 398.8 73.4 243.2 1.239 0.217 

Admission blood sugar 187.1 87.3 164.2 72.9 1.073 0.285 

HBA1C 7.3 2.5 7.3 2.1 0.009 0.993 

SBP 150.9 31.3 157.9 27.4 0.930 0.353 

DBP 85.6 13.9 89.7 16.4 0.939 0.349 

Fasting Cholesterol 177.8 51.3 188.9 57.2 0.681 0.496 

HDL 48.9 12.1 47.2 16.5 0.372 0.711 

LDL 112.5 47.3 121.3 47.5 0.620 0.536 

TGL 89.9 18.2 103.3 55.5 0.866 0.388 

SERUM HOMOCYSTEINE 12.9 4.9 17.4 14.2 0.539 0.593 

Plaque thickness 0.28 0.12 0.26 0.12 0.747 0.456 

PTF-V 1 0.06 0.03 0.09 0.09 0.909 0.365 

PR interval 1.01 0.95 0.62 0.77 1.600 0.112 

LV dimension systolic 29.0 5.9 29.2 6.3 0.084 0.933 

LV dimension diastolic 44.3 6.9 45.2 6.9 0.450 0.653 

EF 64.7 9.4 63.5 9.0 0.520 0.603 

Discharge NIHSS 5.6 5.9 5.2 5.4 0.301 0.764 

NIHSS 6.1 7.0 2.3 3.2 3.923 0.000 

HbA1C 7.5 2.4 7.4 4.4 0.073 0.942 

F cholesterol 168.7 39.9 139.8 36.9 2.385 0.018 
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LDL 89.3 26.1 81.1 33.2 0.680 0.497 

HDL 48.4 8.3 47.4 23.1 0.094 0.925 

TGL 146.4 70.2 101.5 52.0 1.819 0.073 

 

TABLE 5.13:  CONTRALATERAL/VERTEBROBASILAR RECURRENT EVENTS AT 1 

YEAR FOLLOWUP 

  Any C/L or VB events 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

GENDER Male 7 100 122 69.3 129 70.5     

  Female 0 0 54 30.7 54 29.5 3.0 1 0.081 

Hemisphere 

involved 

  

  

VB 4 57.1 42 23.9 46 25.1       

Right 1 14.3 59 33.5 60 32.8       

Left 2 28.6 72 40.9 74 40.4       

Bilateral 0 0 3 1.7 3 1.6 4.1 3 0.251 

DM Yes 4 57.1 88 50 92 50.3       

  No 3 42.9 88 50 91 49.7 0.1 1 0.711 

HTN Yes 5 71.4 109 61.9 114 62.3       

  No 2 28.6 67 38.1 69 37.7 0.3 1 0.611 

DYSLIPIDEMIA Yes 2 28.6 54 30.7 56 30.6       

  No 5 71.4 122 69.3 127 69.4 0.0 1 0.905 

SMOKING Yes 4 57.1 42 23.9 46 25.1       

  No 3 42.9 134 76.1 137 74.9 4.0 1 0.047 

Alcohol Yes 4 57.1 37 21 41 22.4       

  No 3 42.9 139 79 142 77.6 5.1 1 0.025 

CAD Yes 1 14.3 30 17 31 16.9       

  No 6 85.7 146 83 152 83.1 0.0 1 0.849 

PCI/CABG Yes 1 14.3 23 13.1 24 13.1       

  No 6 85.7 153 86.9 159 86.9 0.0 1 0.925 

POVD Yes 1 14.3 6 3.4 7 3.8       

  No 6 85.7 170 96.6 176 96.2 2.2 1 0.141 

OLD STROKE : 

HEMISPHERE 

Left 0 0 13 7.4 13 7.1       

Right 2 28.6 13 7.4 15 8.2       
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None 3 42.9 148 84.1 151 82.5       

VB 2 28.6 2 1.1 4 2.2 28.8 3 <0.001 

Prestroke statin 

use  

Yes 5 71.4 48 27.3 53 29       

No 2 28.6 128 72.7 130 71 6.4 1 0.012 

Prestroke 

antiplatelet use  

Aspirin 4 57.1 30 17 34 18.6       

None 3 42.9 139 79 142 77.6       

Both 0 0 7 4 7 3.8 7.2 2 0.027 

 

 

 

 

 

  Any C/L or VB events 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

Imaging 

modality 
A 1 14.3 53 30.1 54 29.5 

  
  

  B 1 14.3 51 29 52 28.4     

  C 5 71.4 72 40.9 77 42.1 2.6 2 0.276 

Infarct Single 4 57.1 135 76.7 139 76       

  Multiple 3 42.9 36 20.5 39 21.3       

  Normla 0 0 5 2.8 5 2.7 2.1 2 0.346 

OCCLUSION No 6 85.7 112 63.6 118 64.5       

  Yes 1 14.3 64 36.4 65 35.5 1.4 1 0.231 

Superficial 

watershed 
Yes 4 57.1 51 29 55 30.1       

  No 3 42.9 125 71 128 69.9 2.5 1 0.111 

Internal 

borderzone 
Yes 0 0 39 22.2 39 21.3       

  No 7 100 137 77.8 144 78.7 2.0 1 0.160 

Multiple 

embolic 
Yes 2 28.6 58 33 60 32.8       
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  No 5 71.4 118 67 123 67.2 0.1 1 0.809 

EC <30 7 100 170 96.6 177 96.7       

  30-40 0 0 6 3.4 6 3.3 0.2 1 0.619 

IC <30 7 100 168 95.5 175 95.6       

  30-40 0 0 8 4.5 8 4.4 0.3 1 0.564 

chronic infarcts Territorial 4 57.1 31 17.6 35 19.1       

  Lacunar 1 14.3 53 30.1 54 29.5       

  Both 1 14.3 25 14.2 26 14.2       

  None 1 14.3 67 38.1 68 37.2 7.1 3 0.069 

WMHI 0 2 28.6 60 35.7 62 35.4       

  1 2 28.6 72 42.9 74 42.3       

  2 2 28.6 30 17.9 32 18.3       

  3 1 14.3 6 3.6 7 4 2.8 3 0.428 

Presence of 

atrial ectopics 
Yes 0 0 9 6.6 9 6.5       

  No 3 100 127 93.4 130 93.5 0.2 1 0.645 

 

