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Review

In the USA, approximately 7 million living 
individuals have had clinical stroke and 13 mil-
lion have had silent stroke [1]. The majority 
(87%) of these clinical strokes, are ischemic 
[1]. There are multiple subtypes of ischemic 
stroke with large vessel thromboembolic and 
cardioembolic being the most dominant [2]. 
Approximately, one in five ischemic strokes is 
caused by emboli from cardiac sources [3]. ECG 
(Figure 1) is a noninvasive diagnostic tool used for 
both diagnosis and prediction of several cardio-
vascular diseases (CVDs). One can expect to 
find ECG abnormalities such as left ventricu-
lar hypertrophy (LVH) in those with incident 
hemorrhagic stroke due to common risk factors 
such as hypertension [4]. ECG abnormalities 
representing stigmata of underlying coronary 
heart disease (CHD) may be present before 
incident thromboembolic stroke due to shared 
atherosclerotic risk profile. This review focuses 
on the role of ECG in predicting occurrence of 
 cardioembolic stroke.

The authors do understand that it is often dif-
ficult to differentiate cardioembolic stroke from 
other subtypes, specifically large vessel throm-
boembolic stroke, either clinically or with imag-
ing. This is an important limitation of studying 
ECG predictors of stroke, since the TOAST Trial 
 criterion include the presence of atrial  fibrillation 
(AF) as a high risk for the heart [2].

Sources of cardioembolism include left 
atria, mitral or aortic valves, left ventricle or 
a  paradoxical passage from the right-sided 
 circulation. Stasis or local flow dynamics in a 
dilated/fibrillating chamber of the heart are 
thought to be the basis of increased thrombo-
genesis. For instance, valvular or nonvalvular AF, 
sick sinus syndrome, recent myocardial infarc-
tion complicated by aneurysm, dilated cardiomy-
opathy, segmental akinesis, and so on, may create 
thrombo-conducive  settings. Other sources such 
as emboli from infective endocarditis, primary 
tumor or mechanical valve thrombi are not 
common. Iatrogenic embolisms during cardiac 
 intervention are not discussed in this article.

Kallmünzer et al. have discussed common 
arrhythmias during and following a stroke event 
[5], and the hemodynamic changes associated 
with acute stroke may lead to some of them. 
There is abundant literature of ECG findings 
during and following stroke; the authors will 
use it to guide part of the discussion below with 
an assumption that some of these ECG find-
ings were present prior to stroke and were not a 
result of stroke. However, the authors will not 
discuss the role of ECG as an aid in diagnosis 
of acute stroke. In this review we discuss vari-
ous ECG findings, their meaning, prevalence, 
relationship with ischemic stroke, potential 
mechanisms linked with stroke, paradoxes and 

Sunil K Agarwal*1 and 
Elsayed Z Soliman2

1Johns Hopkins University, 2020 E. 
Monument Street, B321, Baltimore, 
MD 21224, USA
2Epidemiological Cardiology Research 
Center (EPICARE), Wake Forest School 
of Medicine, Medical Center Blvd., 
Winston-Salem, NC 27157, USA
*Author for correspondence:  
Tel.: +1 443 287 1840  
Fax: +1 410 955 0476  
sunilagarwal@jhu.edu

In this review, the authors discuss the role of ECG in prediction of stroke. ECG plays an 
important role in detection of several stroke risk factors/predictors including atrial fibrillation 
and left ventricular hypertrophy; both are components of the Framingham Stroke Risk 
Score. Multiple other ECG traits have also emerged as potential predictors of stroke, namely 
cardiac electrical/structural remodeling – Q wave, QRS/QT duration, bundle blocks, P wave  
duration/amplitude/dispersion, other waveform angles and slopes; higher automaticity – ectopic 
beats; and re-entry – atrial tachyarrhythmia; and higher vulnerability to arrhythmia – heart rate 
and its variability. Most of these predictors are not ready for prime time yet; however, further 
research focusing on their role in risk stratification and prevention of stroke may be useful. In 
this article, the authors discuss the prevalence, mechanisms and clinical applications of traditional 
and novel ECG markers in the prevention and treatment of stroke.
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a few unanswered questions. The relationships of most ECG 
findings with stroke are likely confounded by several modifiable 
risk factors such as hypertension, coronary artery disease, atrio-
ventricular (AV) remodeling, valvular heart diseases and a few 
 cardiomyopathies and are probably not causal. However, these 
ECG markers may help in identifying underlying risk factors, 
risk  stratification, patient education and research.

