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Original research

Prognostic impact of left ventricular global
longitudinal strain in atrial mitral regurgitation

Maria Chiara Meucci,"? Jan Stassen

ABSTRACT

Objective Left atrial (LA) and left ventricular (LV)
mechanics are impaired in patients with atrial functional
mitral requrgitation (AFMR), but their prognostic value

in this subset of patients remains unknown. The present
study aimed to evaluate the association between LA and
LV longitudinal strain and clinical outcomes in patients
with AFMR.

Methods A total of 197 patients (mean age 73+10
years, 44% men) with at least moderate AFMR were
retrospectively identified. LV global longitudinal strain
(GLS) and left atrial reservoir strain (LAS) were calculated
by two-dimensional speckle tracking echocardiography.
All-cause mortality was the primary endpoint of the
study. The threshold value of LV GLS (<16.3%) to identify
impaired LV mechanics was defined based on the risk
excess of the primary endpoint described with a spline
curve analysis.

Results Impaired LV GLS (<16.3%) was found in

89 (45%) patients. During a median follow-up of 69
months, 45 (23%) subjects experienced the primary
endpoint. Patients with impaired LV GLS (<16.3%) had

a significantly lower cumulative survival rate at 5 years,
as compared with patients with LV GLS (>16.3%) (74%
vs 93%, p<0.001). On multivariable Cox regression
analysis, LV GLS expressed as continuous variable

was independently associated with the occurrence of
all-cause mortality (HR 0.856, 95% Cl 0.763 to 0.960;
p=0.008) after adjustment for age, LAS, pulmonary
artery systolic pressure and severe tricuspid regurgitation.
Conversely, LAS was not significantly associated with
patients’ outcome.

Conclusions In patients with significant AFMR, the
impairment of LV GLS was independently associated with
worse outcomes.

INTRODUCTION

Atrial functional mitral regurgitation (AFMR)
has been recently recognised as a subcategory of
secondary mitral regurgitation (MR), characterised
by severe left atrial (LA) dilation and normal left
ventricular (LV) dimensions and systolic function.'*
AFMR typically occurs in patients with atrial fibril-
lation (AF) and/or heart failure with preserved
ejection fraction (HFpEF). Mitral annular dilation
caused by severe LA remodelling has been tradi-
tionally considered the key mechanism of AFMR.!
Nevertheless, recent studies using advanced imaging
techniques highlighted the role played by additional
factors in AFMR pathogenesis, including insuf-
ficient leaflet growth for the magnitude of mitral
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Atrial functional mitral regurgitation (AFMR) is
a subcategory of secondary mitral regurgitation
determined by left atrial (LA) enlargement
and mitral annular dilation. Currently,
there is little evidence regarding the role of
echocardiographic tools to risk stratify this
population. Particularly, an impairment of
either atrial and ventricular mechanics has
been reported in patients with AFMR, but the
prognostic significance of this finding has not
been investigated.

WHAT THIS STUDY ADDS

= In this cohort study, we found that, among
197 patients with moderate or severe AFMR,
the impairment of left ventricular (LV) global
longitudinal strain (GLS) assessed by speckle-
tracking echocardiography was associated with
an increased risk of mortality. However, in the
context of a predominantly atrial disease, LV
GLS emerged as a better prognostic marker
than LA reservoir strain.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The assessment of LV GLS in patients with
AFMR might be useful for clinicians to identify
patients with higher risk of adverse outcomes.

annulus dilation,” * atriogenic leaflet tethering® ©
and impaired mitral annular mechanics.”® Further-
more, LA dysfunction and reduced LV mechanics
have been suggested as potential triggers of AFMR
in patients with LA dilatation, being the main deter-
minants of mitral annular dynamics.' 8 Notably, in
a study by Tang et al,® the impairment of LV global
longitudinal strain (GLS) solely was associated with
the presence of significant AFMR among patients
with AF, whereas left atrial reservoir strain (LAS)
was not, thus challenging the concept of AFMR as a
purely atrial consequence.

Current guidelines of valvular heart disease
do not provide specific recommendations for
the management of AFMR, and little is known
about the prognostic determinants in this subset
of patients.” While the prognostic implications of
altered LV mechanics have been demonstrated in
the context of primary MR'* ! and functional MR
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secondary to LV disease (VFMR),'? they remain unexplored in
AFMR.