 

 

 

  Any C/L or VB events 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

LVH –voltage 

criteria 
Yes 1 33.3 10 7.4 11 7.9 

  
  

  No 2 66.7 126 92.6 128 92.1 2.7 1 0.099 

24 hour Holter-done Normal 6 100 129 83.8 135 84.4       

  Atrial ectopics 0 0 2 1.3 2 1.3       

  SVT 0 0 13 8.4 13 8.1       

  
VENTRICULAR 

ETCOPIC 
0 0 10 6.5 10 6.3 1.2 3 0.764 

TTE-LA diameter Normal 2 100 93 94.9 95 95       
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  Abnormal 0 0 5 5.1 5 5 0.1 1 0.743 

LV SYSTOLIC 

DIMENSION 
<30 1 25 79 56.4 80 55.6       

  30-60 3 75 61 43.6 64 44.4 1.6 1 0.212 

LV DIASTOLIC 

DIMENSION 

GRADE 

Normal 7 100 161 98.2 168 98.2       

  Mild 0 0 2 1.2 2 1.2       

  Moderate 0 0 1 0.6 1 0.6 0.1 2 0.937 

IV 

THROMMOLYSED 
Yes 1 14.3 31 17.6 32 17.5       

  No 6 85.7 145 82.4 151 82.5 0.1 1 0.820 

MT Yes 0 0 17 9.7 17 9.3       

  No 7 100 159 90.3 166 90.7 0.7 1 0.388 

 

 

 

 

 

 

  Any C/L or VB events 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

Type of 

recurrent events 
Stroke 0 0 3 1.7 3 1.6 

  
  

  TIA 0 0 14 8 14 7.7     

  Nil 7 100 145 82.9 152 83.5     

  Worsening 0 0 13 7.4 13 7.1 1.4 3 0.697 

Discharge MRS 0 1 14.3 25 14.2 26 14.2       

  1 0 0 17 9.7 17 9.3       

  2 2 28.6 34 19.3 36 19.7       
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  3 1 14.3 36 20.5 37 20.2       

  4 3 42.9 62 35.2 65 35.5       

  5 0 0 2 1.1 2 1.1 1.3 5 0.936 

Discharge 

antiplatelets 
Aspirin 1 14.3 52 29.9 53 29.3       

  Clopidogrel 0 0 9 5.2 9 5       

  Both 6 85.7 112 64.4 118 65.2       

  Anticoagulation 0 0 1 0.6 1 0.6 1.4 3 0.698 

MRS 0 1 14.3 65 37.8 66 36.9       

  1 0 0 21 12.2 21 11.7       

  2 3 42.9 33 19.2 36 20.1       

  3 2 28.6 29 16.9 31 17.3       

  4 1 14.3 23 13.4 24 13.4       

  5 0 0 1 0.6 1 0.6 4.3 5 0.505 

Cardiac events Yes 0 0 5 2.8 5 2.7       

  No 7 100 171 97.2 178 97.3 0.2 1 0.651 

 

 

 Any C/L or VB events  

t p  Yes (n=7) No (n=176) 

 mean sd mean sd 

AGE 62.0 9.2 57.9 12.1 0.892 0.374 

Admission NIHSS 5.0 4.0 7.8 6.8 1.092 0.276 

Time between first symptom and 

admission 
61.7 122.1 81.3 263.1 0.196 0.845 

Admission blood sugar 170.9 81.5 165.7 74.0 0.181 0.857 

HBA1C 7.5 2.0 7.3 2.1 0.197 0.844 

SBP 162.9 38.4 157.1 27.3 0.540 0.590 

DBP 97.0 18.2 89.1 16.1 1.276 0.203 

Fasting Cholesterol 181.9 67.8 188.4 56.5 0.297 0.767 

HDL 42.0 9.4 47.5 16.4 0.881 0.379 

LDL 123.5 41.4 120.6 47.7 0.148 0.883 

TGL 140.0 126.2 100.8 48.8 1.907 0.058 
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SERUM HOMOCYSTEINE 11.6 3.0 17.4 14.1 0.568 0.573 

Plaque thickness 0.24 0.19 0.26 0.12 0.350 0.727 

PTEF-V 1 0.08 0.07 0.09 0.09 0.123 0.903 

PR interval 0.21 0.10 0.66 0.79 0.981 0.328 

LV dimension systolic 31.0 5.4 29.1 6.3 0.596 0.552 

LV dimension diastolic 45.3 7.0 45.1 6.9 0.043 0.966 

EF 64.2 8.2 63.6 9.0 0.164 0.870 

Discharge NIHSS 4.4 4.2 5.2 5.5 0.376 0.707 

NIHSS 3.0 2.7 2.6 3.8 0.286 0.775 

HbA1C 6.9 1.5 7.4 4.3 0.182 0.856 

F cholesterol 145.8 25.9 141.6 38.0 0.248 0.805 

LDL 54.0 33.7 82.5 32.6 1.720 0.088 

HDL 48.5 29.0 47.5 22.4 0.065 0.948 

TGL 241.0 . 102.7 51.9 2.644 0.010 

7 patients had contralateral or vertebrobasilar events. Any contralateral or vertebrobasilar 

events were more common in those with smoking, alcohol intake and raised triglyceride levels 

( p values 0.045, 0.025,  0.010 respectively.). the history of prestroke statin and antiplatelet use 

was more in people with recurrent use. However the risk of stroke is a confounding factor in 

this.  

