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Abstract

Purpose of Review Atrial fibrillation (AF) is the most common arrhythmia in adults. The number of patients with AF is anticipated
to increase annually, mainly due to the aging population alongside improved arrhythmia detection. AF is associated with a
significantly elevated risk of hospitalization, stroke, thromboembolism, heart failure, and all-cause mortality. Echocardiography
is one of the key components of routine assessment and management of AF. Therefore, the aim of this review is to briefly
summarize current knowledge on “novel” echocardiographic parameters that may be of value in the management of AF patients.
Recent Findings Novel echocardiographic biomarkers and their clinical application related to the management of AF have been
taken into consideration. Both standard parameters such as atrial size and volume but also novels like atrial strain and tissue
Doppler techniques have been analyzed.

Summary A number of novel echocardiographic parameters have been proven to enable early detection of left atrial dysfunction
along with increased diagnosis accuracy. This concerns particularly experienced echocardiographers. Hence, these techniques
might improve the prediction of stroke and thromboembolic events among AF patients and need to be further developed and
disseminated. Nonetheless, even the standard imaging parameters could be of significant value and should not be discontinued in
everyday clinical practice.

Keywords Atrial fibrillation - Echocardiography - Tissue Doppler - Atrial strain - Atrial volume index - Biomarkers

Introduction 15 million Europeans [1]. The incidence of AF increases with
age, reaching over 15% by the age of 80, especially in the
presence of various cardiovascular risk factors [2]. In the last

2 decades, over 60% increase in AF-related hospitalization

Atrial fibrillation (AF) is the most common arrhythmia in
adults. The predicted prevalence of AF by 2030 is more than
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has been observed. AF is also associated with progression of
diastolic and systolic heart failure, impaired quality of life, and
increased all-cause mortality [3—5]. Importantly, AF may not
cause evident symptoms which makes both diagnosis and
treatment a challenge. Indeed, asymptomatic AF has been
shown to be one of the reasons for transient ischemic attacks
(TIA) or cryptogenic ischemic strokes [6]. Consequently, bet-
ter understanding of AF, particularly detection of AF seems to
be of utmost importance to reduce the number of AF-related
complications, particularly stroke [7, 8]. There is also an in-
creasing focus on an integrated or holistic approach to AF
management, which has been associated with improved out-
comes [9, 10].

The underlying mechanisms of AF are still not fully ex-
plained, but may include heterogeneous factors leading to
electrical, structural, and mechanical remodelling of the left
atrium (LA) [11]. Despite continuous efforts to re-establish
sinus rhythm, either with drugs or AF ablation, the only
well-proven method to improve prognosis in AF patients re-
mains systemic anticoagulation, which reduces the risk
of stroke and all-cause mortality [12]. In addition, there
is often no correlation between arrhythmia onset and stroke
which further complicates our understanding of AF patho-
physiology [13].

Consequently, there has been a greater focus on new diag-
nostic imaging techniques and new parameters to help better
prediction, detection, and treatment of AF in clinical practice.
There are multiple imaging modalities and increasing oppor-
tunities with cardiac investigations, such as echocardiography.
Indeed, echocardiography is becoming an essential compo-
nent of endovascular invasive procedures such as ablation, left
atrial appendage closure, or mitral valve regurgitation
treatment [14].

The aim of this review article is to provide an overview of
“novel” echocardiography parameters which may be of value
in the diagnostic workup and management of patients with
AF. We put emphasis on clinically useful parameters and tech-
niques which are gaining in popularity, with the potential for
improving patient management.

Atrial Size and Volume

The incidence of AF is associated with structural remodelling
and dilatation of LA [15, 16]. It is less clear whether AF is a
consequence of LA remodelling and dilatation or vice versa,
though both mechanisms are feasible. The precise underlying
pathophysiology of LA remodelling is also not entirely clear
but include local and systemic inflammation, atrial fibrosis,
atrial enlargement, altered autonomic tone, and anatom-
ical and electrical changes [17, 18]. Such structural
changes and fibrosis increase the surface for multiple
wave propagation, causing AF both to emerge and become
more persistent [19].