Atrial fibrillation
AF is the most common clinical arrhythmia with an estimated 
US prevalence of 2.7–6.1 million, which is expected to double 
by 2050 [6]. AF is characterized by the presence of supraventricu-
lar rhythm in the absence of consistent P waves. Its estimated 
 prevalence is 5.9% in those older than 65 years of age [7].

Atrial flutter distinguishes itself from AF by presence of flutter 
waves, its mechanism of origin and propagation, its low preva-
lence, higher treatment success with ablation and likely lower rela-
tive mortality [8]. It is, however, clinically difficult to distinguish 
from AF and is often lumped with AF in population-based studies.

AF is often asymptomatic and paroxysmal in nature and remains 
clinically undetected; thus, its absolute as well as attributable risk 
with outcomes is most likely underestimated [1]. For instance, 
even in selected studies of patients with known paroxysmal AF, 
AF detection rates were low and incrementally improved with 
longer duration of ECG recordings – 24.3% (18/74) on 10-s ECG, 
33% (25/74) on 24-h Holter and 51.4% (38/74) on long-term 
ambulatory recording [9]. There may be additional differences in 
the algorithms used in detection independent of recording dura-
tion. For instance, among stroke patients, the use of hospital con-
tinuous cardiac telemetry showed poorer AF detection rate than 
Holter monitoring of even shorter duration [10]. Another area of 
differences is algorithms used to detect AF during Holter versus 
telemetry. Mittal et al. have reviewed the utility versus limitation 
of various systems in a review published in 2011 [11]. Systemic pulse 

examinations during regular clinic visits 
increased detection rate by 60%, thus this 
is the suggested screening method (level of 
evidence IIa) in those aged >65 years fol-
lowed by ECG if abnormal [3]. A consen-
sus statement from the UK by Harris et al. 
summarized studies on AF detection using 
several methods [12].

AF is a strong and independent predic-
tor for cardioembolic stroke raising its risk 
approximately fivefold [1]. AF is one of the 
components in Framingham stroke risk 
prediction profile [13]. Unfortunately, AF is 
often asymptomatic and a stroke event may 
be the first manifestation leading to its detec-
tion. Approximately a fifth of cryptogenic 
stroke patients had AF on 21-day telemetry 
follow-up [14] and approximately a third 
of ischemic stroke patients had AF during 
in-hospital telemetry and patient interview 
3 months after discharge [15]. In addition, AF 

is associated with higher stroke severity and portends poorer short-
term poststroke prognosis [16]. The proportion of strokes attributed 
to AF increases with aging to approximately one in four strokes at 
80+ years of age (a subgroup with highest stroke risk) [1].

There are several potential mechanisms linking AF with 
increased stroke risk. First, the relationship between AF and 
increased thrombogenesis is complex; there are several studies 
which indicate that AF itself elevates prothrombotic state – these 
articles are viewed by Watson et al. [17]. Another recent review by 
Guo et al. discussed inflammation as a putative cause of increased 
thrombogenesis in AF through increased production of thrombo-
genic substrate, activation of monocyte/macrophage/platelets and 
endothelial dysfunction etc. [18]. A recently published study looked 
at several of the above markers both locally in atrial and peripheral 
blood among patients in sinus rhythm and undergoing AF abla-
tion. These results showed that both atrial tachycardia (induced) as 
well as induced AF, within 15 min after induction, were associated 
with an increase in thrombogenic risk factors – more so locally 
than systemic and also more so in AF than atrial tachycardia [19].