TABLE 5.14:  CARDIAC EVENTS AT 1 YEAR FOLLOWUP 

 

  Cardiac events 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

GENDER Male 4 80 125 70.2 129 70.5     

  Female 1 20 53 29.8 54 29.5 0.2 1 0.636 

Hemisphere 

involved 

  

  

VB 3 60 43 24.2 46 25.1       

Right 0 0 60 33.7 60 32.8       

Left 2 40 72 40.4 74 40.4       

Bilateral 0 0 3 1.7 3 1.6 4.3 3 0.235 

DM Yes 2 40 90 50.6 92 50.3       

  No 3 60 88 49.4 91 49.7 0.2 1 0.641 

HTN Yes 3 60 111 62.4 114 62.3       
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  No 2 40 67 37.6 69 37.7 0.0 1 0.914 

DYSLIPIDEMIA Yes 1 20 55 30.9 56 30.6       

  No 4 80 123 69.1 127 69.4 0.3 1 0.602 

SMOKING Yes 1 20 45 25.3 46 25.1       

  No 4 80 133 74.7 137 74.9 0.1 1 0.788 

Alcohol Yes 1 20 40 22.5 41 22.4       

  No 4 80 138 77.5 142 77.6 0.0 1 0.896 

CAD Yes 2 40 29 16.3 31 16.9       

  No 3 60 149 83.7 152 83.1 1.9 1 0.163 

PCI/CABG Yes 1 20 23 12.9 24 13.1       

  No 4 80 155 87.1 159 86.9 0.2 1 0.644 

POVD Yes 0 0 7 3.9 7 3.8       

  No 5 100 171 96.1 176 96.2 0.2 1 0.651 

OLD STROKE : 

HEMISPHERE 

Left 0 0 13 7.3 13 7.1       

Right 0 0 15 8.4 15 8.2       

None 5 100 146 82 151 82.5       

VB 0 0 4 2.2 4 2.2 1.1 3 0.780 

Prestroke statin 

use  

Yes 2 40 51 28.7 53 29       

No 3 60 127 71.3 130 71 0.3 1 0.581 

Prestroke 

antiplatelet use  

Aspirin 1 20 33 18.5 34 18.6       

None 3 60 139 78.1 142 77.6       

Both 1 20 6 3.4 7 3.8 3.7 2 0.155 

 

  Cardiac events 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

Imaging 

modality 
A 1 20 53 29.8 54 29.5 

  
  

  B 0 0 52 29.2 52 28.4     

  C 4 80 73 41 77 42.1 3.4 2 0.185 

Infarct Single 4 80 135 75.8 139 76       

  Multiple 1 20 38 21.3 39 21.3       

  Normla 0 0 5 2.8 5 2.7 0.2 2 0.925 
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OCCLUSION No 2 40 116 65.2 118 64.5       

  Yes 3 60 62 34.8 65 35.5 1.3 1 0.246 

Superficial 

watershed 
Yes 2 40 53 29.8 55 30.1       

  No 3 60 125 70.2 128 69.9 0.2 1 0.623 

Internal 

borderzone 
Yes 0 0 39 21.9 39 21.3       

  No 5 100 139 78.1 144 78.7 1.4 1 0.238 

Multiple 

embolic 
Yes 2 40 58 32.6 60 32.8       

  No 3 60 120 67.4 123 67.2 0.1 1 0.728 

EC <30 5 100 172 96.6 177 96.7       

  30-40 0 0 6 3.4 6 3.3 0.2 1 0.676 

IC <30 5 100 170 95.5 175 95.6       

  30-40 0 0 8 4.5 8 4.4 0.2 1 0.628 

chronic infarcts Territorial 0 0 35 19.7 35 19.1       

  Lacunar 1 20 53 29.8 54 29.5       

  Both 1 20 25 14 26 14.2       

  None 3 60 65 36.5 68 37.2 2.0 3 0.576 

WMHI 0 2 50 60 35.1 62 35.4       

  1 2 50 72 42.1 74 42.3       

  2 0 0 32 18.7 32 18.3       

  3 0 0 7 4.1 7 4 1.2 3 0.749 

Presence of 

atrial ectopics 
Yes 0 0 9 6.7 9 6.5       

  No 5 100 125 93.3 130 93.5 0.4 1 0.549 

 

  Cardiac events 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

LVH –voltage 

criteria 
Yes 1 20 10 7.5 11 7.9 

  
  

  No 4 80 124 92.5 128 92.1 1.0 1 0.308 
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24 hour Holter-done Normal 2 50 133 85.3 135 84.4       

  Atrial ectopics 0 0 2 1.3 2 1.3       

  SVT 1 25 12 7.7 13 8.1       

  
VENTRICULAR 

ETCOPIC 
1 25 9 5.8 10 6.3 4.4 3 0.224 

TTE-LA diameter Normal 4 100 91 94.8 95 95       

  Abnormal 0 0 5 5.2 5 5 0.2 1 0.640 

LV SYSTOLIC 

DIMENSION 
<30 2 40 78 56.1 80 55.6       

  30-60 3 60 61 43.9 64 44.4 0.5 1 0.476 

LV DIASTOLIC 

DIMENSION 

GRADE 

Normal 4 80 164 98.8 168 98.2       

  Mild 1 20 1 0.6 2 1.2       

  Moderate 0 0 1 0.6 1 0.6 15.8 2 <0.001 

IV 

THROMMOLYSED 
Yes 0 0 32 18 32 17.5       

  No 5 100 146 82 151 82.5 1.1 1 0.297 

MT Yes 0 0 17 9.6 17 9.3       

  No 5 100 161 90.4 166 90.7 0.5 1 0.468 

 

 

  Cardiac events 
Total  

  

p   Yes No χ2 df 

  N % N % N %   

Type of 

recurrent events 
Stroke 0 0 3 1.7 3 1.6 

  
  