@ Springer

Atrial fibrosis has been shown in both lone AF and AF
secondary to mitral valve diseases. Fibrillar collagen deposits
substitute, as a repair process, degenerating myocardial cells
causing interstitial expansion and thus deteriorate atrial elec-
trical and mechanical function [20]. LA fibrosis has been
shown by delay-enhanced magnetic resonance imaging (DE-
MRI) [21, 22]. For example, the Utah scale describes the
degree of LA fibrosis (Utah I: minimal fibrosis; Utah IV: ex-
tensive fibrosis), which is of clinical importance because the
degree of fibrosis may impact on the efficacy of AF ablation
[23, 24]. Indeed, observed AF recurrences were more frequent
in patients with more advanced LA fibrosis (75%) compared
with those with minimal enhancement in DE-MRI (14%) [22].
Furthermore, a significant correlation has been shown recently
between LA diastolic function obtained in speckle tracking
echocardiography and low amplitude potential area measured
with electroanatomical mapping. These findings pointed to
use speckle tracking echocardiography as a valuable and use-
ful method in the assessment of LA fibrosis [25].
Consequently, the assessment of LA fibrosis has been pro-
posed as part of the workup for patients undergoing AF
ablation.

Patients with recurrent AF have essentially greater left atri-
al diameters compared with those with sinus rhythm. Indeed,
LA enlargement seems to be the key determinant of successful
rhythm control in patients with AF. For example, a meta-
analysis of 3700 patients [26] and other reports [27-29] clear-
ly show that a dilated LA significantly increases the risk for
AF recurrence. External cardioversion and catheter ablation in
AF patients with LA diameter of 50-55 mm are of limited
value [30]. LA diameter as assessed by transthoracic echocar-
diography in parasternal long axis view (PLAX) with a diam-
eter of >43 mm was the cutoff value for prediction of parox-
ysmal AF recurrence after catheter ablation [31]. The
AFFIRM study also showed that recurrent AF occurs more
often with larger LA diameter, with a hazard ratio (HR) for AF
relapse of 1.21 for LA diameter of 4.1-4.5 cm and 1.32 for
LA>5.5cm[32].

Despite the fact that LA diameter is commonly measured in
clinical practice, its predictive value might be limited com-
pared with the assessment of the LA Volume Index (LAVI).
This is mainly driven by possible misleading in antero-
posterior linear dimension due to distorted atrium.
Furthermore, LAVI was shown to be more strongly associated
with cardiovascular diseases compared with the linear dimen-
sion [33, 34]. The latter could be obtained using both two- and
three-dimensional echocardiography [35, 36]. Importantly, as-
sessment of LAVI combined with various biomarkers (D-di-
mer, prothrombin, thrombin-antithrombin complex, and fibrin
monomer) may be of value in identifying patients with under-
lying (but undetected) AF and cryptogenic stroke [37]. LAVI
was also shown to be a predictor of AF recurrence after mitral
valve (MV) surgery and successful external cardioversion.
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LAVI> 39 mL/m? was an independent predictor for AF after
MV surgery [38]. For those AF patients who were externally
cardioverted, LAVI showed higher predictive value for AF
recurrence compared with a simple assessment of LA diame-
ter (AUC 0.78 vs 0.56 respectively, p =0.003) [39].
Dimensions of the right atrium (RA) may also be of clinical
importance in patients with AF. Increased RA volume index
(RAVI) may affect the efficacy of catheter ablation. Indeed, it
has been shown that in patients being 3 months after the ab-
lation RAVI > 78 mL/m? predicted AF relapse with 74% sen-
sitivity and 68% specificity [40].