Thus, the present study aimed at investigating (1) the clinical
and echocardiographic associates of poor outcomes in patients
with AFMR and (2) the prognostic value of LA and LV longi-
tudinal strain, evaluated with two-dimensional speckle-tracking
echocardiography (2D-STE).

METHODS

Patient population

All patients diagnosed with moderate or severe MR between
January 2005 and December 2019 were retrospectively identi-
fied from the departmental cardiology information system (EPD-
Vision 11.8.4.0; Leiden University Medical Centre, Leiden, the
Netherlands) and patients with AFMR were selected. AFMR
was defined as MR caused by isolated mitral annulus dilation,
in the absence of leaflet abnormalities and LV dilation or systolic
dysfunction.! Mitral annulus dilation was defined by an antero-
posterior diameter of >35 mm or a ratio of annular diame-
ter:anterior leaflet length of >1.3 (in diastole)."”® Furthermore,
patients with AFMR should have normal LV volumes and normal
systolic function (indexed LV end-diastolic volume of <71 mL/
cm? (women) or <79 mL/cm” (men) and left ventricular ejec-
tion fraction (LVEF) of =50%, in the absence of regional wall
motion abnormalities).’ '* Patients with congenital heart disease,
hypertrophic cardiomyopathy, significant calcification of mitral
annulus, previous cardiac valve surgery or other significant
valvular heart diseases (with the exception of secondary tricuspid
regurgitation (TR)) were excluded (online supplemental figure
S1). Additionally, patients in whom speckle-tracking analysis was
not feasible, due to poor image quality, were also excluded.

The first echocardiographic examination performed with
the patient in haemodynamic stable conditions and showing
moderate or severe AFMR defined the time point of entry in the
present analysis.

Clinical variables included the New York Heart Association
(NYHA) functional class, cardiovascular risk factors, history of
ischaemic heart disease and AF, comorbidities and medications.

The results of this work have been presented during the
71st Annual Scientific Session of the American College of
Cardiology."

Conventional echocardiographic examination

Comprehensive transthoracic echocardiograms were performed
using a commercially available system (VIVID 7, E9 and E95;
GE-Vingmed, Horten, Norway). All images were digitally stored
for offline analysis (EchoPAC V.203; GE-Vingmed, Horten,
Norway).

From the apical two-chamber and four-chamber views, the
LV end-diastolic and end-systolic volumes were calculated and
indexed for body surface area (BSA), and the LVEF was obtained
by the biplane Simpson method."* The end-systolic LA volume
was measured from the apical two-chamber and four-chamber
views using the biplane Simpson method and indexed for BSA
(left atrial volume index (LAVI)).™

The assessment of LV diastolic function was performed
according to international recommendations.'® Pulmonary
artery systolic pressure (PASP) was calculated from the TR peak
jet velocity and the right atrial pressure (estimated from the
diameter and collapsibility of the inferior vena cava).'”

Finally, MR and TR severity were graded as none/trivial, mild,
moderate or severe, according to current guidelines, using an
integrative approach that includes qualitative, semiquantitative

and quantitative parameters.” '* The effective regurgitant orifice
area of MR was estimated using the proximal isovelocity surface
area method and, in patients with AF, averaging measurements
obtained on three consecutive cardiac cycles."

Speckle-tracking echocardiographic examination
LV GLS and LAS were measured offline by 2D-STE and using
EchoPAC V.203 software (GE-Vingmed Ultrasound), as we
previously described.'®

LV GLS was calculated using images from the apical four-
chamber and two-chamber and long-axis views zoomed on the
LV and with a frame rate of =50 frames/s. The LV endocardial
border was manually traced and then automatically tracked by
the software through the cardiac cycle. The LV GLS was derived
by averaging all segmental strain values and later by averaging
values of all apical views.'* '8

LAS was assessed using the onset of the QRS wave as reference
point (R-R gating). After the manual definition of LA endocar-
dial border in the apical four-chamber view, the region of interest
was adjusted to cover the entire LA wall and divided into six
segments by the software. The average of peak values during the
cardiac cycle of all six segments identifies the LAS."® ¥

In patients with AF at the time of the echocardiogram,
measurements were obtained on three consecutive cardiac
cycles, when available, and averaged, to obtain values of LV GLS
and LAS. In the present study, strain measurements are presented
as absolute values.

