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Abstract
Stroke is one of the primary causes of morbidity and mortality worldwide, including a large proportion 
of cryptogenic strokes. Long-term electrocardiographic monitoring is beneficial in prospective studies for 
detecting atrial fibrillation in patients with cryptogenic stroke. This review aimed to evaluate the advanced 
echocardiographic parameters and their roles in assessing left atrial (LA) function in the incidence of 
cryptogenic and ischemic strokes. Main resources, including PubMed, Scopus, and ISI Web of Science 
databases, were evaluated for articles published in English from 2010 until May 2021. LA echocardiographic 
parameters such as LA strain and strain rate, isovolumetric relaxation time (IVRT), the mean left atrial 
volume index (LAVI), LA reservoir volume, systole strain rate (SSR) of left atrial appendage, and lack of 
LA function response to maximal exercise as measured by the LA ejection fraction during rest and exercise 
could be considered for assessing the risk of cryptogenic strokes and ischemic strokes. The results indicated 
that increased LA volumes and reduced LA strain rate were correlated with cryptogenic stroke. Advanced 
parameters of LA function, measured by speckle tracking echocardiography, such as strain and strain 
rate values in different parts of the cardiac cycle, in addition to standard measures of LA function such 
as LA ejection fraction and LAVI, will define an excellent understanding regarding LA myopathy and risk 
assessment of cryptogenic stroke, independent of considering conventional cardiovascular risk factors.
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Atrial fibrillation (AF) is the most prevalent 
sustained heart rhythm abnormality 
worldwide 1. This disease’s prevalence 
is rising and will be accompanied by an 
increase in mortality rate 1-3. In some high-
income countries, the incidence of  AF-
related stroke has nearly tripled in the last 
three decades and is projected to triple 
again by 2050 4. Studies report that AF-
related strokes result in more disability 
and mortality than other types of  strokes, 

including cardiac embolic strokes caused 
by other sources 5, 6. Moreover, recent 
epidemiologic surveys confirmed that the 
global burden of  AF is rising 7.
While AF is most commonly associated 
with atrial diseases, the current examination 
and treatment of  individuals with AF 
do not account for the amount of  atrial 
myopathy that serves as the arrhythmia’s 
substrate 8. These patients have atrial 
cardiomyopathy, a risk factor for stroke and 
AF. AF is predicted by abnormalities of  the 
atrial structure regardless of  the presence 

https://arya.mui.ac.ir/article_26287.html
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Materials and Methods

of  known risk factors such as high blood 
pressure, heart failure, diabetes, and others 
8.
Although the source of  this arrhythmia, the 
atria are seldom thoroughly evaluated except 
for atrial size and volume, which are usually 
assessed by echocardiography. Determining 
the exact risk of  thromboembolic events 
leads to the accurate use of  anticoagulants 
in patients at higher risk of  thromboembolic 
events and also reduces the side effects of  
unnecessary anticoagulation in low-risk 
patients for stroke 8. New evidence suggests 
that left atrial (LA) thromboembolism may 
occur even without AF. These findings cast 
doubt on the notion that the dysrhythmia 
characteristic of  AF is both necessary and 
sufficient for thromboembolism to occur. 
It has been reported that the anatomic and 
physiological atrial derangements associated 
with AF may be a common substrate for 
thromboembolism 9.
Thirty percent of  the 690,000 ischemic 
strokes that occur each year in the 
United States are caused by an unknown 
or cryptogenic source (CS). CS can be 
caused by various factors, including occult 
paroxysmal AF. Antiplatelet medication 
remains the basis of  the treatment in most 
patients with CS in the absence of  AF, 
even though the scientific evidence for this 
therapeutic strategy is limited 10-13. Several 
studies have evaluated the LA function 
with the help of  different indicators to 
predict the occurrence of  CS 14. Atrial 
myopathy, especially atrial fibrosis, can 
initiate a vicious cycle of  atrial fibrillation 
and atrial myopathy aggravation 8. A larger 
left atrium volume associated with poorer 
active function is associated with embolic 
stroke, supporting the theory that poor 
left atrial function is associated with stroke 
15. LA function and structure are essential 
for stroke, yet it is frequently inadequately 
characterized. Due to the lack of  review 
studies in this field, this research aimed to 

determine the role of  echocardiographic 
criteria of  LA function in the incidence 
of  ischemic and cryptogenic strokes by 
analyzing data from previous studies.

