@ESC

European Heart Journal - Cardiovascular Imaging (2024) 25, 1652-1660 ORIGINAL PAPER

European Society https://doi.org/10.1093/ehjci/jeae199

of Cardiology

Alterations in left atrial and left ventricular
coupling in mixed aortic valve disease

Maala Sooriyakanthan”, Fraser J. Graham 1’2T, Natalie Ho3, Howard Leong-Poi4,
and Wendy Tsang ® '*

"Division of Cardiology, Toronto General Hospital, University Health Network, University of Toronto, 200 Elizabeth Street, Toronto M5G 2C4, Canada; Robertson Centre for
Biostatistics, University of Glasgow, 90 Byres Road, Glasgow G12 8TB, UK; 3Division of Cardiology, The Scarborough Health Network, 3050 Lawrence Avenue East, Toronto M1P 2V5,
Canada; and “Division of Cardiology, St. Michael's Hospital, University of Toronto, 36 Queen Street East, Toronto M5B 1W8, Canada

Received 28 February 2024; revised 5 July 2024; accepted 21 July 2024; online publish-ahead-of-print 9 August 2024

See the editorial comment for this article ‘Multivalvular diseases: look beyond the valves—no way home’, by I. Carrion—Sanchez
and J.L. Zamorano, https://doi.org/10.1093/ehijci/jeae226.

Methods
and results

Conclusion

To characterize left atrial (LA) and left ventricular (LV) function and atrioventricular (AV) coupling in patients with moderate
mixed aortic valve disease (MMAVD) against those with isolated moderate or severe aortic valve disease and controls.

Retrospective LA and LV peak longitudinal strain (LS) analysis were performed on 260 patients [46 MMAVD, 81 moderate
aortic stenosis (AS), 50 severe AS, 48 moderate aortic regurgitation (AR), and 35 severe AR] and 66 controls. Peak LV and
LA LS and AV coupling, assessed by combined peak LA and LV strain, was compared between the groups. Analysis of vari-
ance and two-sided t-tests were used, and a P-value of <0.01 was considered significant. LV strain was significantly lower in
those with MMAVD compared with controls and those with moderate or severe isolated AR but comparable to those with
moderate or severe AS (=17.1 + 1.1% MMAVD vs. —=17.7 + 1.5% moderate AS, P=10.02, vs. —17.0 + 1.5% severe AS, P =
0.74). AV coupling was significantly lower in those with MMAVD compared with controls and those with moderate AS or
AR but comparable to those with severe AS or AR (47.1 & 6.8% MMAVD vs. 45.1 + 5.6% severe AS, P =0.13, vs. 50.4 + 9%
severe AR, P=0.07).

Impairments in AV coupling are comparable for patients with MMAVD and those with severe isolated AS or AR.
Impairments in LV GLS in MMAVD mirror those found in severe AS. These findings suggest that haemodynamic conse-
quences and adverse remodelling are similar for patients with MMAVD and isolated severe disease.
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Graphical Abstract

Are there differences in atrial-ventricular (AV) coupling in patients with moderate mixed aortic
valve disease (MMAVD) compared to those with moderate or severe isolated lesions?

Two centres in

Toronto, Ontario

260 patients with
valve disease
66 healthy controls

Retrospective

MMAVD - n=46
Moderate AS - n=81
Severe AS - n=50
Moderate AR - n=81
Severe AR - n=35
Controls - n=66
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[ Take home messages ]

* AV coupling (combined LA and LV peak systolic strain) was similarly reduced in patients with MMAVD

and in those with severe AS or AR

e LV peak systolic strain values were significantly reduced in patients with MMAVD and comparable to

those with severe AS

+ These findings suggest that the haemodynamic and mechanical consequences to cardiac chambers
are similar in MMAVD to those with severe isolated disease