Irrespective of the mechanisms for increased thrombogenesis, 
the use of anticoagulants can reduce the risk by 64%; a timely 
diagnosis and appropriate treatment can reduce stroke risk, its 
severity, poststroke mortality and quality-adjusted years lost to 
stroke [3]. Although there are no clinical trials, observational 
studies indicate low stroke risk in patients who have undergone 
catheter ablation for AF even after However, the above is highly 
speculative without masked controls. Importantly, there is a cru-
cial gap in the understanding of optimal modality and duration 
of screening for AF. There is no specific guidance in the American 
Heart Association/American Stroke Association Guidelines for 
prevention of stroke in patients with stroke or transient ischemic 
attack [21]. There a few other paradoxes discussed below such as 
a lower burden of AF in African–Americans, independence of 
stroke risk to AF burden or rhythm control through intervention. 

Figure 1. ECG waveforms and intervals.
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An NHLBI working group (Benjamin et al.) published a use-
ful document highlighting research directions to develop our 
 understanding towards AF prevention [22].

The availability of ambulatory devices that can record ECG for 
long durations without much discomfort to a patient’s routine can 
help answer the questions above. However, a recent pilot study with 
20 patients with cryptogenic ischemic stroke or those at high risk of 
transient ischemic attack randomized to outpatient telemetry versus 
routine care did not detect AF in either arm (likely underpowered), 
but it showed that one in four patients was not at all compliant 
with monitoring and others wore the devices 64% of the time [23]. 
Studies looking at strategies for screening intermediate-high-risk 
individuals before the first stroke event are lacking. Such studies 
are now possible with use of risk scores for AF prediction [24–26] and 
use of some easy to use ambulatory ECG telemetry devices. These 
risk scores typically include age, race, markers of obesity, blood 
pressure and antihypertensive valvular heart disease, ECG-LVH, 
current smoking, diabetes and history of myocardial infarction and 
heart failure (HF). Although these risk factors may be expected to 
predict stroke in patients with AF, this remains to be studied. On a 
brighter note, a study recently started in Sweden to randomize 75- to 
76-year-old community dwellers to intermittent ECG monitoring 
is a step forward [27].

Another area of work is the AF burden paradox among African–
Americans. The prevalence of AF in studies using 10-s ECG 
or hospital discharge codes is paradoxically lower in African–
Americans, who have higher stroke rates than Caucasians [28]. 
However, the association of AF with stroke does not differ by race 
[29]. This raises a strong possibility of higher rate of paroxysmal 
AF among African–Americans. Importantly, African–Americans 
were shown to have a higher burden of ECG markers that predict 
AF [29]. The above points to a possibility of African–Americans 
have higher burden of paroxysmal AF, and if this is the case, 
it presents an important  opportunity to bend the curve of high 
stroke risk seen among this ethnic group.

Another paradoxical finding is that burden of AF (paroxysmal, 
persistent or permanent) does not explain any significant vari-
ance in stroke risk [30]. Furthermore, conversion to sinus rhythm 
through electrical/chemical or ablation has not been shown to 
reduce stroke risk. The above observations do raise a question 
of whether another phenomenon such as atrial tachyarrhythmia 
(AT), even those of short duration that are related to AF and 
thrombogenesis, is the cause of increased stroke risk and not AF 
per se. A recent small study showed an increase in thrombogenesis 
in patients in sinus rhythm undergoing ablation for AF – a rise in 
markers on AF induction or tachycardia [19].

Finally, for patients with AF, there is ongoing research and 
debate about risk prediction scores for stroke such as CHADS2, 
CHA2DS2-VaSC and for bleeding such as HAS-BLED to 
guide in appropriate use of antiplatelet versus anticoagulation 
 medications for stroke prevention [31].

AT & atrial ectopic
In a recent published study that examined 2580 patients without 
clinical AF and recent pacemaker or defibrillator, AT (>190 beats 

per min for more than 6 min detected within 3 months of device 
implantation) was associated with a 2.5-fold increased stroke risk 
(hazard ratio: 2.49; 95% CI: 1.28–4.85) and  a 5.5-fold increased 
risk of clinical AF during an average follow-up of 2.5 years [32]. 
Episodes of subclinical AF were detectable in 34.7% of the partici-
pants and were eight times more common than clinical AF, which 
developed in 15.7% of those with AT.