Follow-up

The occurrence of all-cause mortality was the primary endpoint
of the present study. In addition, mitral valve interventions,
including surgical mitral valve repair and transcatheter edge-to-
edge mitral valve repair, as well as AF ablation procedures, were
noted. Data were collected using the departmental cardiology
information system (EPD-Vision 11.8.4.0), which is linked to
the governmental death registry database. Follow-up data were
available for all patients.

Patient and public involvement statement
It was not possible to involve patients or the public in the design,
conduct, reporting, or dissemination plans of our study.

Statistical analysis

Continuous data are reported as mean+SD when normally
distributed and as median (IQR) when not normally distributed.
Categorical variables are presented as absolute numbers and
percentages.

Unpaired Student’s T test and Mann—Whitney U test (for
continuous data, as appropriate) and Chi-square test or the Fish-
er’s exact test (for categorical variables) were used to compare
the baseline characteristics between two groups. The correlation
between LV GLS and LA strain was assessed using the Spear-
man’s method.

Spline curve analyses were performed to investigate the HR
changes for the primary endpoint across the range of LV GLS
and LAS values. The cut-off value of LV GLS associated with
increased risk of all-cause mortality was estimated using the
fitted spline curve (ie, in which the predicted HR is>1) and was
used to define impaired LV mechanics. Kaplan-Meier survival
analysis with a log-rank test was performed to calculate survival
rates for the population, stratified by LV GLS with the spline
curve-derived threshold value. The association between clinical
and echocardiographic parameters and all-cause mortality was
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Table 1 Clinical characteristics of the total population and subgroups stratified according to LV GLS
Total population (n=197) LV GLS =16.3% (n=89) LV GLS >16.3% (n=108) P value
Age (years) 73+10 75+10 72+10 0.026
Male gender, n (%) 86 (44) 41 (46) 45 (42) 0.535
Hypertension, n (%) 103 (52) 41 (46) 62 (57) 0.155
Diabetes, n (%) 16 (8) 8(9 8(7) 0.644
Dyslipidaemia, n (%) 67 (34) 29 (33) 38 (35) 0.776
Coronary artery disease, n (%) 36 (18) 18 (20) 18 (17) 0.650
AF, n (%) 0.003
Paroxysmal AF 59 (30) 17 (19) 42 (39)
Persistent or permanent AF 123 (62) 67 (75) 56 (52)
No AF 15(8) 5 (6) 10 (9)
Previous AF ablation, n (%) 22 (11) 6(7) 16 (15) 0.070
eGFR (mL/min/1.73 m?) 68+21 69+22 67+20 0.573
NYHA functional class, n (%) 0.409
| 63 (31) 25 (28) 38 (35)
Il 80 (41) 36 (41) 44 (41)
n-v 54 (27) 28 (31) 26 (24)
Medications, n (%)
Oral anticoagulant 169 (86) 77 (87) 92 (85) 0.671
Beta blockers 131 (66) 59 (66) 72 (67) 0.873
ACEi/ARB 106 (54) 46 (52) 62 (56) 0.407
Diuretics 97 (49) 46 (52) 51 (47) 0.528
Antiarrhythmics 38(19) 17 (19) 21 (19) 0.994
Digoxin 37 (19) 18 (20) 19 (18) 0.592

Values are expressed as mean+SD, median (IQR) or n (%).

ACEi, ACE inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; eGFR, estimated glomerular filtration rate; GLS, global longitudinal strain; LV, left ventricular; NYHA,

New York Heart Association.

evaluated using Cox proportional hazards regression models.
Exposure to mitral valve intervention was included in the model
as a binary time-dependent term. Variables with a univariable
value of p<0.05 were incorporated into the multivariable models.
In order to investigate the incremental prognostic value of LV
GLS over clinical and conventional echocardiographic variables
included in the multivariate analysis, the likelihood ratio test for
nested models was performed. Additional multivariable models
including potential confounders were performed as sensitivity
analyses. The proportional hazards assumption was verified for
all the Cox regression models through the assessment of scaled
Schoenfeld residuals. Significant collinearity between any pairs
of continuous variables that met the entry criteria for multivari-
able regression models was excluded by a correlation factor anal-
ysis (correlation coefficient<0.70).