Keywords

Introduction

Patients with moderate mixed aortic valve disease (MMAVD) defined
as the presence of moderate aortic stenosis (MAS) and moderate aortic
regurgitation (mAR) are known to experience adverse cardiovascular
events, such as hospitalizations and mortality, at rates similar to if not
worse than those with isolated severe AS (sAS) or regurgitation
(sAR)." This may be due to the unique haemodynamic impact of com-
bined pressure and volume overload that both stenotic and regurgitant
lesions have on patients with MMAVD. In those with MMAVD, the con-
comitant moderate lesions may cause greater changes to left atrial (LA)
and left ventricular (LV) structure and function than that observed with
isolated aortic valve disease.'®""

Studies have demonstrated that the LA and LV also do not operate in
isolation but are functionally interdependent.'*'® Historically, the im-
pact of disease processes on the LV or LA has been studied in isolation,
ignoring this important relationship. Recent technological advance-
ments allow direct assessment of this interchamber coupling by various
methods and have established normal function.™ Alterations in LA and
LV volume and longitudinal function predict the occurrence of inci-
dence of atrial fibrillation, cardiac arrest, congestive heart failure, and
death in patients with heart disease.>'*~"” Therefore, atrioventricular
coupling could be a better assessment of global heart dysfunction.
Little is known regarding the effects of MMAVD on LA function and

mixed aortic valve disease e aortic stenosis ® aortic regurgitation e longitudinal strain e atrioventricular coupling

LA-LV coupling. This study aims to (i) describe the impact of
MMAVD on LA function and (ii) left atrioventricular coupling and (iii)
compare left atrioventricular coupling in MMAVD patients to patients
with isolated AS and isolated AR.

Methods

Patient selection

Patients were retrospectively identified with MMAVD, a combination of
mAS and mAR, on transthoracic echocardiography (TTE) from 1 January
2009 to 1 January 2016, at St. Michael’s Hospital. Isolated AS and AR pa-
tients and controls were identified at the University Health Network
from 1 January 2017 to 1 January 2019. The Research Ethics Boards of
both institutions approved this study.

We included patients with MMAVD who were >18 years of age, in sinus
rhythm, and had normal LV function [ejection fraction (EF) > 50%]. Those
with MMAVD were compared with four isolated disease groups and a con-
trol group. The isolated disease groups comprised patients with isolated
mAS, isolated sAS, isolated mAR, and isolated sAR. The control group con-
sisted of healthy adults free of cardiac disease. Exclusion criteria included (i)
prior valve intervention, (ii) mitral, tricuspid, or pulmonic valve disease of
moderate or greater in severity, and (iii) acute valvular disease (i.e. from
trauma, infective endocarditis, or aortic dissection).
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Echocardiographic data

All selected patients underwent a standard comprehensive echocardio-
graphic study including M-mode, 2D echocardiogram, Doppler, tissue
Doppler, and the use of multiple transducer positions to record aortic valve
jet velocity. Aortic valve area (AVA) was calculated using the continuity
equation as per the American Society of Echocardiography (ASE) guide-
lines."® Doppler parameters of pressure half-time, and the presence of
flow reversal in the thoracic and descending aorta, and the quantitative
measure of vena contracta width, jet area as a percentage of the left ven-
tricular outflow tract (LVOT), and regurgitant volume were also measured
as per the ASE guidelines.”

Valve severity classification

Anintegrated and stepwise approach was used for AS and AR quantification
as per current guidelines.'®"® sAS was defined by any two of the following
criteria;: AVA < 1.0 cmz, Vinax =4 m/s, or mean gradient >40 mmHg, and
mAS by an AVA of 1.0-1.5 cm?, Vinax of 3.0-3.9 m/s, or mean gradient of
20-39 mmHg. As the presence of concomitant AR may lead to a higher vol-
ume flow rate and so overestimation of gradients, an indexed AVA of 0.60—
0.85 cm?/m? and/or dimensionless index 0.25-0.50 for mAS were also as-
sessed in accordance with the ASE guideline.

sAR was defined as having at least two of the following: vena contracta
width > 0.6 cm, pressure half-time < 200 ms, jet width > 65% of LVOT, en-
larged LV, and the presence of prominent holodiastolic flow reversal in the
descending aorta. mAR was defined as having at least two of the following:
vena contracta width: 0.3-0.6 cm, pressure half-time: 200-500 ms or jet
width 25-64% of LVOT, and intermediate flow reversal in the descending
aorta.