Premature atrial contractions (PACs) are very common in gen-
eral population using long-term recordings; only 1% of those aged 
>55 years did not have any PAC on 24-h Holter [33]. At least one PAC 
was seen in 4.9% of middle-aged men and women on 2-min rhythm 
strip [34]. The proportion with higher burden (>70 PACs per day) 
ranged from 14% among those aged 50–55 years of age to 46.7% 
among those aged 70 years or older [33]. PACs have been associated 
with an approximate twofold increase in the risk of stroke [34,35]. 
Presence and burden of PACs has been shown to strongly predict 
AF poststroke [14,36]. In patients with sick sinus syndrome, atrial 
pacing has been shown to reduce paroxysmal AF and reduction of 
PACs is thought to be one of the important putative mechanisms 
[37]. Although it is likely that this association is mediated by the 
occurrence of AF, one could speculate that PACs may be a marker 
of severe hypertensive heart disease, higher atherosclerotic burden 
or structural heart disease – all of which could add to the risk of 
thromboembolism [35]. In addition, not all PACs are the same and 
certain characteristics, such as coupling intervals (P to P duration), 
were significantly shorter in AF-inducing PACs compared with non-
AF inducing or healthy controls [38]; certain subgroups of patients 
had cycle length oscillation prior to initiation, whereas in others, it 
may be initiated by a single PAC [39]. Thus, the role of substrate in 
maintaining AF cannot be underestimated.

The immediate utility of these findings may lie in tailored or 
long-term ambulatory ECG screening for cryptogenic stroke in 
individuals with these findings, as well as trials studying the risk–
benefit of anticoagulants in individuals deemed to be at high risk 
because of their presence.

Other atrial or AV conduction ECG parameters
Several ECG markers of atrial or AV nodal mechanical/substrate/
electrical conduction abnormalities have been related to both 
incident AF and stroke. P terminal force (negative portion of P 
in V1) is associated with both AF and stroke [40]. Among several 
ECG predictors of AF, it was the strongest predictor of stroke [29]. 
P wave area was associated with both an increased risk of AF and 
stroke [29]. P wave morphology, such as notching – a likely indicator 
of left atrial enlargement – was found to be associated with incident 
stroke [41]. Among several predictors of AF, P wave duration was 
one of the strongest predictors of AF incidence [29,42]. However, 
it was not independently associated with higher stroke risk when 
continuous P wave duration was regressed with log–linear risk of 
stroke [29]. In another study, a prolonged P wave interval of >120 ms 
was associated with higher risk of stroke [40]; atrial late potentials 
(using signal-averaged ECG) were the strongest predictor (hazard 
ratio: 11.15) of AF detected within a 1-year poststroke follow-up [36]. 
Signal-averaged ECGs require specialized equipment, high fidelity 
and for the patient to lie completely still for 3–5 min.

ECG markers & stroke prediction
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The use of these ECG markers for risk stratification and trials 
with antiplatelets/anticoagulants to reduce stroke risk in high-risk 
groups needs strong consideration.

Left ventricular hypertrophy
The prevalence of LVH ranges between 1 and 18% in the general 
population [8,43–46] and varies by a study’s demographics, meas-
urement modality and criteria. A recent review by Cuspidi et al. 
reported a prevalence of 36–41% among patients with hyper-
tension by echocardiography [47]. In the Multi-Ethnic Study of 
Atherosclerosis (mean [standard deviation] age: 62 [10] years) 
using MRI, the prevalence of LVH was 7.7% [43]. Although most 
ECG criteria had low sensitivity, they were highly specific [43].