  TIA 0 0 14 7.9 14 7.7     

  Nil 5 100 147 83.1 152 83.5     

  Worsening 0 0 13 7.3 13 7.1 1.0 3 0.798 

Discharge MRS 0 0 0 26 14.6 26 14.2       

  1 1 20 16 9 17 9.3       

  2 1 20 35 19.7 36 19.7       
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  3 2 40 35 19.7 37 20.2       

  4 1 20 64 36 65 35.5       

  5 0 0 2 1.1 2 1.1 2.8 5 0.736 

Discharge 

antiplatelets 
Aspirin 1 20 52 29.5 53 29.3       

  Clopidogrel 0 0 9 5.1 9 5       

  Both 4 80 114 64.8 118 65.2       

  Anticoagulation 0 0 1 0.6 1 0.6 0.6 3 0.895 

MRS 0 1 25 65 37.1 66 36.9       

  1 1 25 20 11.4 21 11.7       

  2 1 25 35 20 36 20.1       

  3 1 25 30 17.1 31 17.3       

  4 0 0 24 13.7 24 13.4       

  5 0 0 1 0.6 1 0.6 1.5 5 0.910 

 

 Cardiac events  

t p  Yes (n=5) No (n=178) 

 mean sd mean sd 

AGE 63.4 9.6 57.9 12.1 1.013 0.312 

Admission NIHSS 4.0 2.1 7.8 6.8 1.258 0.210 

Time between first symptom and 

admission 
25.1 24.3 82.1 262.4 0.484 0.629 

Admission blood sugar 146.8 40.7 166.3 74.7 0.522 0.603 

HBA1C 7.5 2.8 7.3 2.1 0.123 0.902 

SBP 155.0 29.4 157.4 27.7 0.188 0.851 

DBP 81.8 15.1 89.6 16.2 1.060 0.291 

Fasting Cholesterol 159.2 60.6 188.9 56.6 1.157 0.249 

HDL 50.0 7.7 47.2 16.4 0.375 0.708 

LDL 100.3 45.6 121.2 47.5 0.873 0.384 

TGL 89.0 27.2 102.7 54.2 0.502 0.617 

SERUM HOMOCYSTEINE 22.6 . 17.0 13.9 0.402 0.690 

Plaque thickness 0.24 0.05 0.26 0.12 0.341 0.733 

PTEF-V 1 0.08 0.05 0.09 0.09 0.053 0.958 
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PR interval 0.26 0.05 0.67 0.80 1.131 0.260 

LV dimension systolic 32.8 14.1 29.0 5.9 1.325 0.187 

LV dimension diastolic 49.6 11.7 44.9 6.6 1.500 0.136 

EF 65.4 14.8 63.5 8.8 0.460 0.646 

Discharge NIHSS 1.8 0.4 5.3 5.5 1.411 0.160 

NIHSS 0.5 1.0 2.7 3.8 1.118 0.265 

HbA1C 7.3 1.9 7.4 4.3 0.025 0.980 

F cholesterol 120.0 16.2 142.3 37.9 1.170 0.244 

LDL 62.0 6.6 82.1 33.1 1.046 0.298 

HDL 75.5 33.2 46.8 21.9 1.820 0.073 

TGL 68.5 13.4 105.7 54.5 0.957 0.342 

       

 

Among 5 with cardiac events, LV diastolic dimesion was normal in 4 and 1 person had mild 

dysfunction. Among them, 2 had normal holter, and 1 had SVT and 1 had ventricular ectopic. 

LVH was present in 1 and normal cardiac chambers in other 4.  

 

All the parameters were compared with those who had any history of recurrent strokes ( 

previous TIA/Stroke, ipsilateral, contralateral or vertebrobasilar strokes/TIA. It was found that 

blood sugar at admission, fasting total cholestrol were statistically significant with p values 

0.021, 0.002, 0.003 respectively. Males were found to have more recurrence. Diabetes, 

Coronary artery disease, superficial watershed infarcts, territorial infarcts were also associated 

with recurrence of strokes.  

TABLE 5.15: SINGLE VERSUS RECURRENT STROKES : A  

PARAMETER SINGLE 

ESUS 

MORE 

THAN ONE 

EVENT  

P 

VALU

E  

AGE  57.3 60.17 0.11 

TIME BETWEEN 1ST SYMPTOM AND 

ADMISSION 

100.35 105.52 0.901 

BLOOD SUGAR ADMISSION 156.01 180.01 0.021 
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HBA1C DISCHARGE  7.413 7.625 0.49 

HBA1C FOLLOWUP 7.477 7.07 0.644 

SBP 155.34 157.87 0.526 

DBP 87.82 90.53 0.23 

FASTING CHOLESTROL 194.34 167.68 0.002 

FASTING CHOLESTROL FOLLOWUP 139.41 147.13 0.238 

HDL DISCHARGE  46.35 47.29 0.689 

HDL FOLLOWUP 47.93 47.14 0.884 

LDL DISCHARGE 126.68 104.78 0.003 

LDL FOLLOWUP 81.17 82.32 0.853 

TGL DISCHARGE 109.13 99.74 0.245 

TGL FOLLOWUP 97.26 123.3 0.064 

HOMOCYSTEINE 17.42 18.43 0.841 

PLAQUE THICKNESS 0.264 0.2595 0.834 

PTET V1  0.0885 0.087 0.731 

PR INTERVAL  0.607 0.756 0.265 

LV SYSTOLIC DIMENSION 29.23 29.15 0.937 

LV DIASTOLIC DIMENSION 45.22 44.79 0.709 

EF 63.51 62.33 0.364 

NIHSS ADMISSION 8.32 7.75 0.554 

NIHSS DISCHARGE 4.95 7.1 0.011 

NIHSS FOLLOWUP 1.99 3.93 0.001 

 TABLE 5.16: SINGLE VERSUS RECURRENT STROKES: B 

PARAMETER  
 

SINGLE  RECURREN

T  

P 

VALU

E  

GENDER MALE 63.5 74.7 0.09 
 

FEMALE 36.5 25.3 
 

HEMISPHERE  VB 27 13.3 
 

 
RIGHT 30.8 38.7 

 