LV, LA, and right ventricular parameters

The following parameters were measured offline from each study as per the
ASE guidelines: LV wall thickness, volumes, and EF.2° E-wave velocity,
A-wave velocity, and septal and lateral e’ velocities were measured from mi-
tral valve inflow and mitral annulus tissue Dopplers. Tricuspid annular plane
systolic excursion (TAPSE) and tricuspid valve lateral annulus S" were mea-
sured from tricuspid annular M-mode and tissue Doppler, respectively. LV
stroke volume (SV) was derived from the LVOT. The biplane Simpson’s
method was used to measure LV and LA volumes, which are reportedly in-
dexed to body surface area (BSA). A volumetric ratio of LAILV end-systolic
volumes was calculated and reported.

Speckle tracking strain analysis

Offline 2D speckle tracking strain analysis was performed to measure LA and
LV longitudinal strain on the same image and cardiac cycle to eliminate the
beat-to-beat variability, using vendor-independent software Echolnsight®
(Epsilon Imaging®) for full heart analysis (Figure 1)."* Analysed image frame
rates were >30 frames/s. End-diastole was defined as one frame before
the corresponding mitral valve closure, and end-systole was defined to coin-
cide with the closure of the aortic valve."* LA cardiac cycles were defined as
follows: (i) reservoir phase: starts at ventricular end-diastole and continues
until the mitral valve opens; (i) conduit phase: from mitral valve opening
through diastasis until the onset of atrial contraction; and (jii) contractile
phase: onset of atrial contraction until the end of ventricular diastole.?>**
Endocardial border tracing was performed manually. Segments with persist-
ently inadequate tracking after manual adjustment were excluded.

LV myocardial systolic function and LA phasic function were studied on ap-
ical four-chamber views. The following myocardial and chamber function va-
lues were recorded: LV global longitudinal peak systolic strain (GLS), LA
reservoir, LA contractile and conduit strains (LA Sct and LA Scd, respectively),
and LA biplane EF. The time to peak strain for both chambers was also re-
corded. Strain analysis was feasible in 98.9% of LV and 98.8% of LA segments.

Atrioventricular strain, as a measure of AV coupling, was calculated as the
sum of the absolute values of LV GLS (converted to positive values) and LA
reservoir strain.”* Time to peak values were corrected to heart rate by div-
iding by the R-R interval and multiplying by 100% to account for variable
heart rate.

Reproducibility

Intra- and interobserver variability of LV GLS and LA reservoir strain were
calculated after blinded repeat analysis was performed on 20 randomly cho-
sen patients. Intraobserver variability was performed over 12 months after
the first reading to avoid recall bias. Intra- and interobserver agreement are
presented by Bland—Altman (differences vs. means) plots and intraclass cor-
relation coefficients (ICCs). The ICCs were calculated by two-way
random-effects models with 95% confidence intervals (Cls).

Statistical analysis

Categorical variables were expressed as percentages, whereas continuous vari-
ables were expressed as mean + SD unless otherwise noted. Comparison
of categorical variables was performed using y* or Fisher's exact test.
Comparison of continuous variables was performed with analysis of variance
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Figure 1 (A) Image of 2D STE global longitudinal strain analysis of LA and LV with the zero strain reference at the end-diastole. (B) The line plot shows
the average GL strain curves for LA (top) and LV (bottom) per one cardiac cycle. The LV peak systolic strain and LA reservoir strain with the time to
peak strain are indicated by arrows. (C) Mean LS curves of LA and LV for MAVD, severe disease groups, and control were superimposed to show the
peak and time to peak strain differences. AV strain was calculated as sum of absolute values of global longitudinal LV peak systolic strain and LA reservoir

strain.
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followed by post hoc Tukey’s test if needed or two-sided t-tests. AP < 0.01 was
considered significant.