All p-values were two-sided and p-values<0.05 were consid-
ered statistically significant. Data were analysed using the SPSS
version 25.0 and the R software version 4.0.1.

RESULTS
Patient population
A total of 197 patients (mean age 73=10 years, 44% men) were
included (online supplemental figure S1). A history of AF was
observed in the majority of participants (92%), while only 19%
of patients had concomitant coronary artery disease (table 1).
Table 2 displays the echocardiographic characteristics of the
overall cohort. The mean LV GLS was 16.4%=+2.7%, whereas
the mean LVEF was 58%+6%. In addition, the median LAS was
11.0% (IQR 8.8%—16.4%). At the time of diagnosis, 117 (59%)
patients had moderate AFMR, while severe AFMR was observed
in the remaining 80 (41%) participants. LV GLS was moderately
correlated with LAS (correlation coefficient=0.46, p<0.001).

Follow-up

After a median follow-up of 69 (IQR 38-112) months, 45
(23%) patients died. Additionally, mitral valve intervention was
performed in 60 (31%) patients after a median follow-up of 5
(IQR 3-10) months (online supplemental table S1).

Patients who reached the primary endpoint were more
frequently symptomatic (NYHA class =II-1V), had lower values
of LV GLS, higher values of PASP and a higher prevalence of
severe TR compared with their counterparts (online supple-
mental table S2).

To evaluate the relationship between LV GLS and the occur-
rence of all-cause death, a spline curve was fitted, demonstrating
that the HR for the primary endpoint was significantly higher
with decreasing values of LV GLS (figure 1). Based on the
spline curve, values of LV GLS below 16.3% were associated
with increased risk of death. Thereby, this threshold was used
to define impaired LV mechanics and divide the population.
Similarly, a spline curve investigating the association between LA
strain values and the risk of all-cause mortality is shown in online
supplemental figure S2.

Impaired LV GLS was observed in 89 patients (45% of the
overall population). Patients with impaired LV GLS (<16.3%)
were older and had more often a history of persistent or perma-
nent AF, as compared with patients with more preserved LV GLS
(>16.3%) (table 1). In terms of echocardiographic data, patients
with impaired LV GLS had significantly larger indexed LV end-
systolic volume and lower LVEF, in comparison with patients
with more preserved LV GLS (table 2 and figure 2). Moreover,
subjects with impaired LV GLS were characterised by a larger
LA dilation and a greater impairment of LAS. The prevalence of
severe MR was also higher in patients with impaired LV GLS, as
compared with individuals with more preserved LV GLS. During
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Table 2  Echocardiographic characteristics of the total population and subgroups stratified according to LV GLS

Total population (N=197) LV GLS =16.3% (n=89) LV GLS >16.3% (n=108) P value

AFE* n (%) 127 (65) 72 (81) 55 (51) <0.001
HR (beats/min) 76+18 81+18 72+18 <0.001
LVEDVI (mL/m?) 52+11 52+11 51+10 0.514
LVESVI (mL/m?) 216 226 19+5 <0.001
LVEF (%) 58+5 56+5 61+5 <0.001
LV GLS (%) 16.4+2.7 14.1+1.6 18.4+1.5 <0.001
LAVI (mL/m?) 53 (43-68) 60 (49-74) 51 (40-61) <0.001
LAS (%) 11.0 (8.8-16.4) 9.6 (8.3-12.5) 13.5(9.2-19.5) <0.001
E/A ratiot 1.6 (1.1-2.1) 1.9 (1.0-2.6) 1.4 (1.1-2.0) 0.253
E-wave DCT (ms) 156 (117-200) 140 (105-187) 178 (137-204) 0.002
E/e’ ratio 10.1 (8.1-12.7) 10.1 (7.8-13.5) 10.0 (8.1-12.5) 0.802
MR VC (mm) 5.5+1.5 6.0+1.5 5.0+1.0 0.045
MR EROA (mm?) 28+9 31+8 27+7 0.001
MR grade, n (%) 0.048

Moderate 119 (60) 47 (53) 72 (67)

Severe 78 (40) 42 (47) 36 (33)
TR grade, n (%) 0.054

None/mild 82 (42) 30 (34) 52 (48)

Moderate 59 (30) 27 (30) 32 (30)

Severe 56 (28) 32 (36) 24 (22)
PASP (mm Hg) 32 (26-39) 32 (25-42) 31 (27-38) 0.542

Values are expressed ad mean+SD, median (IQR) or n (%).

