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Abstract

Background: Obstructive sleep apnea (OSA), a worldwide prevalent sleep-related breathing disorder, is associated with an
increased rate of cardiovascular disease (CVD) incidence and higher all-cause mortality. Evidence demonstrates that OSA can
contribute to subclinical cardiac damage and lead to a significantly higher risk of future heart failure. Speckle tracking
echocardiography (STE) is a new technique that is useful for detecting subclinical dysfunction in patients without clinical
manifestations of cardiac problems and who have normal conventional echocardiography. This review examines the application of
STE for the early detection of subclinical dysfunction in all four heart chambers of individuals with OSA.

Methods: To provide an in-depth overview of the current evidence in this review study, we conducted a broad literature search
across 4 major databases—PubMed, Scopus, Embase, and Web of Science—in July 2025. Keywords and combinations related to
“speckle tracking echocardiography,” “global longitudinal strain,” “left atrium,” “left ventricle,” “right atrium,” “right ventricle,” and
“obstructive sleep apnea” were used to identify relevant studies. We aimed to explore studies examining subtle functional alterations in
cardiac chambers among patients with OSA using STE. Systematic reviews, meta-analyses, case reports, abstracts, letters, conference
proceedings, and non-English publications were excluded to maintain focus on original research and clinical insights.

Results: After screening by title/abstract and full-text review, from a total of 145 studies, 29 were included based on the best match
with our inclusion criteria. Our key finding in this systematic review were as follows: (1) left atrium (LA) subclinical systolic and early
diastolic strain/strain rate decrease before alteration in conventional echocardiography indexes; (2) left ventricle (LV) early detectable
strain/strain rate decrease in all its 3 contracting directions (longitudinal, circumferential, and radial); (3) subtle changes in LV
myocardial work index (MWI); (4) valuable information about early strain changes in different directions of RV wall contraction
despite its complex geometry.

Conclusion: Our study highlighted available studies describing subclinical strain and strain rate alterations in each cardiac chamber
through speckle tracking echocardiography and addresses this method’s feasibility to detect early changes in myocardium as a result of
OSA.
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— What this article adds:

This systematic review compiles evidence demonstrating that speckle
tracking echocardiography (STE) can detect subclinical strain and strain
rate abnormalities in all 4 cardiac chambers in patients with OSA. The
findings support the feasibility and utility of STE as a sensitive tool for
identifying early myocardial dysfunction before conventional
echocardiographic changes become apparent.
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Introduction

Affecting one-seventh of the world's adult population,
obstructive sleep apnea (OSA) is a prevalent sleep-related
breathing disorder. Obesity, age, and male sex are known
as significant risk factors (1, 2). The disorder is character-
ized by recurrent upper-airway collapse during sleep,
leading to intermittent hypoxemia, respiratory arousal,
sympathetic activation, and highly negative intrathoracic
pressure (3).

OSA is diagnosed by clinical manifestations (such as
snoring, central sleep apnea, insomnia, and daytime sleep-
ing), in addition to objective data from a home sleep apnea
test (HSAT) or polysomnography study (gold standard)
(3, 4). OSA confirms with the apnea-hypopnea index
(AHI) or respiratory event index (REI) equal to >5 in the
presence of symptoms, or >15 regardless of symptoms (3,
5). The severity of the disease is classified as mild, mod-
erate, or severe when AHI is 5-14, 15-30, and >30, respec-
tively (6).

A body of evidence indicates an elevated prevalence of
cardiovascular disease (CVD) morbidity and mortality, as
well as increased all-cause mortality, among patients with
OSA. (2, 3). OSA is associated with various CVD compli-
cations (eg, systemic hypertension, arrhythmia, cardiac
remodeling, pulmonary hypertension, myocardial dys-
function, heart failure, stroke, and sudden cardiac death)
3,57.

Speckle tracking echocardiography (STE) is a recent
noninvasive method for evaluating myocardial function
independent of the angle of intonation and translational
movement, which is performed in 2-dimensional echocar-
diography (2DE) and 3-dimensional echocardiography
(3DE). Speckles are natural acoustic markers resulting
from the interaction between the ultrasound beam and
myocardial fibres. The basis of STE is tracking the spatial
dislocation of speckles that provides accurate, objective,
and quantitative details about the myocardium, especially
useful for spotting subclinical dysfunctions. (8, 9). The
detection of subclinical myocardial dysfunction is
achieved with greater sensitivity through STE than with
traditional echocardiographic indices, most notably left
ventricular ejection fraction. STE facilitates an objective
and angle-independent evaluation of myocardial strain,
thereby providing superior accuracy over conventional
methods in the early detection of cardiac impairment (10).