 
LEFT 40.3 45.3 

 

 
B/L 1.9 2.7 
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DM 
 

46.5 65.3 0.007 

HTN 
 

59.7 73.3 0.043 

DYSLIPIDEMIA 
 

29.6 26.7 0.648 

SMOKING 
 

22.6 29.3 0.269 

ALCOHOL 
 

21.4 24 0.653 

CAD 
 

11.3 29.3 0.001 

PCI/CABG 
 

6.9 24 0 

POVD 
 

0.6 14.7 0 

OLD STROKE LEFT 0 25.3 
 

 
RIGHT 0 28 

 

 
VB 0 6.7 

 

PRESTROKE STATIN 
 

18.2 49.3 0 

Prestroke_antiplatelet_use 1. ASPRIRIN 8.2 38.7 
 

 
2. NONE 89.3 54.7 

 

 
3. CLOPILET 6 0 

 

 
4. BOTH  1.9 6.7 

 

Imaging CT 28.9 29.3 0.97 
 

MRI 29.6 28 
 

 
BOTH 41.5 42.7 

 

INFARCT 

SINGLE/MULTIPLE 

SINGLE 84.3 66.7 
 

 
MULTIPLE 15.7 33.3 

 

OCCLUSION 
 

37.7 34.7 0.65 

Superficial_watershed 
 

23.9 41.3 0.006 

Internal_borderzone 
 

22 24 0.735 

MUTIPLE EMBOLIC 
 

17 20 0.574 

EC <30 96.9 96 0.713 
 

30-50 3.1 4 
 

IC <30 96.9 96 0.713 
 

30-50 3.1 4 
 

CHRONIC INFARCTS  TERRITORIAL 13.8 26.7 0.045 
 

LACUNAR 28.3 26.7 
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BOTH 15.1 18.7 

 

 
NONE 42.8 28 

 

WMHI 0 34.5 26.4 0.294 
 

1 40.7 38.9 
 

 
2 22.1 27.8 

 

 
3 2.8 6.9 

 

ATRIAL ECTOPIC ECG  
 

6.1 9.8 0.516 

LVH VOLTAGE  
 

7.8 13.7 0.26 

24 HOLTER NORMAL 8708 77.4 
 

 
ATRIAL 

ECTOPIC 

0 3.2 
 

 
SVT 6.9 11.3 

 

 
VENTRICULA

R ECTOPIC  

5.3 8.1 
 

TTE LA MILD LA 

ENLARGE 

5.1 2.6 0.526 

LV SYSTOLIC <30 54.7 59.2 0.596 
 

30-60 45.3 40.8 
 

LV_DIASTOLIC_DIMENSIO

N 

0 98.6 98.6 
 

 
1 1.4 0 

 

 
2 0 1.4 

 

IVTHROMBOLYSIS 
 

15.7 17.6 0.723 

MT 
 

8.8 8.1 0.86 

MRS DISCHARGE 0 14.6 11.3 0.031 
 

1 10.1 4.2 
 

 
2 19.6 15.5 

 

 
3 22.8 12.7 

 

 
4 29.7 52.1 

 

 
5 3.2 4.2 

 

MRS FOLLOWUP 0 42.4 24.6 0.035 
 

1 13.6 7 
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2 18.4 22.8 

 

 
3 15.2 22.8 

 

 
4 10.4 21.1 

 

 
5 0 1.8 

 

TABLE 5.17: BIVARIATE ANALYSIS 

PARAMETER AMONG THOSE WITH 

> 1 EVENT 

P VALUE 

GENDER  0.090 

      MALE 63.5%  

      FEMALE  36.5%  

DIABETES MELLITUS 65.4% 0.007 

NON DIABETIC   

HYPERTENSION 73.3% 0.043 

NON HYPERTENSIVE   

CAD 29.3% 0.001 

NON CAD   

MUTIPLE EMBOLIC 

PATTERN  

65.3% 0.006 

WITHOUT MULTIPLE 

EMBOLIC PATTERN 

34.7%  

SUPERFICIAL 

WATERSHED INFARCT 

41.3% 0.006 

NON SUPERFICIAL 

WATERSHED INFARCT 

58.7%  

MRS ON FOLLOWUP <=2 54.4% 0.007 

MRS ON FOLLOWUP >=3 45.6%  

 

TABLE 5.18 : MULTIVARIATE ANALYSIS 
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 P value 
Odds Ratio 

95% C.I.for 

Odds Ratio 

Gender 0.528 0.780 Lower Upper 

DM 0.764 0.891 0.420 1.891 

HTN 0.628 0.831 0.394 1.755 

CAD 0.012 0.296 0.115 0.762 

Infarct_pattern 0.014 2.710 1.227 5.988 

Superficial_watershe

d 

0.076 0.515 0.247 1.072 

MRS Followup 0.138 2.091 0.788 5.545 

NIHSS at Discharge 0.486 1.029 0.949 1.116 

 

 

 

Multivariate analysis showed statistical significance between recurrence of stroke and history 

of coronary artery disease and multiple embolic pattern of infarct.  
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6. DISCUSSION 

PREVALENCE 

We had 234 cases of ESUS/cryptogenic strokes satisfying criteria of ESUS, out of total 2087 

cases of stroke admitted during the study period, which accounts for 11.21% of cases. 

Percentage of ESUS among ischemic stroke varies between 7% to 42% in the various studies 

conducted(7).  

CLINICAL FEATURES 

Our study had a total of 234 patients and mean age was 58.2 ± 12.8. There were total 8 studies 

about the features of ESUS (7 )Study by Ntaios et al was the highest with 1095 patients (3).  

But in NAVIGATE ESUS study, 7213 patients were included(72). Mean age of the patients in 

the previous studies were varies from 44-73 years (7).  