*AF at the time of echocardiography.

tCalculated only in patients in in sinus rhythm.

AF, atrial fibrillation; DCT, deceleration time; E/A ratio, ratio between E-wave and A-wave velocities; E/e' ratio, ratio between E-wave velocity and the composite mean of E’
velocity; EROA, effective regurgitant orifice area; GLS, global longitudinal strain; HR, heart rate; LA, left atrial; LAS, left atrial reservoir strain; LAVI, left atrial volume index; LV, left
ventricular; LVEDVI, left ventricular end-diastolic volume index; LVEF, left ventricular ejection fraction; LVESVI, left ventricular end-systolic volume index; MR, mitral regurgitation;
PASP, pulmonary arterial systolic pressure; TR, tricuspid regurgitation; VC, vena contracta width.

follow-up, there were no significant differences in the rates of significantly associated with the occurrence of all-cause mortality.
mitral valve intervention or AF ablation between the two groups In addition, age, LAVI, LAS, PASP and the presence of severe
(online supplemental table S1). TR were also associated with a worse survival. Conversely, there

Prognostic value of LV GLS

Patients with impaired LV GLS had significantly lower cumula-
tive survival rates at 1 and § years, as compared with patients
with more preserved LV GLS (88% vs 98%; p=0.006 and 74%
versus 93%; p<0.001, respectively; figure 3). On univariable
Cox regression analysis (table 3), more impaired LV GLS was
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Reference= 16.3%

Hazard Ratio
=

0.37
Figure 2 Examples of measurement of LV GLS in patients with AFMR.
(A) Echocardiographic images from a patient with severe AFMR and
preserved LVEF (63%). The bull's eye plot shows preserved LV GLS
(17.7%). (B) Echocardiographic images from another patient with severe

0.14

* * " — (1/6) * ” AFMR and preserved LVEF (55%). The bull’s eye plot demonstrates an
impairment of LV GLS (14.2%), particularly of the basal LV segments.
Figure 1  Penalized spline curve for the all-cause mortality according AFMR, atrial functional mitral regurgitation; ANT, anterior; ANT-
to LV GLS values. The spline curve describes the HR change for the SEPT, antero-septal; GLS, global longitudinal strain; INF, inferior; LAT,
primary endpoint with 95% Cls (shaded blue areas) across a range of lateral; LV, left ventricular; LVEF, left ventricular ejection fraction; POST,
values of LV GLS. GLS, global longitudinal strain; LV, left ventricular. posterior; SEPT, septal.
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100%

80%

Survival

60%

— LVGLS >16.3%

— LVGLS=16.3% Log Rank p<0.001

40%

0 12 24 36 48 60
Time (months)
Number at risk

-— 108 105 9 89 79 69

- 89 79 70 66 54 43

Figure 3 Kaplan-Meier curve at 5 years for all-cause mortality
stratified by LV GLS (<16.3%). GLS, global longitudinal strain; LV, left
ventricular.

was no significant association between mitral valve intervention
and outcome. Since the relatively limited number of events and
in order to minimise the collinearity effects between LAVI and
LAS, these two variables were included alternatively in the multi-
variable models. The association between LV GLS and all-cause
mortality remained significant, after adjustment for age, PASP,
the presence of severe TR, and LAVI (model 1) or, alternatively,
LAS (model 2) (table 3).

Notably, a significant improvement in the model power
for predicting patients’ outcome was observed following the

inclusion of LV GLS in the multivariable models (Chi-square
difference=7.05 for the model one or Chi-square differ-
ence=7.02 for the model 2; both p=0.008). When LV GLS
was introduced in the analyses as categorical variable (LV
GLS<16.3%), it was consistently associated with a worse
survival (online supplemental table S3). Other multivariable
models were built incorporating potential confounders and
with a maximum of 5 variables in each model. These analyses
confirmed the significant association between LV GLS and all-
cause mortality, after controlling for gender, the presence of
symptoms (NYHA class=II 1V), AF during echocardiography
and MR severity (online supplemental table S4). Conversely,
the association between LAS and the primary endpoint had a
borderline significance after controlling for age and gender and
was not significant after further adjustment for each of the other
relevant variables, included alternatively in the analysis (online
supplemental table S5). Similarly, when expressed as dichoto-
mous variable using the threshold derived from the spline curve
(LAS <129%; as illustrated in online supplemental figure S2), LA
strain did not retain an independent association with mortality
in multivariable analyses (online supplemental table S53).