ECG-derived LVH has been strongly linked with the risk of 
ischemic stroke [48]. LVH also predicts cognitive dysfunction where 
subclinical stroke is a potential contributor [49,50]. It is even included 
as a predictor in several stroke risk profiles including the Framingham 
[13] and the ARIC study [51]. Importantly, LVH was common among 
stroke patients but was probably not a consequence of stroke as it 
was not supported by increased findings poststroke compared with 
baseline tracings [52]. Furthermore, there are a plethora of ECG cri-
teria to define LVH – all of which have reportedly poor sensitivity 
but good specificity that varies with ethnicity, and a few perform 
better than others in predicting CHD outcome [43]. In a parallel 
analysis that included either Cornell product or Sokolow–Lyon volt-
age in multivariable models, a low value of each was independently 
associated with lower stroke risk. The association with a lower stroke 
risk was stronger with lower Sokolow–Lyon voltage (0.81; 95% CI: 
0.75–0.89) than Cornell product (0.90; 95% CI: 0.84–0.96) [53]. 
Another review published in the same journal discussed LVH derived 
using several modalities [54]. A head-to-head comparison of several 
of the ECG-LVH criteria in predicting stroke remains unstudied.

In a 2009 study, ECG-derived LVH remained associated with 
mortality despite adjustment for echo-derived left ventricular 
(LV) mass [55]. One could speculate several reasons for the above 
findings including measurement error in LV mass, with ECG LV 
mass being a function of geometry rather than total mass itself. 
Also, whether ECG-derived LV mass remains predictive of stroke 
despite adjustment for LV mass derived from imaging studies 
remains unclear. In any case, ECG remains a cost-effective tool for 
detecting LVH; it is especially useful if it does not show that LVH 
or ECG-LVH has a high negative-predictive value for true LVH.

Subramaniam and Lip published a review in Expert Review of 
Cardiovascular Therapy highlighting a paradoxically higher pro-
portion of thrombotic stroke in hypertensive rather than hemor-
rhagic patients [49]. The above-mentioned review points to the 
higher risk of intermediaries such as diastolic HF and AF seen with 
LVH as putative intermediaries to ischemic stroke [49]. In addition, 
the authors discuss a few studies suggesting an increased inflamma-
tory as well as hypercoagulable state with hypertension as potential 
confounders/intermediaries [49]. However, the direct effect of LVH 
on increasing the risk of ischemic stroke remains elusive.

Although changing from LVH to no-LVH was associated with 
reduced clinical events in two previous meta-analyses [56–58], a 
recent meta-analysis did not find a reduction in stroke risk with 

continuous LV mass regression independent of treatment in 
hypertensive patients [59]. Whether regression in LV mass por-
tends reduced stroke risk independent of blood pressure treat-
ment remains unknown. Other pathways leading to LVH such 
as valvular heart disease and hypertrophic cardiomyopathy may 
need better delineation to improveer signal after treatment with 
antihypertensives and LV mass regression.

Premature ventricular complexes
The prevalence of frequent premature ventricular complexes 
(PVCs >30/h) is estimated to be around 6% in middle-aged indi-
viduals [60]. PVCs have been associated with higher incidence of 
AF [61,62], HF [63] and ischemic stroke [61]. The association of PVCs 
with ischemic stroke was present even among apparently healthy 
individuals (nondiabetic, normotensive, without history of CHD 
or Q wave infracts) [61]. The most important debate surrounds 
their role as a causal factor versus a risk marker for other sub-
clinical ischemia/infarct. Few existing studies point to adverse AV 
remodeling [64–66] and reversal of cardiomyopathy with ablation 
of PVC focus in selected patients [67]. In this context, both origin 
(right sided, thus, a left-bundle branch block pattern) [66,68], and 
burden [69] of PVCs may help identify individuals at higher risk of 
poor outcomes. Beyond being a marker of subclinical CVD, there 
are a few pathways linking PVCs to ischemic stroke, such as atrial 
remodeling or common genetic risk profile linking it to higher 
risk of AF, tachycardia-induced cardiomyopathy and unadjusted 
confounding caused by LV mass [70] or other risk factors [71].

Attempts to chronically suppress PVCs using antiarrhythmic 
medications in patients with acute myocardial infarction were 
associated with higher rate of arrhythmic deaths in the CAST 
Trial [72]. If future studies from a well-characterized cohort rep-
licate the findings of high stroke rate in those with PVCs, then 
quasi experimental studies followed by clinical trials should exam-
ine if PVC-suppressing medications, such as β-blockers, calcium-
channel blockers or alternative use of antiplatelets/anticoagulant 
agents, can reduce stroke risk.