In the previous studies, the prevalence  of risk factors- hypertension ranged from 25-74% (7) 

and Diabetes was  7 -32% (7) Our cohort had a high prevalence of vascular risk factors and 

coronary disease also. This finding has been noticed in most of the studies on risk factor profile 

and etiology of AIS from India. As per the study from Calcutta by Das et al, hypertension rate 

was higher in the community including unrecognised hypertension (86). In Trivandrum stroke 

registry study by Sapna et al, it was found that around 90% had risk factors (87). Among our 

subjects, hypertension and diabetes were the predominant risk factors and 88% had atleast 1 

risk factor.  

 17.5 % were smokers and 7.3% were reformed smokers in our study. This is similar to the 

study conducted by Sapna et al which stated that 26.8% had history of smoking (87). 22.2 % 

were alcoholic in our cohort, which was higher than the study conducted by Scavasine et al 

(88).  

In our study, predominantly was hemispheric strokes ( left more than right) while 2.1 were 

bihemispheric strokes. This is comparison to the study conducted by Veltkamp et al, where 

44% of ESUS were left hemisphere, 33% right hemisphere , and 8% vertebrobasilar stroke. 

But they had 15% multiple artery territory strokes while in our study it was lesser (89).  

In the systematic review by Hart G et al, it was found that he recurrence of stroke in ESUS 

cases are around 4-4.5% (7). RE-SPECT ESUS trial reported that recurrent strokes was having 

association with past cerebrovascular events.(9)  In our study, we found 46 patients had past 

history of stroke/TIA. Among those with past h/o stroke, it was predominantly hemispheric 

strokes (19 had left hemispheric, 21 had right ) than vertebrobasilar and multiple territorial.   .  
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 In our cohort, we found that 28.6% had dyslipidemia and mean LDL was 119.7 ± 49.5. In 

RESPECT ESUS study also the role of dyslipidemia was proven (9). The increased rate in our 

cohort can be due to early onset of metabolic syndrome or due to the genetic predisposition in 

Asian population. In the study conducted by Pandit K et al, it was found that in south Asians 

the risk of metabolic syndrome and risk factors were found to be more (90).  

In our study, Prestroke antiplatelet use was in 21.8% cases, among which predominantly were 

on aspirin. Jung JM et al, it was found that  strokes caused by Small vessel disease  was more 

in those having prestroke antiplatelet use than large artery atherosclerosis (91). Our patients 

were not on anticoagulation at the time of presentation.  

In ESUS cases, usually strokes are milder and Median NIHSS score was 5 as per study 

conducted by Ntaios et al, while the one conducted by Arauz et al was 7. (3, 72, 89). The mean 

NIHSS was 7 in the brazilean cohort of ESUS(92). This was comparable with the mean NIHSS 

of our study which was 8.1± 6.9 at admission and 5.6 ± 5.9 at the time of discharge.  

NEUROIMAGING PARAMETERS 

 

In NAVIGATE  ESUS trial,  93% had recent or chronic brain infarcts of which  multiple 

infarcts seen in 70% and multiple arterial territories in 62 and 68% had silent infarcts. Also it 

was predominately cortical infarcts than subcortical. Among those with multiple large and/or 

cortical infarcts, 57% had infarcts of ESUS(72). In our study, 61.9% had chronic infarcts. Out 

of which, 17.9% territorial infarcts, 27.8 % lacunar infarcts,16.2% had both territorial and 

lacunar infarcts. In the FIND AF trial, multiple embolic pattern was seen in ESUS cases of 

42.3% and 30.8% had multiple arterial territory (93).  In our study, 76.5% had single infarct, 

while 2.4% had multiple infarcts and 2.1 % had MRI normal. Also infarct patterns, 34.6% had 

multiple embolic pattern, 29.5 % had superficial watershed infarct, 22.6 internal border zone 

infarct. The difference in the infarct pattern from the previous studies could be due to difference 

in demographic features and risk factors.  

In the study conducted by Siegler et al, it was found that substenotic plaques were more in 

people <65 years in those with ESUS (48% in <65 year) (94). Kamtchum-Tatuene studied the 

importance of high risk plaque characteristics in ESUS (95).  In our study, among 3.4% had 

30-50% stenosis. However, the plaque characteristics were not studied in our study.   
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In the study conducted by Guo et al stated, that most of cardioembolic cases had  mild to 

moderate degree of white matter ischemic changes. Also it was found that lesser the white 

matter ischemic changes, better the prognosis (96). In our study we found that there is 40.8 % 

had Fazekas grade 1, 24% had grade 2 and 4.1 % had grade 3 white matter changes while 

31.8% didn’t had any white matter ischemic changes. However in our study, there was no 

statistical significance for white matter changes regarding the recurrence of events. 

CARDIAC PARAMETERS 

The role of atrial cardiopathy in ESUS were studied in few trials. (97, 98, 99 ). Atrial 

cardiopathy is defined as NT-proBNP > 250 pg/mL, or P wave terminal force in lead V1 

PTFV1 > 5,000 μV·ms, or severe LAE) , and atrial cardiomyopathy is defined as LA > 38 mm 

for women and >40mm for men or if supraventricular extrasystoles was present in nearly 45% 

ESUS patients. In our study, mean PTFV1 was 0.09 ± 0.09 and was raised in 39% of the cohort. 

. PR interval was raised in 17.1 % cases. There was atrial arrhythmias in 15.5% cases including 

atrial and supraventricular ectopics. From the Transthoracic Echo, it was found that 4.2% had 

mild left atrial enlargement. LV systolic dimension was 30-60 in 44%, while 56% had <30. LV 

diastolic dimension was normal for 98.6% and mild increase in 0.9 and moderate increase in 

0.5%. A total of 46.5% cases had some of the markers of atrial cardiopathy. This was similar 

to the prevalence found in other studies. This was similar to the previous trial in which it was 

found that about 6% had a left atrial dimension ≥4.7 cm and no ipsilateral plaque, 24%  had 

ipsilateral plaque and no left atrial enlargement, and 2.4% had both. Patients with left atrial 

enlargement were more likely to be male, white, enrolled in Europe, and have hypertension. 