Left Atrial Strain

The term “strain” means deformation of the myocardium and
is used to describe the mechanical function of the atrium or
ventricle throughout the cardiac cycle. In the atria, reservoir,
conduit, and booster function can be assessed. The maximum
myocardial shortening of LA during atrial systole is defined as
the peak atrial contraction strain (PACS) and the veloc-
ity of this deformation is termed the “strain rate.”
Maximal deformation of the LA myocardium during
systole of the left ventricle has been described as peak
atrial longitudinal strain (PALS) and reflects the reser-
voir function of the chamber. For echocardiographic measure-
ments in AF, similar RR intervals and heart rate of < 100/min
are important, whereas the number of averaged cardiac cycles
is of less value [41].

Left Peak Atrial Longitudinal Strain

Left peak atrial longitudinal strain (PALS) is perceived as a
parameter of atrial distension that immediately reflects any
changes in heart rhythm [42]. In one prospective study,
PALS (see Fig. 1) was measured before and soon after cardio-
version. The parameter increased immediately following
the restoration of sinus rhythm by electrical cardiover-
sion (11.9+£1 vs 15.9+1.3 respectively). In addition,
among patients with a higher increase in PALS, the
incidence of AF recurrence was lower over a 6-month
observation; indeed, the difference in strain, obtained by
regression analysis adjusted for age, sex, and body mass
index (BMI), was shown as a predictor of sinus rhythm
maintenance [42]. Several studies have showed that PALS
may be of value in predicting successful AF catheter ablation
(see Table 1) [43-46].

Conversely, reduced PALS is associated with a higher risk
of secondary AF (after MV surgery or CABG [47-50]).
Importantly, lower PALS is linked not only with AF develop-
ment or recurrence but also with the higher risk for stroke in
paroxysmal, permanent, and persistent AF [46, 51]. PALS is
predictive of the risk of AF in patients with cryptogenic
stroke [52].

LA Dispersion

Dispersion is defined as a loss of coordinated myocardial con-
traction (dyssynchrony). The index of LA dispersion has been
proposed to accurately measure the extent of dyssynchrony
and potential impact on LA function, probability of arrhyth-
mia (in particular AF) and prognosis (e.g., risk of stroke). The
index of LA dispersion has been defined as standard deviation
(SD) of the time to the PALS in 12 LA segments, projected in
the 2 apical views (see Fig. 2), which correlates with LA
remodeling and brain natriuretic peptide (BNP) concentra-
tions [53]. A negative correlation between the index of LA
dispersion and PALS (» =—0.44) may suggest that the con-
tractility of the LA is lower in a dyssynchronized LA [53]. On
multivariate analysis, adjusted for the pre-cardioversion clini-
cal and echocardiographic variables, the index of LA disper-
sion was an independent predictor of 1-year AF recurrence
following cardioversion [54]. Indeed, dispersion of time to
PALS may be of value in the prediction of sinus rhythm main-
tenance. The parameter lower than a cut-off point of 128 ms
predicted sinus rhythm at 6 months after CV with 66% accu-
racy [55]. Furthermore, LA mechanical dispersion, defined as
SD of contraction times of 18 LA segments, was reported to
predict AF recurrence after catheter ablation (cutoff value of
24 ms, sensitivity of 77%, and a specificity of 85%, AUC
0.88) [56]. Thus, LA dispersion is in different works assessed
as SD of 12 or 18 segments contraction durations or the max-
imal difference of contraction durations in 12 atrial segments.

The electrical response to cardioversion (namely sinus
rhythm) may not be consistent with endocrine and mechanical
remodelling responses of the heart, at least in the early phase
(e.g., 1 month after cardioversion). For example, patients with
sinus thythm 1 month after cardioversion had similar pro-
atrial natriuretic peptide (proANP) levels and PALS compared
with those with persistent AF, even though sinus rhythm
restoration was associated with lowering of the LAVI;
thus, alternations in LA volume may precede changes in LA
remodeling [57].