DISCUSSION

The present study demonstrated that, among patients with
significant (moderate and severe) AFMR, the impairment of
LV GLS was independently associated with worse outcomes,
whereas LAS was not.

Secondary MR in patients with normal LV dimensions and
preserved LVEF has increasingly been recognised. This entity,
named AFMR, typically occurs in patients with AF and/or HFpEF
with severe LA dilatation and normal LV dimensions and systolic

Table 3  Univariable and multivariable Cox regression analysis for all-cause mortality.

Univariable analysis

Multivariable analysis 1

Multivariable analysis 2

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Clinical variables

Age (years) 1.046 (1.011 to 1.082) 0.009 1.027 (0.992 to 1.064) 0.133 1.019 (0.985 to 1.054) 0.287
Male gender 1.713 (0.950 to 3.088) 0.073

Diabetes 1.163 (0.357 to 3.791) 0.802

Coronary artery disease 1.181 (0.567 to 2.462) 0.246

eGFR (ml/m?) 0.995 (0.980 to 1.011) 0.551

NYHA class >II-IV 1.921 (0.844 to 4.369) 0.120

MV intervention (time-dependent) 0.805 (0.399 to 1.624) 0.544

Echocardiographic variables

AF* 1.665 (0.859 to 3.225) 0.132

LVEDVI (mL/m?) 0.991 (0.964 to 1.020) 0.552

LVESVI (mL/m?) 1.011 (0.955 to 1.063) 0.962

LVEF (%) 0.955 (0.906 to 1.007) 0.091

LV GLS (%) 0.824 (0.741 t0 0.917) <0.001 0.856 (0.763 to 0.960) 0.008 0.850 (0.753 to 0.959) 0.008
LAVI (mL/m?) 1.011 (1.002 to 1.020) 0.013 1.005 (0.994 to 1.017) 0.338

LAS (%) 0.928 (0.869 to 0.990) 0.024 1.003 (0.934 t0 1.077) 0.936
E/e’ ratio 1.030 (0.973 to 1.098) 0.288

Severe MR 1.760 (0.976 to 3.175) 0.060

MR EROA (mm?) 1.025 (0.996 to 1.056) 0.095

Severe TR 2.728 (1.495 to 4.977) 0.001 1.779 (0.896 to 3.530) 0.100 1.967 (1.022 to 3.788) 0.043
PASP (mm Hg) 1.034 (1.011 to 1.057) 0.003 1.011 (0.984 to 1.039) 0.443 1.017 (0.992 to 1.044) 0.185

*AF at the time of echocardiography.

AF, atrial fibrillation; eGFR, estimated glomerular filtration rate; EROA, effective regurgitant orifice area; GLS, global longitudinal strain; LA, left atrial; LAS, left atrial reservoir

strain; LAVI, left atrial volume index; LV, left ventricular; LVEDVI, left ventricular end-diastolic volume index; LVEF, left ventricular ejection fraction; LVESVI, left ventricular end-

systolic volume index; MR, mitral regurgitation; MV, mitral valve; NYHA, New York Heart Association; PASP, pulmonary arterial systolic pressure; RVol, regurgitant volume; TR,

tricuspid regurgitation.
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function (based on LVEF).!? Although mitral annular dilatation
has been traditionally considered the underlying mechanism,
recent studies using advanced imaging techniques suggested
several additional contributors in AFMR pathogenesis.' ®* Among
them, LA dysfunction and reduced LV longitudinal mechanics
have been described as potential triggers of AFMR in subjects
with LA dilatation.! ® Patients with AFMR showed impaired
values of LV GLS and LAS, as compared with patients with AF
but without AFMR.® * These differences remained in patients
with comparable LA and LV dimensions and LVEE.® Neverthe-
less, only the impairment of LV GLS was correlated with reduced
systolic annular dynamics (ie, systolic annular area change) and
with the presence of significant AFMR, among patients with
AF,® suggesting that AFMR may be not a purely atrial disorder.