63% cryptogenic stroke patients have an increased prevalence of markers of atrial 

cardiomyopathy (97). In the study conducted by Lotlikar et al, recurrence of large vessel 

atherosclerotic disease and cryptogenic strokes were studied and it was found that atrial 

cardiopathy is having significant role in prediction of recurrence (100).  

OUTCOME AND RECURRENCE 

In the study conducted by Arauz A et al,  stroke recurrence was similar between ESUS and CS 

patients (5.4% vs. 9.8% respectively, p = 0.12). Death occurred in 30 CS cases (12.8%). Stroke 

recurrence was similar between ESUS and CS patients (5.4% vs. 9.8% respectively, p = 0.12). 

Death occurred in 30 CS cases (12.8%) (101).  In our cohort,11.3% had worsening during 

hospital stay. On followup of 1 year, 8.2% cases had recurrence of stroke on ipsilateral side. 

3.8% had contralateral or vetebrobasilar strokes. 2.7% had cardiac events.  In the study 
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conducted by Ntaios et al, 6.8% was recurrence rate, 9.0% risk of other vascular events. (3, 72) 

Recurrence rate was higher in our cohort which might be due to the higher incidence of risk 

factors and poor control of the same.  

Zivozonic et al opined that IV thrombolysis has better outcome in ESUS group than 

cryptogenic strokes. Out of 394 cases thrombolysed, 62 were satisfying criteria of ESUS.  After 

24h, neurological improvement was similar in both groups (59.7% in ESUS group versus 

51.3% in Cryptogenic stroke group, p= 034). But favorable outcome (mRS 0–2) at discharge 

and at 3 months was more common in ESUS group (102). In our study 16.3% (38) patients 

underwent IV thrombolysis and  8.6% (20) underwent mechanical thrombectomy as well,which 

is similar to the overall thrombolysed patients among hospital admissions for AIS. 

Outcome of cohort on followup based on MRS was studied. In our study MRS  <2 was seen in 

40.1% at the time of discharge. 68.4% had MRS <2 on 1 year followup. This was comparable 

with the outcome of the cases as per study conducted Arauz A et al, found MRS of <2 in 72.5% 

on followup (101).  

Among discharge medications, 34.9 % was on single antiplatelet and 64.6% was on dual 

antiplatelets and 0.4% was on anticoagulation. The discharge medications used were in parallel 

with the other trials on ESUS and as per AHA guidelines. The role of oral anticoagulants 

dabigatran, rivaroxaban and apixaban were studied in RE-SPECT ESUS, NAVIGATE ESUS, 

ATTICUS trials (8,72, 103). But significant benefit could not be found over antiplatelets in 

them. 

Cardiac and neuroimaging parameters were compared among those who had stroke in the past 

and those who having stroke for first time. 0.92 was the mean PR interval for those who had 

past h/o stroke. There was statistical significance for the same with p value 0.042. Hypertension 

was more in those who are having stroke for first time (p value 0.004). Dyslipidemia, CAD, 

h/o CABG/PCI and PVOD were more common in people who had previous h/o stroke /TIA.  

Presence of atrial ectopics were more in patients with previous stroke/TIA (16.7%) than those 

presenting as first episode of stroke (5.1%) with p value of 0.027.  

In people with in hospital recurrent events, terminal branch occlusion was more (n=15) than 

those who didn’t (n=11)  (p value=0.019 ). 22 patients (91%) in those who had in hospital 

recurrent events had discharge MRS of 3-5 while 2 had MRS <2. 56.1% of those who didn’t 

had recurrent events had MRS 3-5 while 43.9% had discharge MRS of <2.   
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In the RE-SPECT ESUS trial, it was found that independent predictors for recurrent stroke  

were previous stroke/ TIA before the index event (HR, 2.2 [95% CI, 1.83–2.82]), creatinine 

clearance <50 mL/min (HR, 1.69 [95% CI, 1.23–2.32]), male sex (HR, 1.60 [95% CI, 1.27–

2.02]), and CHA2DS2-VASc ≥4 (HR, 1.55 [95% CI, 1.15–2.08] and HR, 1.66 [95% CI, 1.21–

2.26 for scores of 4 and ≥5, respectively) . (8).  

NAVIGATE ESUS trial showed factors associated with recurrent ischemic stroke by bivariate 

analysis. They were older age (68.4  in recurrence versus 66.9 years). Other features 

significantly associated with recurrent ischemic stroke were current tobacco use, stroke or TIA 

prior to the qualifying stroke, diabetes mellitus, Asian race, multiple acute infarcts on 

neuroimaging, time from qualifying stroke to randomization, and aspirin use prior to the 

qualifying stroke (72).  

Ntaois et al, stated that age, is a strong predictor of stroke recurrence and death in ESUS. 

However sex is not a predictor. The risk is 3 and  8 fold higher in patients >80 years compared 

with those > 60 years of age, respectively.  Ischemic stroke/TIA recurrences and deaths per 

100 patient-years were 2.46 and 1.01 in patients <60 years old, 5.76 and 5.23 in patients 60 to 

80 years old, 7.88 and 11.58 in those >80 years old, 3.53 and 3.48 in women, and 4.49 and 3.98 

in men, respectively. (3, 72)  

 

In our study, on followup, it was found that 15 patients had recurrent events on ipsilateral side.  

of which 11 were males and 4 were females. Smoking was associated with recurrence of events 

on ipsilateral vascular territory with statistical significance ( p value of 0.045). PVOD was also 

found to have statistically significant with a p value of 0.045 . Pattern of infarcts with 

superficial watershed infarct was having statistical significance in patients with ipsilateral 

recurrent events. ( p value 0.001). Also those with multiple embolic pattern was also having 

statistical significance. ( p value 0.019).  