LA Stiffness

LA stiftness, defined as the ratio of delta pressure and volume
in the left ventricle (LV), can be easily computed when
pressure/volume curves are obtained during invasive proce-
dure, e.g., pulmonary veins isolation. LV longitudinal strain
has been identified as the only independent predictor of LA
stiffness, and the addition of a LV stiffness parameter (based
on MV deceleration time [58]) to the LA stiffness predictor
increases sensitivity and specificity of AF recurrence predic-
tion up to 72% and 75%, respectively [53]. Because systolic
parameters in AF patients are not easily reproducible and di-
astolic measures are better validated against invasive measure-
ments, LA strain may have promising use clinically [41].

@ Springer
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Two-dimensional speckle-tracking may also be valuable in
predicting paroxysmal AF, especially in patients with ische-
mic stroke or TIA [59]. Early diastolic strain rate (SRe) and
global longitudinal displacement (GLD) of the left ventricle
were significantly lower in patients with paroxysmal AF com-
pared with those without arrhythmia [6]. These parameters
were retrospectively assessed in 205 patients who survived
acute cerebrovascular ischemia (cryptogenic stroke or TIA),

Fig. 1 a, b Representative strain
curve of LA with R-R gating. The
functional phases of LA
mechanics are shown in sinus
rhythm (1A) and atrial fibrillation
(1B). In atrial fibrillation peak, the
atrial contractile strain has
disappeared. Dotted line means
averaged peak LA strain. PALS,
peak atrial longitudinal strain;
PACS, peak atrial

contractile strain

@ Springer

were in sinus rhythm, and underwent echocardiography ex-
amination: none of the conventional echocardiographic pa-
rameters but lower GLD and lower SRe were significantly
associated with paroxysmal AF [6].

Due to its high sensitivity in determining subtle abnormal-
ities, two-dimensional speckle-tracking can provide an early
assessment of left ventricular (LV) diastolic dysfunction given
there is an association with reduced reservoir, conduit, and LA

T=459 msec

Cantractile
strain

SINUS RHTYHM

T=43 msec
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contraction. Therefore, the diagnosis can be established soon-
er than with the use of standard echocardiography measure-
ments [60]. Moreover, in impaired LA deformation visualized
by significant reduction of longitudinal systolic strain rate
(SRs), systolic strain (SR) and SRe have been independently
associated with the presence of left atrial appendage (LAA)
thrombus; hence, speckle-tracking might provide an addition-
al, clinically practical tool in identifying patients at risk for
LAA thrombus formation [61].

Total Conduction Time

The stage of atrial fibrosis correlates with AF-burden, defined
as the percentage of time spent in arrhythmia [62—64]. This
degree of atrial fibrosis can be estimated by total atrial con-
duction time (PA-TDI) which is the time interval between the
onset of P-wave in lead II of the ECG on echocardiographic
images to the peak A’-wave of the lateral atrial wall on the
tissue Doppler tracing. One analysis that assessed the relation-
ship between LA reservoir strain and PA-TDI in AF patients,
as compared with those without AF, showed that patients with
paroxysmal and persistent AF had significantly longer PA-

GS=0.0%~

Fig. 2 The example of temporal analysis of LA contraction—two-
dimensional speckle-tracking based LA strain curves derived from a
four-chamber apical view. Each curve represents one of the six LA wall
segments; dotted line means averaged peak LA strain. White arrows
indicate time to peak atrial longitudinal strain from each of the

@ Springer

TDI and a progressive decline in LA reservoir [65]. LA reser-
voir function correlated negatively with PA-TDI which may
suggest that the burden of LA fibrosis and LA structural re-
modelling affects the progression of AF [65].

PA-TDI can also be useful in the prediction of new-onset
AF after acute myocardial infarction. LA maximal volume
(HR 1.07), total LA ejection fraction (HR 0.96), and PA-TDI
duration (HR 1.05) were independent predictors of new-onset
AF in patients after acute myocardial infarction [66].
Moreover, PA-TDI > 145 ms (93.8% sensitivity and 90.5%
specificity) was shown to predict AF in patients with crypto-
genic stroke [67]. Also, intra (left) atrial mechanical delay
obtained with simultaneous recording of Doppler waveforms
at two different sites (tissue Doppler echocardiography) may
predict AF recurrence [68].