This study utilized several databases (PubMed, 
Cochrane Library, ISI, Google Scholar, 
and Scopus) to search for peer-reviewed 
articles through May 2021. The search was 
performed using the following keywords and 
combinations: [(“LA FUNCTION “ OR 
“left atrial” OR “left atrial function” OR “LA 
mechanics” OR “LA strain” OR “LA speckle 
Echo”) AND “ ( “stroke” OR” cryptogenic 
stroke” ischemic stroke”)].
Two researchers independently compiled a 
list of  the titles and abstracts of  all articles 
in databases during the initial search. Then, 
relevant articles were incorporated into the 
research process. Duplications and articles with 
unrelated titles and abstracts were excluded.
The inclusion criteria were:
1. The study population experienced an 
ischemic or cryptogenic stroke or will 
experience one in the future.
2. The study’s findings utilized the evaluation 
of  LA function by echocardiography.
3. The patient’s sinus rhythm was normal 
during the LA function test.
The fact that the study was conducted on 
animals was used as a factor for exclusion.

Figure 1 depicts the study selection flowchart 
for this study. After eliminating duplicates, 
abstracts, and reviews from the primary search 
of  246 articles, 85 papers were selected. After 
eliminating articles with unrelated topics and 
those with insufficient data, 25 articles were 
selected in the following step. After thoroughly 
evaluating the full text of  the articles, 12 were 
selected for data extraction. Table 1 contains 
extracted characteristics and outcomes from 
included studies.

Results
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Based on the current review, left atrial 
echocardiographic parameters, such as left 
atrial strain 16-18, isovolumetric relaxation time 
(IVRT), the mean left atrial volume index 
(LAVI) 19, LA reservoir volumes 20, lack of  
LA function response to maximal exercise as 
measured by the LA ejection fraction during 
rest and exercise in patients with embolic stroke 
of  undetermined source (ESUS) 21, and systole 
strain rate (SSR) of  left atrial appendages 22, 
could be reliable factors for assessing the risk 
of  AF and strokes including CS and ischemic 
stroke (Table 1).
A study comparing young CS patients and 
healthy controls revealed that stroke patients 