Evidence indicates the role of OSA in subclinical cardi-
ac impairment and the significantly higher risk of heart
failure in the future (2). Abnormal strain values of cardiac
chambers are useful markers for detecting subclinical dys-
function, even in patients with normal chamber volumes
and preserved ejection fraction (6). Conventional echocar-
diography techniques, such as tissue Doppler imaging
(TDI), 2DE, and M-mode, are not accurate enough for
detecting early changes in strain values. Recently, emerg-
ing techniques such as 2D and 3D speckle tracking echo-
cardiography (2DSTE and 3DSTE) have gained interest
and are believed to be more sensitive in diagnosing sub-
clinical dysfunction in OSA patients (4, 11-13).

This review aimed to investigate studies on the role of
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STE in detecting early and subclinical systolic/diastolic
dysfunction of the 4 chambers in patients with OSA.

Methods

Search Strategy

We did a broad comprehensive search in databases in-
cluding, PubMed, Scopus, Embase and Web of Science
using the Medical Subject Heading (Mesh) terms and Em-
base subject headings (Emtree), “speckle tracking echo-
cardiography” OR “global longitudinal strain” AND
“Heart Ventricles” OR “left atrium” OR “left ventricle”
OR “right atrium” OR “right ventricle” AND “obstructive
sleep apnea.” A complete keyword list and search strategy
are available in detail in the Appendix 1.

A total of 29 studies were eligible for inclusion. We in-
cluded studies that utilized speckle tracking echocardiog-
raphy parameters, namely, strain and strain rate, to detect
subtle regional myocardial remodeling in each cardiac
chamber. Some studies have also investigated further var-
iables, such as area strain and ventricular torsion, as early
changes in OSA.

Inclusion Criteria

(1) Studies that utilize speckle tracking echocardiog-
raphy (2D/3D) to detect subclinical myocardial dysfunc-
tion in OSA patients; (2) studies that investigate each car-
diac chamber, respectively, for speckle tracking assess-
ment.

Exclusion Criteria

(1) Studies that investigated volumetric/pressure/load
echocardiographic parameters to detect OSA-related dys-
function, (2) studies with vague conclusions, (3) case re-
ports, systematic reviews, meta-analyses, abstracts, letters,
meetings, and non-English studies.

We defined PICO (population, intervention, control, and
outcome) as follows:

(P): OSA patients

(I): Speckle tracking echocardiography study

(C): Conventional echocardiography (optional)

(O): Detecting early and subtle myocardial (each heart
chamber) dysfunction

Results

Left Atrium

During the past decade, studying atrial function has
been a hot topic of debate, and left atrial structural and
functional remodeling is now a valuable clue in detecting
patients prone to cardiovascular disease (14). Obstructive
sleep apnea is one of many comorbidities targeting LA
through its detrimental acute and chronic effects on myo-
cytes that result in further complications, including atrial
fibrillation, heart failure, stroke, and death (15).

Altekin et al demonstrated that the left atrial early dias-
tolic strain rate decreases as OSA progresses to more ad-
vanced stages, and there is a significant difference be-
tween groups (categorized based on AHI) starting from


http://dx.doi.org/10.47176/mjiri.39.121
https://mjiri.iums.ac.ir/article-1-9725-en.html

[ Downloaded from mjiri.iums.ac.ir on 2025-11-05 ]

[ DOI: 10.47176/mjiri.39.121 ]

Y. Mohtasham Kia, et al.

moderate OSA. Left atrium systolic strain, left atrium sys-
tolic strain rate, and left atrium early diastolic strain rate
reduce as OSA gets more severe. Left atrium late diastolic
strain and left atrium late diastolic strain rate values have
an increasing trend until moderate OSA, and are lower in
severe OSA in comparison with the moderate category
(16). In a cohort study by Wan et al, including 50 healthy
and 92 OSA patients, LA strain assessments showed sub-
clinical changes before left ventricular hypertrophy (LVH)
(17). The study cohort was categorized into 2 distinct
groups based on left ventricular mass index (OSA with
LVH & OSA without LVH). OSA patients exhibited low-
er systolic strain and early diastolic strain, but higher late
diastolic strain, compared to healthy controls. Additional-
ly, LVH aggravates these parameters, causing an extra
decline in systolic strain and early diastolic strain in OSA
patients (17). In another study, 49 obese patients (BMI
>25 kg/m?) were examined, and 25 were diagnosed with
OSA. Speckle tracking analysis revealed no significant
difference in the mean peak late diastolic strain rate be-
tween OSA and non-OSA patients. However, the OSA
cohort exhibited significantly reduced values for mean
peak systolic strain, mean peak systolic strain rate, and
early diastolic strain rate compared to the non-OSA group.
(P=0.001, P=0.002 and P > 0.001, respectively) (18).