At this time, it seems appropriate to closely follow-up those with 
higher burden (>10%) of PVCs for asymptomatic LV dysfunction 
or diastolic dysfunction.

QT interval
QT interval reflects a sum of excitation time and action poten-
tial duration of myocytes that repolarizes last [8]. The prevalence 
varies by study sample, formula for correction and cutoff points 
used, which ranges from 4 to 6% among community-based studies 
[8]. Multiple factors associated with higher QT interval include 
advancing age, female gender, higher LV mass, old  myocardial 
infarction, diabetes, renal insufficiency, dialysis, liver dysfunction, 
electrolyte imbalance etc. but most importantly, it may reflect the 
effect of certain antiarrhythmics, diuretics and other medications 
and can act as a marker of potential adverse effects [8]. Importantly, 
QT prolongation can also occur with stroke  [52]. QT prolongation 
is associated with a two- to fourfold increase in death, including 
torsades de pointes and sudden death [8]. A recently published 
study reported a more than 60% increased risk of stroke in those 
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with a high QT-corrected interval independent of several CVD 
risk factors, prevalent AF, LVH and medication use [73]. The above 
relationship was not influenced by correction formulas [73].

Other ECG markers
Heart rate variability & heart rate
Poor heart rate modulation is a marker of increased sympathetic 
tone or poor modulation by the parasympathetic nervous system 
in response to short changes in cardiac output with breathing 
[74]. Lower heart rate variability (HRV) is an early manifesta-
tion of some of the shared risk factors of stroke such as poor 
physical activity, emotional stress, diabetes, hypertension and 
end-stage renal disease. However, there is paucity n the literature 
with regards to HRV and incidence of stroke with one study 
reporting higher stroke rates in those with lower nighttime HRV 
[75]. This association may be mediated by several pathways includ-
ing a higher inflammatory milieu, hypercoagulation and risk of 
arrhythmias, including AF.

Others
Primary repolarization abnormalities such as ST or T wave 
changes are associated with higher risk of CHD mortality; how-
ever, the prevalence of primary repolarization abnormalities is low 
and their association with stroke independent of CHD and LVH 
remains to be studied. They may be markers of cardiomyopathy 
in some patients and may contribute to risk reduction but this 

needs to be looked at further. Similarly, the association of bun-
dle branch blocks with stroke incidence remains to be studied. 
Finally, an ECG finding of right ventricular strain needs care-
ful attention, especially during the poststroke period, as it may 
 represent a  serious pulmonary embolism (Table 1).

Expert commentary
Several ECG markers and phenotypes have been associated with 
and predictive of stroke. Hence, ECG, the most widely used 
noninvasive tool, could have potential value in stroke risk strati-
fication. AF, the most common sustained cardiac arrhythmia, is 
the strongest modifiable stroke risk factor seen on ECG. Because 
of its paroxysmal nature, studies aimed at screening for AF in 
high-risk populations using cost-effective technology are needed. 
Risk scores that predict AF based on demographics including 
age, ECG markers such as P wave morphology and laboratory 
findings such as BNP may be useful in identifying individuals at 
high risk of AF. Similar to AF, LVH by ECG has been considered 
as one of the strong predicators of stroke and is currently one of 
the components of the Framingham stroke risk score. Improved 
ECG-LVH criteria using cardiac-MRI as a gold standard may 
be needed and could help improve prediction of stroke. Several 
other ECG markers such as AT, premature atrial/ventricular 
complexes and prolonged QT have been associated with risk of 
stroke. However, they have not yet been utilized in strategies for 
stroke prevention and need consideration.

Table 1. ECG markers and their association with stroke.