7 patients had contralateral or vertebrobasilar events. Any contralateral or vertebrobasilar 

events were more common in those with smoking, alcohol intake and raised triglyceride levels 

( p values 0.045, 0.025,  0.010 respectively.).The history of prestroke statin and antiplatelet use 

was more in people with recurrent use. However it might be due to the confounding factors.  

Multivariate analysis showed statistical significance between recurrence of stroke and history 

of coronary artery disease and multiple embolic pattern of infarct. This was in comparison with 

the multivariate Cox proportional hazard analyses conducted by Nezu T et al, which showed 

that multiple infarcts were independently associated with recurrent stroke and all-cause 

mortality (hazard ratio, 3.79; 95% confidence interval, 2.24–6.37; P<0 (104). In the study 
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conducted by Hou Y et al, comparing young and older ESUS cases, the role of multiple cardiac 

diseases was also found to be related to recurrence of stroke in older patients, while in younger 

it was only unclosed PFOs (105).  
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7. CONCLUSION 

 Prevalence of ESUS was 11.21%in our cohort of acute ischemic stroke.  

 Our patients had a mean age was 58.2 ± 12.8 and a high prevalence of vascular risk 

factors. 

 While any of the atrial cardiopathy markers were present in 46.5% of ESUS patients, 

atherosclerotic plaques causing 30-50% stenosis cases were seen in 3.8% 

 Our cohort had an annual recurrence risk of 9.4%.  

 There was significant correlation between risk factors-total cholesterol, LDL, Diabetes 

Mellitus, Hypertension, Coronary artery disease, Peripheral Vascular Occlusive 

Disease and functional status at discharge with recurrence of events in patients with 

ESUS 

 Imaging pattern of superficial watershed infarcts had a significant association with 

recurrence risk at 1 year.  

 Multivariate analysis showed statistical significance between recurrence of stroke and 

history of coronary artery disease and multiple embolic pattern of infarct. 

 At end of 1 year, on followup, most patients had good outcome with 36.8% had MRS 

0 while 68.03% had MRS less than or equal to 2.  

 High prevalence of vascular risk factors and its association with recurrence risk 

reiterates the importance of risk factor in the population of ESUS as well. 
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PROFORMA 

 

Baseline data 

1A SERIAL NO  

1B AGE  

1C GENDER  

1D Date of first event  

1E Type of event Stroke/TIA 

1Fa Hemisphere involved  

1G Time between first symptom 

and admission 

 

1H Admission NIHSS  

1I DM  

1J HYPERTENSION 

If yes-medications 

Betablockers 

CCB 

Alpha blockers 

ACE-I 

ARB 

Diuretics 

More than one  

 

1K DYSLIPIDEMIA  

1L SMOKING Current/ex->3 months/never 
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1M Alcohol  

1N CAD  

1O PCI/CABG done  

1P POVD  

1p1 Prestroke statin use  

1p2 Prestroke antiplatelet use Aspirin 

Clopidogrel 

Both 

none 

1Q Admission blood sugar  

1R HBA1C  

1S Admission BP  

1T Fasting Cholesterol  

1U HDL  

1V LDL  

1W TAG  

1X Serum Homocysteine  

1y Vasculitic workup  

 

Imaging data 

2a Type of imaging CT/MRI 

2b Infarct pattern 

Single versus multiple arterial territories  

 

Y/N 
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Territorial Main artery/Branch occlusion 

Superficial watershed 

Internal borderzone 

Lacunar 

Multiple embolic 

2c Ipsilateral vessel involvement 

EC 

IC 

 

<30% 

30-49% 

50-69% 

70-99% 

Occlusion 

2f Plaque thickness <2mm 

2-3mm 

3-4mm 

4-5 mm 

>5mm 

 

 

2g chronic infarcts 

territorial 

lacunar  

both 

 

2h WMHI  

Fazekas grade 0/1/2/3 
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Cardiac investigations-ECG 

3a PTEF-V 1 

>4000microvolt*duration in ms 

>5000 microvol*ms 

 

3b INTERATRIAL BLOCKS 

P wave duration  

>110 ms 

 

 PR interval  

Duration>200 ms  

 

3c Presence of SVT  

3d Presence of atrial ectopics  

3e LVH –voltage criteria  

3f AF  

<30 seconds 

>30 seconds  

 

3g 24 hour Holter-done 

Atrial ectopics 
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SVT 

Atrial fibrillation 

Burden  

3h 7 day holter  

Atrial ectopics 

SVT 

Atrial fibrillation 

Burden 

 

 

 

Cardiac investigations-ECHO  

3a TTE-LA diameter 

Normal  

Male ≤ 40     Female ≤ 38 

Mild LAE  

Male 41-46  Female 39-42 

Moderate LAE 

Male 47-51  Female 43-46 

Severe LAE 

Male ≥52  Female ≥47 

  

3b LA volume 

>34 ml/m2  

 

3c Spontaneous echo contrast   

3d LV dimension systolic  
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3e LV dimension diastolic  

3f EF  

 

Outcome data-discharge 

3a In hospital recurrent events  

3b Type of recurrent events Stroke/TIA 

3c Discharge NIHSS  

3d Discharge MRS  

3e Discharge antiplatelets Aspirin 

Clopidogrel 

Both 

Anticoagulation 

3f Discharge diagnosis-TOAST 

1.LAA 

2.Cardioembolic 

3.lacunar 

4.other determined causes-

specify 

5.cryptogenic 
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1 year  followup 

4a  NIHSS  

4b MRS  

4c Any ipsilateral recurrent 

events 

TIA 

Stroke 

None 

4d Any C/L or VB events  

4e Any cardiac events  

4f HBA1C  

4g F cholesterol  

4h LDL  

4i HDL  

4j TAG  

 Etiology   
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