There are also studies investigating OSA-induced strain
alteration in hypertensive patients and patients with stable
cardiovascular disease with decreased ejection fraction.
Medeiros et al evaluated speckle tracking indices in dif-
ferent phases of the cardiac cycle among 65 hypertensive
patients with and without OSA. In a nutshell, left atrium
strain in the reservoir and conduit phase, and also left atri-
um strain rate in the conduit phase, were lower in OSA
patients (19).

Miskowiec et al categorize 32 patients with chronic cor-
onary syndrome and EF < 50% into 2 groups regarding
their AHI and measure their STE parameters. Similar to
previous studies, the mean left atrial systolic strain rate,
early diastolic strain rate, and late diastolic strain rate
were significantly lower in the OSA group. Moreover,
there was a remarkable correlation between AHI and LA
systolic strain (r = -0.53, P = 0.002), LA systolic strain
rate (r =-0.47, P = 0.006), LA early systolic strain rate (r
=0.67, P <0.001), and late diastolic strain rate (r = 0.46,
P =10.009) (20).

Cetin et al. examined exercise capacity using a treadmill
test in 55 OSA patients, divided into 2 groups based on
AHI, more or less than 30. Both groups have a higher LA
systolic strain rate and early diastolic strain rate after ex-
ercise, but exercise time was shorter in the AHI of >30.
The strain and strain rate increase in group 2 was lower
than in group 1 (AHI <30), and they (AHI >30) showed
impaired exercise intolerance due to further diastolic dys-
function (21).

Right Ventricle

The impact of OSA on RV has been less investigated
than that of the LV.

The complex geometry of the right ventricle (RV) pre-
sents challenges for accurate measurements using echo-

cardiography (22). The retrosternal position and the unu-
sual geometric shape of the RV, resembling a truncated
pyramid, pose difficulties for straightforward geometric
analysis or modeling (22). STE is now aiding physicians
as an angle/load-independent tool to view this chamber
(13, 23).

Buonauro et al demonstrated a significant decrease in
RV global longitudinal strain (GLS) and lateral wall strain
in patients with OSA compared with healthy controls,
whereas other conventional echocardiographic indices of
RV systolic function, such as TAPSE and 3D-derived RV
ejection fraction, remained normal (24). In a study con-
ducted by Aylin Tugcu et al, 27 patients with moderate to
severe OSA were compared to 24 healthy controls in
terms of several parameters, including strain and strain
rate. The OSA group showed reduced regional long-axis
shortening in both basal and mid segments, with a higher
emphasis on the correlation of peak systolic strain and
strain rate in mid segments with AHI than in basal parts
(25). Right ventricular strain and systolic strain rate tend
to be lower in moderate and severe OSA groups compared
to healthy controls, with an earlier reduction in systolic
strain rate value starting from moderate stages (26). On
the other hand, a study showed that while there is no dif-
ference between regional RV strain and strain rate, apical
measurements were substantially decreased in the OSA
patients (27). Results of an investigation by Macek et al
showed a correlation in which RV free-wall strain (aver-
age and mid) and RV septal strain (average, basal, mid,
and apex) were significantly lower, along with the severity
of the OSA (5). 2D-STE of OSA patients revealed that
these patients have both LV and RV subclinical myocar-
dial dysfunction, compared to matched controls (28). Con-
sistent with the abovementioned studies, Vitarelli et al
found reduced RVLS and 3D-RVEF and increased vol-
umes along with changes in segmental dyssynchrony (29).
As early detection of cardiac remodelling had gained sig-
nificant attention, Li et al reported early diastolic strain
rate deterioration in cases of OSA despite other normal
echocardiographic features. They found that the RV peak
early diastolic strain rate began to markedly decrease in
moderate OSA, followed by a reduction in the peak late
diastolic strain rate of RV in later stages (30).