Diastolic and Systolic Tissue Doppler Parameters

Simple and objective parameters defining the risk of arrhyth-
mia recurrence would be helpful in tailoring AF treatment. Ari
et al. investigated the predictive value of pre-cardioversion
tissue Doppler parameters which link systolic atrial (Aa) and

T=459 msec

visualized 6 segments. Indices derived from the time to peak strain of
each segment are considered in dyssynchrony (dispersion) analysis.
Usually, the standard deviation of time to peak strain is taken (see
chapter: LA dispersion)
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systolic ventricular (Sa) functions with diastolic atrial
function—LV filling pressure (E/Ea). Preliminary results,
based on 127 patients showed that the indices were signifi-
cantly higher in the AF recurrence group compared with the
sinus rhythm group [69].

LA Appendage

In the healthy heart, the LA appendage (LAA) is a location for
reduced contractility and stasis within the LA. Thus, in spe-
cific circumstances (e.g., in patients with AF), it is often the
location for thrombus formation. Indeed, approximately 90%
of AF-related thrombi are localized in LAA. The shape of the
LAA can be classified into four groups: wind-sock, chicken-
wing, cauliflower, cactus-like (see Fig. 5) [70]. Compared
with non-chicken morphology, the chicken-wing morphology
of LAA was found to be associated with significantly de-
creased thromboembolic risk in AF. Conversely, compared
with chicken-wing, cactus and windsock were associated with
a 4-fold and cauliflower with an 8-fold increase in stroke or
TIA risk [71].

LAA Contraction

Evaluation of LAA contraction is crucial to assess the poten-
tial for thrombus formation. Under normal circumstances, that

is in sinus rhythm and when contractility of the LA is pre-
served, the apex of LAA almost obliterates. The emptying
velocity, that is highest in the proximal part of LAA, ranges
from 50 to 83 cm/s [72]. Velocities <40 cm/s are considered
as increasing the risk for stroke [73]. Of note, LAA emptying
velocity should be measured at the LAA orifice up to 2 mm
inside LAA due to its dependency on the measurement depth
[74]. Velocities < 20 cm/s (usually with the presence of spon-
taneous echo contrast) have been associated with high throm-
boembolic risk (see Fig. 3) [73].

Even in low CHADS, score patients (< 1) LA emptying
velocity and LAA ejection fraction (LAAEF) were valuable
predictors of thrombus formation. For LAAEF measurement,
both disk summation method and endocardial border speckle
tracking (e.g., by velocity vector imaging) can be successfully
utilized [75, 76]. For thrombus prediction, AAEF of 21% (as
the cutoff value) showed 93% sensitivity and 96% specificity,
whereas the corresponding values for LAA emptying velocity
(cutoff value of 24 cm/sec) were 73% and 75% (AUC 0.73),
respectively [75].

Tissue velocity imaging has been used to assess the LAA
walls velocities (both in transthoracic (TTE) and transesoph-
ageal echocardiography (TEE)) and the risk of thrombus for-
mation [77]. Severe spontaneous echo contrast in LAA was
found with 72% sensitivity and 82% specificity if TDI mean
velocity was < 6.13 cm/s. On regression analysis, LAA tissue

Fig. 3 Pulse wave Doppler of LAA velocity taken from the proximity of orifice of LAA. Different velocities represent graded risk of a thromboembolic
event. In the picture, LAA emptying velocity is above 40 cm/s indicating low risk of a thromboembolic event

@ Springer
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Fig. 4 Three-dimensional transoesophageal echocardiography utilization in the assessment of left atrial appendage. The 2D images are blurred (circle)
and the exploration of 3D reveals pectinate muscles (arrow) as the reason of 2D image inconsistency