ECG phenotype Prevalence in general 
population

Associated risk with 
stroke

Potential confounders 
or intermediaries

Modifiability of risk

AF 1–6% Four- to fivefold increase Atrial size/geometry, heart 
failure, hypertension, 
inflammation, endothelial 
dysfunction, autonomic 
dysfunction

Indirectly through use of 
anticoagulants or 
antiplatelets

Atrial tachyarrhythmia Unclear Two- to threefold increase Same as above No trials yet

Premature atrial 
complexes

99% in people aged 
>55 years on a 24-h Holter
4.9% among people aged 
45–65 years on a 2-min 
rhythm strip

1.5- to 2.5-fold increase Hypertension, paroxysmal 
AF, autonomic 
dysfunction, inflammation

No trials yet

Left-ventricular 
Hypertrophy

1–18%
8% by MRI among people 
aged 45–84 years
36–41% among 
hypertensives

1.5- to 3-fold increase Hypertension, valvular 
heart disease, heart failure, 
ventricular geometry

Indirect evidence through 
control of hypertension

Premature ventricular 
complexes

6% among people aged 
45–65 years on a 2-min 
rhythm strip

1.5-fold increase Hypertension, left-
ventricular hypertrophy, 
race, inflammation, 
autonomic dysfunction, 
coronary artery disease

No trials yet; CAST trials 
showed increased 
sudden death with few 
antiarrhythmics

QT interval 
prolongation

4–6% 1.5-fold increase Myocardial infarction, 
hypertension, chronic 
kidney disease

No trials yet

Most of the data is derived from studies examining those aged 45 years or older.
AF: Atrial fibrillation.
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Five-year view
In recent years, there has been an explosion in technology in terms 
of our ability to image both the heart and the brain with higher 
resolution to detect structure, ischemia, early infarct, subclinical 
infarct and electro-mechanical dynamics. It has also been possible 
to obtain long-term ambulatory ECG recordings, dynamics. It has 
also been possible to obtain amplify and obtain signal-averaged 
ECG, ECG imaging, smaller implantable ECG recorders and der-
mal electronics and improve our understanding of drug–electrical 
initiation/conductance relationships using drugs that may affect 
specific ion channels and thus ionic currents. There has also been 
a plethora of information manifesting as availability of data from 
large collaborative studies and existing health infrastructures, large 
studies with genetic and proteomics data, development of statistical 
methods and computing power to deal with large databases or make 

finer conclusions; drug development (e.g., newer anticoagulants); 
and development of procedural skills to intervene, such as ablation 
of AF, denervation of the sympathetic nervous system, and so on.

The above developments will contribute to our understanding 
of pathways for some of the observed associations between dif-
ferent ECG markers and risk of stroke and would contribute to 
our quest to prevent them.
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Key issues

• Societal burden of stroke is high and is projected to increase as the population ages.

• Most strokes are ischemic in nature with approximately one in five being cardioembolic.

• Routine ECG recorded through noninvasive, cheap and easily available tolls have markers that portend higher stroke risk.

• Atrial fibrillation (AF) is the most common clinical arrhythmia, increases in prevalence with age and may attribute to one in four 
ischemic strokes among the elderly. Patients with AF have a 60–70% reduction in stroke risk with the use of anticoagulation or 
antiplatelet therapies based on risk stratification.

• Stroke work up often discovers AF for the first time, while paroxysmal AF may portend similar risk of stroke than persistent/permanent 
AF (it may remain undetected due to its largely asymptomatic nature). There is a paucity of studies examining appropriate individuals, 
methods and utility of AF screening to reduce stroke risk.

• Several markers of atrial or atrioventricular nodal abnormalities such a intervals of P wave, PR, terminal velocity, P morphology, P area 
and signal-averaged P wave late atrial potential are strong predictors of AF incidence and possibly of stroke incidence.

• ECG left ventricular hypertrophy is strongly associated with stroke independent of common stroke risk factors including hypertension. 
The mechanisms are currently elusive.

• Premature complexes (both atrial and ventricular) may be independently with stroke – there is a paucity of data on this relationship and 
its mechanisms beyond possible mediation through AF.

• The mechanism behind observed associations between markers such as QT interval beyond confounding by cardiovascular comorbidity 
remains unclear.

• Whether autonomic dysfunction measured by heart rate variability is associated with stroke incidence needs further study.
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