There are also conflicts between experts analyzing RV
strain alteration among OSA patients. Hammersting] et al
reported that RV global and regional strain were notably
reduced in patients with a higher AHI index. However,
after regression analysis of all echocardiographic indices,
only apical RV longitudinal strain was correlated with the
severity of the disease (31). Additionally, the RV early
diastolic strain rate declines as OSA progresses in later
stages, while the RV late diastolic strain rate has signifi-
cantly increased (26).

Left Ventricle
Detecting subclinical left ventricular remodeling as a re-
sult of obstructive sleep apnea with speckle tracking echo-
cardiography has been a highly controversial topic recent-
ly. Prior studies have mainly investigated obstructive
sleep apnea’s effects on left ventricular volumetric altera-
http://mjiri.iums.ac.ir
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tion and have assessed its dysfunction through ejection
fraction (23, 32). These conventional echocardiographic
characteristics only highlight ventricular alteration at a
point at which significant damage to the myocardium has
been occurring, and the patient may not benefit much
from available cardioprotective treatments (7).

Speckle tracking echocardiography has surpassed tradi-
tional echocardiographic methods in revealing subclinical
ventricular changes due to the deleterious effects of OSA.

Altekin et al studied subclinical left ventricular myocar-
dial impairment in a group of OSA patients with normal
ejection fraction and without any confounding disease that
would affect the myocardium. They utilize 2DSTE to as-
sess systolic and diastolic strain and strain rate with longi-
tudinal, circumferential, and radial parameters. They
found that longitudinal, circumferential, and radial strain
and strain rates were significantly lower in patients with
severe OSA compared to other subgroups and healthy
controls. Moreover, they spotted a correlation between the
severity of diastolic dysfunction, using the SRE, SRA, and
SRE/SRA values in all three directions, and the AHI in-
dex. Additionally, another valuable finding in this study
was the early decrease in longitudinal strain in moderate
OSA patients, despite normal LVEF, circumferential, and
radial values (33).

In another study carried out by Altekin et al, the GLS
value was assessed in OSA patients with normal ejection
fraction, which showed a decreasing trend from moderate
to severe OSA. They also evaluated segmental longitudi-
nal strain in basal, mid, and apical segments, and the result
showed a significant decrease in severe and moderate
OSA groups compared to healthy controls (33).

The left ventricle has a nonhomogeneous wall, which
consists of 3 layers of fibres oriented in different direc-
tions, and the coordinated contraction of these layers re-
sults in a healthy ventricular function. Zhou et al, by the
use of 2DSTE, investigated peak systolic strain in 18 car-
diac segments to illustrate the left ventricle’s early systolic
dysfunction in OSA patients despite normal LVEF. At
each layer, endocardial strain was higher than mid and
epicardial strain values, which is consistent with the fact
that endocardial fibers are more prone to ischemia. In this
study, 3-layer longitudinal and circumferential strain val-
ues were significantly lower in severe OSA patients com-
pared with other groups, while they couldn’t find any
meaningful comparison between different groups (34).

Speckle tracking imaging can also assess left ventricular
twisting motion. LV torsion, calculated by subtracting the
maximal apical rotation from the maximal basal rotation,
is a parameter that reveals possible diastolic dysfunction.
Studies have shown that LVtor is increased in mild dias-
tolic dysfunction as an initial compensation mechanism
for the reduced longitudinal contraction, then is followed
by LV untwisting in more severe diastolic impairment
(35). Vitarelli et al have investigated this notion, along
with longitudinal strain, as additional information to re-
veal early myocardial alterations in OSA. They concluded
that severe OSA patients had reduced LV longitudinal
strain and increased LVtor. They also demonstrated that
peak diastolic untwisting velocity and untwisting rate
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were elevated in severe OSAS, as well as the time-to-peak
diastolic untwisting velocity (36).

Wang et al investigated subtle left ventricular dysfunc-
tion using 3DSTE, a novel echocardiographic method that
has overcome the limitations of 2DSTE. What is more,
they introduce “area strain” (AS), which reflects a compo-
site of longitudinal and circumferential strain as a new
parameter to assess subclinical LV remodelling in patients
with OSA. Longitudinal strain and area strain were signif-
icantly lower in patients with moderate and severe OSA
compared to mild OSA and healthy controls. In contrast,
global circumferential and radial strain values were only
decreased in severe OSA patients. This finding also high-
lights the vulnerability of endocardial fibres to ischemia,
which includes longitudinal fibres (37).