had smaller LA reservoir volumes, significantly 
less LA appendage orifice variation, and a 
lower LA contraction peak strain rate. The 
results indicated that young individuals with 
CS have abnormal LA dynamics, and LA wall 
pathology may play a role in cryptogenic stroke 
20. Another study on young patients with first 
CS reported that LA longitudinal strain was 
impaired in patients with high blood pressure 
and overweight, which may indicate that LA 
strain can be used as a predictive marker for CS 
in these groups of  patients 17. 
Several previous studies have used the 
measurement of  LA strain in stroke patients. 
Most of  the studies comprised elderly patients 
and focused on the relationship between LA 
dysfunction and cardiovascular diseases such 
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as AF or LA thrombus that increase the risk 
of  cerebral emboli (23-25). According to Habibi 
et al., regardless of  known cerebrovascular 
risk factors and AF, lower total LA emptying 
fractions (LAEF) was associated with incident 
ischemic cerebrovascular events. Evaluating LA 
function may provide additional information 
for stratifying asymptomatic individuals at risk 
for ischemic stroke 24. 
In the general population, the effects of  
hypertension and obesity on LA function are 
well-known, as they cause or contribute to atrial 
cardiomyopathy. In previous investigations, 
these parameters were linked to LA expansion 
26. Xu et al. showed that LA deformation 
indexes are lower than normotensives in 
individuals with hypertension, including 
systolic strain, strain rate, early diastolic, and 
LA contractile function 27. In addition, it was 
hypothesized that total LA strain, positive peak 
strain, and early negative peak strain rate have 
an inverse correlation with body mass index 
28. These studies corroborate the link between 
obesity and impaired reservoir and LA conduit 
function, as well as hypertension and reduced 
LA contractile function. 
Bhat et al. also documented that in CS 
patients, LA strain is a predictor of  atrial 
dysfunction, and it may further refine the risk 
for cardioembolic stroke. They observed a link 
between indicators of  atrial pathology and 
ischemic stroke development in the absence of  
AF, implying that tissue substrate, rather than 
arrhythmia status, is the key driver of  stroke 
risk; however, they found no significant change 
in LA volume in patients with cryptogenic 
ischaemic stroke 16. 
In the absence of  AF, structural changes of  the 
LA detected in the surface electrocardiogram 
as the P-wave terminal force, as a marker of  
LA pathology and fibrosis, have been linked 
to the increased risk of  ischemic stroke 
29. Similarly, even after controlling for the 
presence of  AF, LA size, as measured by 
echocardiography, has been linked to ischemic 
stroke 30-32. In a cross-sectional study, Brecht et 
al. found that all three components of  the left 
atrial (LA) strain, namely the LA reservoir, LA 
conduit, and LA contractile function, exhibited 

specific alterations at various left ventricular 
(LV) diastolic dysfunction stages. Significant 
reduction in LA reservoir and conduit function 
was observed before symptom onset, LA 
enlargement, and elevated LV filling pressures 
(estimated non-invasively) 33. 
AF is a known source of  cardiac embolism 
in patients with a primary diagnosis of  CS. 
Therefore, we evaluated three studies that 
assessed the risk of  strokes and embolisms in 
AF patients 22, 25, 34. In a study on paroxysmal 
or persistent AF with acute embolism (as 
the test group) or without (as the control 
group), Obokata et al. observed that LA strain 
during ventricular systole (LAS) was lower in 
patients with acute embolism compared to the 
control group. According to their findings, LA 
strain analysis provided additional diagnostic 
information over the CHA2DS2-VASc score, 
implying that LA strain analysis could improve 
embolism risk classification in patients with 
AF. They stated that LA strain could also 
predict the rate of  post-stroke mortality 25. 
Tang et al. evaluated echocardiographic and 
clinical parameters in 112 patients with AF 
(79 cases with paroxysmal AF and 32 cases 
with persistent AF or long-standing persistent 
AF (LS-AF)). They found that the left atrial 
appendage (LAA) mouth diameter, CHADS2 
score, and CHA2DS2-VASc score were 
significantly lower in patients with paroxysmal 
AF than those with persistent AF or LS-
AF 34. Tan et al. reported that the left atrial 
appendages (LAA) systolic strain rate (SSR)  
of  AF patients was lower than that of  healthy 
individuals, and the degree was associated with 
disease progression 22. 

Subclinical atrial myopathy is hypothesized 
to cause silent AF and subsequent embolic 
stroke. Early detection of  atrial myopathy 
by different imaging modalities is a valuable 
method to risk-stratify patients for stroke 
incidence. Advanced parameters of  LA 
function, measured by speckle tracking 
echocardiography, such as strain and strain 
rate values in different parts of  the cardiac 

Conclusion
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cycle, in addition to standard measures of  
LA function such as LA ejection fraction and 
LAVI, will define an excellent understanding 
of  LA myopathy using a readily available, 
non-invasive, cost-benefit imaging 
modality. Reduced LA strain and strain rate 
measurements in stages preceding obvious 
atrial dilation and dysfunction (measured by 
LAEF) can identify the subset of  patients 
prone to microthrombus formation and 
embolic stroke. This strategy will provide 
high-risk groups with cost-effective preventive 
measures. Future research will declare the best 
imaging modalities in this area. 
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