In addition, little is known about the risk stratification and
the therapeutic strategies for the management of patients with
significant AFMR." ? 2! 2% Particularly, the prognostic value of
impaired LA and/or LV mechanics, assessed by 2D-STE, has
never been investigated in patients with AFMR.

Prognostic implications of LV GLS in AFMR
LVEF may overestimate LV systolic function in the context of
MR due to its load-dependent nature, as well as the regurgitant
fraction of the LV volume not contributing to the forward stroke
volume.?® On the contrary, LV GLS has emerged as sensitive and
accurate marker of LV systolic dysfunction, with the advantage
of being less influenced by the loading conditions in comparison
to LVEE** LV GLS has been demonstrated to detect subtle LV
systolic dysfunction in patients with primary MR and preserved
LVEF® and, of importance, was independently associated
with adverse outcomes after mitral valve surgery in two large
retrospective cohorts of patients with severe primary MR." !
Similarly, in individuals with moderate or severe VFMR, lower
values of LV GLS predict a worse survival, while LVEF was not.'?
Accordingly, LV GLS has been proposed as an additional tool
for the risk stratification and decision-making of patients with
significant MR.'* 12

The present study showed for the first time that LV GLS
was independently associated with the occurrence of all-cause
mortality in patients with moderate or severe AFMR. An LV
GLS of <16.3% identified a cohort of patients with impaired
LV mechanics, despite normal LVEF, who have a worse survival.

Of note, besides the detrimental effects of the chronic volume
overload, a variety of factors may explain the impairment of LV
GLS in patients with AFMR. AF negatively affects LV structure
and function through several mechanisms including systemic
inflammation, impaired microvascular perfusion, interference
with the ventricular calcium handling and oxidative stress.”’
Moreover, reduced LV GLS assessed with 2D-STE is typically
observed in patients with HFpEF and has been associated with a
worse symptomatic status*® and adverse cardiovascular events.”’
Thus, from a pathophysiological point of view, the relationship
between AFMR and impaired LV GLS may be bidirectional, with
reduced LV mechanics being either cause or consequence of the
MR and need to be clarified in prospective series.

Other prognostic markers in AFMR

In the study by Abe et al,*® the presence of concomitant signif-
icant MR and TR among 298 patients with AF and preserved
LVEF identified a subset of patients (n=11) with worse outcome
at a mean follow-up of 24 months. Similarly, TR grading was
reported as an independent prognostic marker in a small cohort
(n=90) of patients with at least moderate-to-severe AFMR,

together with age, renal function and LV end-systolic dimen-
sions.”” The present study confirmed this finding in a larger
population of patients with significant AFMR and with longer
follow-up duration.

MR may contribute to the atrial cardiomyopathy, which
is a cause and/or consequence of AF. Whether LAS may be a
useful marker of worse outcomes in these patients has not been
explored. In the present study, in contrast to LV GLS, LAS was not
independently associated with outcomes in patients with AFMR.
Notably, this finding was also confirmed evaluating its prog-
nostic value separately from LV GLS, since the latter is a major
determinant of LAS.*” This observation may seem surprising in
the context of a primarily atrial disease but is possibly related
to the presence of advanced LA remodelling with severe LA
dysfunction in the vast majority of the subjects, thus making LAS
a suboptimal tool of risk stratification in this setting.

Study limitations

This study is limited by its retrospective, single-centre, observa-
tional design. Further prospective investigations are needed to
confirm our findings and to evaluate and assess how LV GLS can
optimise the clinical decision-making in patients with AFMR.
LV dilatation or reduced LVEF was an exclusion criterion for
the diagnosis of AFMR. However, the chronic volume overload
in patients with AFMR may result in LV dilatation and overt
systolic dysfunction. Thus, advanced forms of AFMR could be
misclassified as VFMR. Moreover, despite LV GLS was calcu-
lated by the average of multiple measurements obtained in
consecutive cardiac cycles for patients with AF, the variability of
the heart rate may have influenced the LV GLS values.

CONCLUSIONS

In patients with significant AFMR, impaired LV GLS was inde-
pendently associated with an increased risk of all-cause mortality.
LV GLS may be a useful tool for the risk stratification of patients
with AFMR.
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