Also, 2DSTE has been used in detecting overnight left
ventricular regional and global mechanics changes. Haruki
et al. have noted an acute significant reduction in left ven-
tricular longitudinal strain in a group of 14 OSA patients,
while there were no substantial changes in circumferential
and radial strain values (12). Moreover, patients in the
moderate and severe OSA groups showed a higher abso-
lute change in myocardial strain (12). In a study carried
out by Koshino and colleagues, 10 Mueller manoeuvres
(MM) each for 12 seconds reduced global strain signifi-
cantly, and then LV strain was improved immediately in
the recovery phase. The aim was to simulate a negative
intrathoracic pressure in healthy individuals, similar to
what occurs in OSA, using MM, and to investigate possi-
ble deformations with 2DSTE. The global strain rate in
the early LV filling phase was also significantly decreased
during MM (S: baseline, -17.0 £ 1.6%; MM, -14.5 +
2.2%; P < 0.0001, SR: baseline, 1.09 £ 0.20 s-1; MM,
0.92+0.21s-1; P=0.01) (38).

Impaired diastolic function is not uncommon among
OSA patients. In a 2020 study by D’Andrea et al, they
investigated possible myocardial subtle dysfunction dur-
ing exercise in OSA patients with a normal ejection frac-
tion. Not surprisingly, OSA patients had lower exercise
tolerance and lower oxygen saturation. In addition, the LV
global strain increase during physical activity was notably
lower among OSA patients with an AHI of moderate and
severe subgroups (39).

The potent diagnostic approach to detect early myocar-
dial remodelling through strain and strain rate measure-
ment has been investigated by several studies, as stated in
prior paragraphs. Recently, the LV pressure—strain loop
(PSL) technique, which is derived from speckle tracking
echocardiography, has shown promising results in detect-
ing slight changes in myocardial work indexes. PSL is not
influenced by increased afterload and is a more accurate
method to detect changes. Jin et al. assessed myocardial
work indexes among 200 OSA patients divided by AHI
with 2DSTE. They concluded that the assessed global
work index (GWI), global constructive work (GCW), and
global work efficiency (GWE) were lower in the severe
OSA group compared with mild and moderate OSA, and
global waste work (GWW) was markedly elevated in se-
vere OSA (7). Moreover, a recent study conducted by Jun-
Cheng Ni and colleagues investigated a similar hypothesis
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in a group of 50 children with OSA, in which the GWI
and GCW of children with OSA were significantly lower
than those of healthy controls. Moreover, a negative corre-
lation was observed between OAHI and GWI (f = —32.87;
95% CI, —53.47 to —12.27) and between OAHI and GCW
(B=-35.09; 95% CI, —55.35 to —14.84) (40).

Right Atrium

The RA has basic functions such as reservoir role for
storing blood while the RV is in contraction, transferring
blood from veins to the RV as a conduit in the diastolic
phase, filling the RV actively by atrial contraction in the
late diastolic phase (about 15% to 25% of the total RV
filling volume), and containing sinus node and its im-
portance in the electrical conduction system (40, 41). Re-
cently, studies have put the accent on the predictive value
of the RA morphology for clinical events, in advance of
the RV (41).

OSA effects on the RA have not been explicated yet,
but available data support the possible adverse sequelae in
this chamber as a result of OSA (42). OSA is associated
with an increased risk of atrial fibrillation, a relationship
potentially explained by pro-fibrotic myocardial changes
and autonomic dysregulation affecting the atrioventricular
node (43-45). Moreover, studies have demonstrated the
challenges of rhythm control approaches in patients with
both AF and OSA. (46).

Kondratavi¢iené et al observations of moderate-to-
severe OSA patients revealed that the RA diameter was
markedly higher compared to the control group (11). RA
dilation following increased RV end-diastolic pressure
will eventually end in right heart failure. There are limited
studies investigating strain changes in the RA of OSA
patients through STE (47). A study conducted by Li et al
showed RA-global strain and early diastolic RA-strain rate
decrease in moderate OSA versus the control group, and
these parameters were reduced even further in the severe
group. The right atrial strain rate in the ventricular systolic
phase (RA-SRs) and right atrial strain rate in the ventricu-
lar late diastolic phase (RA-SRa) were lower in severe
OSA than those in the control group (RA-SRs: vs control
group, P = 0.004; vs mild OSAS group, P = 0.008; RA-
SRa: vs control group, P =0.034) (47). Figure 1 illustrates
the subtle changes in four cardiac chambers detected by
STE and the adverse cardiovascular effects in OSA pa-
tients who are diagnosed late or poorly managed.