Doppler velocity was the only predictor of qualitative LAA
spontaneous contrast grade [78]. Moreover, LAA wall veloc-
ity assessed by spectral tissue Doppler can predict sinus
rhythm maintenance after catheter ablation with 60% sensitiv-
ity and 91% specificity [43]

The higher the emptying velocity before CV is, the
higher the probability of sinus rhythm 1 year after CV
is, with the velocity exceeding 40 cm/s having 56%
sensitivity and 80% specificity [28]. Conversion of AF
to sinus rhythm is often accompanied by transient me-
chanical dysfunction of LAA, called atrial stunning.
Stunning is defined as LAA peak diastolic emptying
velocity lower than 20 cm/s [70]. Such stunning after
successful cardioversion may last from hours to
weeks—this is why anticoagulation is indicated for four
weeks afterward.

Fig. 5 Four different left atrial Wind-sock

auricle (LAA) morphology

Chicken-wing

LAA in 3 Dimensions

Three-dimensional (3D) echocardiography seems to be very
helpful in LAA shape and detailed morphology assessment.
3D TEE is superior to 2D TEE in differentiating pectinate
muscles, thrombus, myocardium or calcification, lysis, and
structure mobility (see Fig. 4) [79]. Moreover, volumes or
LAA orifices are likely to be less underestimated in 3D com-
pared with 2D, and 3D tools can be utilized in automated
volume calculation [80-82]. LAA orifice is measured due to
casily obtainable views in 3D TEE [70, 80, 83]

Conclusions: Keeping It Simple

There are several “novel” echocardiographic parameters that
hold promise to be more accurate in the assessment of both

Cauliflower Cactus-like

N vé \,\pﬁ %
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LA function and very early LA dysfunction and thus they may
further improve prediction of AF, stroke, heart failure, or death
compared with standard echocardiographic indices. For now,
these parameters have not been included in standard echocar-
diography examination because they require an experienced
echocardiographer, have limited reproducibility, prolong the
time of examination, but most importantly have not been
shown to be substantially superior to very simple and easy
to use parameters that can be measured by everybody in rou-
tine clinical practice.

The best example of such an “easy” parameter is LA size
(perhaps also LA volume), and regardless of limitations asso-
ciated with a simple measurement of this parameter, it may
have robust clinical significance. Indeed, echocardiography
may become a crucial diagnostic tool to guide therapy in some
niche areas of clinical practice. For example, it may predict
AF, stroke, or both in patients with a history of cryptogenic
stroke and no evidence of AF. Two recent trials (NAVIGATE
ESUS and RE-SPECT ESUS) failed to show the benefit of
therapy with rivaroxaban and dabigatran respectively versus
aspirin for the prevention of recurrent strokes in patients with
the history of cryptogenic stroke [84, 85]. However,
subanalysis of the NAVIGATE ESUS trial showed that in
patients with LA diameter of more than 4.6 cm (the risk factor
for AF development) the risk of stroke at 1 year was signifi-
cantly lower for therapy with rivaroxaban (1.7%) than with
aspirin (6.5%) (HR 0.26; 95% CI, 0.07-0.94) [86].

Another niche area for echocardiography may be improved
stroke risk stratification in patients with AF and truly low risk
of stroke, that is CHA,DS,-VASc 0 in men and 1 in women.
For now, there is no clear evidence for the positive net clinical
benefit of oral anticoagulation (when balancing the risk of
stroke versus the risk of major bleeding, particularly intracranial
hemorrhage) in such patients. However, “low-risk” is not ho-
mogenous and static and there may be some patients who
would benefit from anticoagulation. Indeed, one recent report
shows that oral anticoagulation may be beneficial in very young
AF patients, e.g., those aged 35 or more with concomitant heart
failure (CHA,DS,-VASc = 1) [87]. Assessment of LA size (see
Fig. 5), volume, LAA morphology (e.g., non-chicken morphol-
ogy) and perhaps also more sophisticated indices (e.g., PALS)
may help stratify stroke risk and guide anticoagulation in AF
patients presently perceived as being at a very low risk of
stroke.
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