Discussion

As a disorder involving recurrent hypopnea and apnea
during sleep, obstructive sleep apnea contributes signifi-
cantly to increased cardiovascular disease and mortality
rates (48). Repetitive episodes of hypoxia induce apnea-
related myocardial alterations due to the imbalance be-
tween oxygen supply and demand (28). In the cellular
aspect, this hypoxemic, hypercapnic state, along with the
ensuing acidosis, will activate the sympathetic nervous
system, which has negative multisystemic impacts (16).
Deleterious inflammatory, neurohumoral, and mechanical
mechanisms cause myocardial fibrosis, resulting in com-

plications such as atrial fibrillation or worsening of heart
failure (5, 45).

Considering all the destructive effects of OSA on
healthy individuals or those with preexisting comorbidi-
ties, early detection of subtle myocardial remodeling is
now gaining special attention among experts. Convention-
al echocardiography could detect flawed systolic or dias-
tolic cardiac function in a stage where the heart has been
through volumetric and overt functional conversion, and
researchers have shown that a normal ejection fraction
does not provide convincing data to rule out cardiac dam-
age (6). Recently, experts have been seeking novel nonin-
vasive imaging methods to identify early changes. This
issue has substantial importance as early intervention
could benefit patients to an appreciable degree, and also
detecting minimal changes could help to estimate treat-
ment efficacy (28). In this regard, speckle tracking echo-
cardiography has shown promising results by assessing
the strain and strain rate of each chamber in distinct cardi-
ac cycles(49). With this angle-independent, easily repro-
duced, and sensitive cardiac imaging tool, a layer-specific
evaluation of exquisite changes in myocardial fibres ar-
ranged as longitudinal, circumferential, and radial patterns
could be performed (6). Moreover, left ventricular twist-
ing motion assessment and recently investigated myocar-
dial work parameters could all be measured with STE
(306).

Limited information is available about OSA's influence
on the right atrium. RA’s irregular shape can best be stud-
ied via the STE technique, enabling regional assessment
of this chamber. The global strain rate and early diastolic
longitudinal strain rate of RA are reduced in moderate
OSA, representing initial dysfunction in the reservoir and
conduit phases of the right atrium. Further decrease in
RA-GLS and RA-SRe happens in severe OSA, plus a re-
duction in systolic longitudinal strain rate and late diastol-
ic longitudinal strain rate of the right atrium. Moreover,
RA-GLS and RA-SRe were established as independent
determinants of OSAS severity (47). RA reservoir and
conduit functions progressively declined while booster
pump function increased from normal to concentric hyper-
trophy, with speckle-tracking confirming that altered left
ventricular geometry significantly impacts RA phasic
function in OSA patients (50).

The anterior position of the right ventricle in the chest,
its complex geometry, and also its combined myocardial
fibres with the left ventricle in the interventricular septum
make it hard to assess this chamber with reliable
measures, which is why the right ventricle is being re-
called as “forgotten chamber” (13). Combining quantita-
tive and qualitative estimates using STE is now becoming
the gold standard in assessing RV subtle changes in OSA.
The RV dysfunction could be due to increased systolic
pulmonary arterial pressure and rapid changes in preload
during apnea’hypopnea episodes (29). Other mechanisms
involved could be oxidative stress, increased sympathetic
nervous activity, elevated blood pressure leading to in-
creased afterload, and higher preload due to increased
end-diastolic volume (6, 30). Moreover, while the effect
of OSA on RV dysfunction was primarily attributed to
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Figure 1. A. Schematic illustration summarizing OSA subtle changes in each cardiac chamber detected via speckle tracking echocardiography. B.
OSA has debilitating consequences if diagnosed late and not managed properly

hypoxemia during the daytime because of the lung disease
(31), it has been recently found that the difference re-
mained even after adjusting for hypoxemia (32). Heart
failure, pulmonary hypertension, and increased cardiovas-
cular morbidity and mortality are common side effects of
OSA on the RV(24, 48). Several studies concluded that
RV longitudinal strain and strain rate have a predictive
value in identifying subtle changes. An essential issue
while evaluating RV mechanics is to know the indispen-
sable effect of LV dysfunction on interventricular septum
fibres, and consider free wall fibres as our target (4, 15).

Almost all studies demonstrated that RV GLS and RV
free wall strain significantly decreased as OSA pro-
gressed, and this was before noticeable alterations of other
echocardiographic parameters (51). Chetan et al found an
independent association between RV GLS with systolic
pulmonary arterial pressure and OSA severity, while other
RV function qualifying parameters were in a normal range
(4). Hammerstingl states the same conclusion, that RV
GLS is significantly impaired in severe OSA (31). How-
ever, there is also a controversy with Altekin’s study,
where they didn’t find a meaningful correlation between
RV GLS and CPAP (24, 26). RV diastolic function is in-
fluenced at earlier stages, causing an early diastolic strain
rate decrease in moderate OSA, followed by a decrease in
peak late diastolic strain rate at later stages (30).

Left ventricular remodelling as a result of OSA side ef-
fects eventually causes left atrial damage(17, 18). Peak
atrial longitudinal strain in the left atrium is usually im-
paired in OSA patients (52). LA remodelling due to al-
tered filling pressures causes a reduction in LA passive
function, LA longitudinal stretching (reduction in mean
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peak systolic strain and strain rate), and passive contrac-
tion compliance (reduction in mean peak early diastolic
rate) (18).

Assessing left ventricular strain and strain rate via STE
has shown promising results in identifying subtle LV
changes even in patients with normal ejection fraction and
volumetric indexes. The layer-specific myocardial evalua-
tion showed earlier destruction of longitudinal fibres lo-
cated in the endocardial layer being most sensitive to is-
chemia during apnea episodes in OSA (34). Providing
precise measurement of both regional and global strain
and strain rates of about 18 segments of the left ventricle
in a single beat, qualitative and quantitative evaluation of
longitudinal, circumferential, radial and area strains and
also left ventricle’s twisting motions are all distinctive
elements of STE (34, 36) Altekin et al demonstrated a
decreasing trend of longitudinal strain and strain rate val-
ues as OSA progresses. Moreover, the late diastolic strain
rate of circumferential and radial fibres started to increase
from moderate disease stages (53). Other studies confirm
a global longitudinal decrease as OSA progresses, starting
in moderate stages (33). Area strain was a new parameter
indicating longitudinal and circumferential strain as a
compound, which was demonstrated to be lower in mod-
erate and severe OSA in comparison with mild OSA and
healthy controls (37). STE was also able to show acute
strain changes during MM, which resemble negative in-
trathoracic pressure. Global left ventricular longitudinal
strain in systole and strain rate in early filling were mark-
edly reduced during the MM (38). Recent studies are now
investigating the possible role of myocardial work indexes
in detecting early myocardial remodelling. A study con-
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ducted in a group of 34 children with OSA, compared
with healthy controls, reported significantly lower GLS,
GWI, and GCW in the OSA group. A significant inverse
relationship was observed between disease severity and
both GWI and GCW in the multiple linear regression
model, indicating a deterioration in myocardial efficiency
with advancing disease (54).

Despite its clinical value, the widespread application of
STE is confronted by several obstacles. These include
variability in strain measurements across various vendors,
the need for high-quality images, operator expertise, and
limited availability in some centers. Additionally, the cost
of advanced software and equipment may restrict routine
use in resource-limited settings (55).

A notable limitation of this review is the clinical and
methodological heterogeneity across the included studies.
Differences in OSA severity classification (e.g., varying
AHI thresholds), patient comorbidities, echocardiographic
modalities (2D vs 3D STE), software platforms, and the
specific strain parameters assessed (longitudinal, circum-
ferential, radial, area strain, myocardial work indices) may
affect the consistency and comparability of results. While
a formal heterogeneity analysis was not performed due to
the narrative nature of this review, these variations have
been acknowledged and qualitatively addressed in each
section. This highlights the need for future studies to use
standardized imaging protocols and uniform strain meas-
urement criteria, thereby enhancing reproducibility and
clinical applicability.

All in all, despite limitations and several confounding
comorbidities affecting OSA prognosis, speckle tracking
echocardiography showed promising diagnostic ability to
detect subtle myocardial changes in OSA patients. With
this method, patients will hopefully be able to receive
available treatments for OSA earlier. This will benefit
both patients and the healthcare system to a considerable
extent, resulting in a significant decrease in cardiovascular
morbidity and mortality.

Conclusion

This review highlights the value of STE in detecting
subclinical myocardial changes across OSA stages, often
preceding structural cardiac alterations. The observed cor-
relation between OSA severity and strain parameters sup-
ports STE as a promising tool for early diagnosis and in-
tervention. Additional studies are needed to standardize its
clinical application.
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Appendix 1. Search details (3/30/2024)

PUBMED QUERY RESULTS
#1 (“Global Longitudinal Strain”[mesh] OR speckle tracking echocardiography[tiab] OR strain[tiab] OR strain 564,179

rate[tiab] OR global longitudinal strain*[tiab] OR circumferential strain*[tiab] OR horizontal strain*[tiab])
#2 (“Heart Ventricles”[mesh] OR “Heart atria”’[mesh] OR “Right ventricle”[mesh] OR “Left ventricle”’[mesh] 425,232

OR “Right atrium “[mesh] OR “Left atrium”[mesh] OR “Myocardium”[mesh] OR Heart Ventricles[tiab] OR

Right ventricle[tiab] OR Left ventricle[tiab] OR Right atrium [tiab] OR Left atrium[tiab] OR Cardiac ventri-

cle[tiab] OR Myocardium[tiab] OR Heart muscle[tiab])
#3 (“Sleep Apnea, Obstructive”[mesh] OR obstructive apnea syndrome[tiab] OR obstructive apnea* during 33,322
sleep[tiab] OR obstructive sleep apnea hypopnea syndrome[tiab] OR obstructive sleep disordered breath-
ing[tiab] OR OSAHS[tiab] OR Upper Airway Resistance Sleep Apnea Syndrome[tiab])

#1 AND #2 AND #3 34
EMBASE QUERY RESULTS
#1 (‘speckle tracking echocardiography’/exp OR ‘global longitudinal strain’/exp OR ‘speckle tracking echocar- 632,792

diography’:ab,ti OR ‘strain’:ab,ti OR ‘strain rate’:ab,ti OR ‘global longitudinal strain*’:ab,ti OR ‘circumfer-

ential strain*’:ab,ti OR ‘horizontal strain*’:ab,ti)
#2 (‘Right ventricle’/exp OR ‘Left ventricle’/exp OR ‘Right atrium ‘/exp OR ‘Left atrium’/exp OR ‘Heart Ven- 361,430
tricles’:ab,ti OR ‘Right ventricle’:ab,ti OR ‘Left ventricle’:ab,ti OR ‘Right atrium ‘:ab,ti OR ‘Left atri-
um’:ab,ti OR ‘Cardiac ventricle’:ab,ti OR ‘Myocardium’:ab,ti OR ‘Heart muscle’:ab,ti)

#3 (“obstructive sleep apnea’/exp OR ‘obstructive apnea syndrome’:ab,ti OR ‘obstructive apnea* during 20,205

sleep’:ab,ti OR ‘obstructive sleep apnea hypopnea syndrome’:ab,ti OR ‘obstructive sleep disordered breath-

ing’:ab,ti OR ‘OSAHS’:ab,ti OR ‘Upper Airway Resistance Sleep Apnea Syndrome’:ab,ti)
#1 AND #2 AND #3 47
Scopus QUERY RESULTS
#1 (TITLE-ABS (“speckle tracking echocardiography” OR “strain” OR “strain rate” OR “global longitudinal 1,926,378
strain*” OR “circumferential strain*”” OR “horizontal strain*”’))
#2 (TITLE-ABS (“Heart Ventricles” OR “Hear atria” OR “Right ventricle” OR “Left ventricle” OR “Right 221,720
atrium® OR “Left atrium” OR “Cardiac ventricle” OR “Myocardium” OR “Heart muscle”))
#3 (TITLE-ABS (“Sleep Apnea, Obstructive” OR “obstructive sleep apnea” OR “obstructive apnea syndrome” 47,817
OR “obstructive apnea* during sleep” OR “obstructive sleep apnea hypopnea syndrome” OR “obstructive
sleep disordered breathing” OR “OSAHS” OR “Upper Airway Resistance Sleep Apnea Syndrome™))
#1 AND #2 AND #3 28
Web of sciences QUERY RESULTS
#1 (TS= (“speckle tracking echocardiography” OR “strain” OR “strain rate” OR “global longitudinal strain*” 1,265,660
OR “circumferential strain*”” OR “horizontal strain*”))
#2 (TS= (“Heart Ventricles” OR “Hear atria” OR “Right ventricle” OR “Left ventricle” OR “Right atrium“ OR 196,413
“Left atrium” OR “Cardiac ventricle” OR “Myocardium” OR “Heart muscle”))

#3 (TS= (“Sleep Apnea, Obstructive” OR “obstructive sleep apnea” OR “obstructive apnea syndrome” OR 52,130

“obstructive apnea* during sleep” OR “obstructive sleep apnea hypopnea syndrome” OR “obstructive sleep

disordered breathing” OR “OSAHS” OR “Upper Airway Resistance Sleep Apnea Syndrome™))

#1 AND #2 AND #3 36
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