Results

Baseline clinical characteristics of the

study population

A total of 260 patients with valve disease (46 MMAVD, 81 isolated
mAS, 50 isolated sAS, 48 isolated mAR, and 35 isolated sAR) and 66
healthy controls were included in this study. Baseline clinical character-
istics are shown in Table 1. Those with moderate or severe AS were
older than the other groups. The most common cause of AS was calcific
disease. For those with AR, the most common cause was a dilated as-
cending aorta. The MMAVD group consisted predominantly of those
with congenital and dilated ascending aorta. Echocardiographic AV
measurements are presented in Table 2.

Echocardiographic and strain parameters
of the study population
LA geometry and function

Echocardiographic parameters of LA volumes and function are sum-
marized in Table 2. Those with MMAVD had significantly larger
BSA-indexed left atrial end-diastolic volume (LAEDV) compared with
controls and those with moderate isolated AS or AR (LAEDV indexed

Table 1

20.7 + 9.6 mL/m* MMAVD vs. 11.4 2.9 mL/m” controls vs. 15.3 +
4.8 mL/m” mAS vs. 15.2 + 5.7 mL/m” mAR; all P < 0.001), but not com-
pared with those with isolated severe AS or AR (20.7 + 9.6 mL/m?
MMAVD vs. 19.1 +5.1 mL/m? sAS (P=0.30) vs. 18.8 + 8.8 mL/m?
sAR (P=0.37). MMAVD patients had significantly lower LA EF com-
pared with controls and those with isolated mAS or AR (P < 0.001),
but similar values compared with those with isolated severe AS or
AR [48.6 + 11.8% MMAVD vs. 48.9 + 8.3% sAS (P=0.89) vs. 52.1 +
9.4% sAR (P=0.15)].

LA reservoir and contractile strains (LA Sr and LA Sct, respectively)
were significantly lower in the MMAVD group compared with controls
and those with moderate isolated AS or AR (LA Sr and LA Sct values
299+ 64 and —10.1+3.7% MMAVD vs. 37.6 55 and —132 +
2.2% controls vs. 34.7 + 5.6 and —13.0 = 2.2% mAS vs. 39.9 + 4.4 and
—13.9 + 2.3% mAR; all P < 0.001) but similar to those with isolated se-
vere AS or AR (29.9 £ 6.4 and —10.1 +3.7% MMAVD vs. 28.1 +4.9
and =103 +2.6% sAS; P=0.11 and P=0.80 vs. 309+ 7.2 and
—104 £3.6% sAR; P=0.51 and P=0.72, Figure 2A). LA Scd in
MMAVD patients was significantly reduced compared with controls
and those with isolated mAR and mAS (LA Scd —19.5.1 +£5.1%
MMAVD vs. —24.4 + 4.8% controls vs. —26.5 + 5.1% mAR, both P <
0.001 vs. —21.8 +4.2% mAS, P = 0.007) but was not significantly differ-
ent compared with isolated severe AS or AR (19.5.1 + 5.1% MMAVD
vs. —17.9+47% sAS, P=0.10 vs. —20.5+5.8% sAR, P=043)
(Figure 3). There was no significant difference in LA corrected time
to peak strain values between all the groups. E/A ratio in MMAVD pa-
tients was not significantly different from those with moderate or

Baseline clinical characteristics of the study population

Aortic stenosis

Mixed aortic valve disease

Aortic regurgitation

Control Moderate (mAS) Severe (sAS) Moderate (nAR) Severe (sAR) Moderate (mAS + mAR)
n=66 n=281 n=50 n=48 n=35 n=46

Age, years 59+ 12 65+ 16 71+16° 53 +23°¢ 46 + 172P¢ 54 +21°¢
Female, n (%) 27 (41) 34 (42) 21 (42) 20 (42) 14 (40) 19 (40)
BSA, m? 1.83+£0.19 1.97 +0.26 1.90+0.22 1.84+0.38 192+023 1.91+0.27
SBP, mmHg 119.9 +139 1374+ 210° 137.1+£204° 1354+ 19.6° 1382 +19.4° 131.3+£187
DBP, mmHg 732+73 749 +9.1 735+85 733+93 69.9+93 68.9+11.7°
HR, bpm 62.1+94 69.1+12.1° 678+122 64.5+ 104 672+114 66 +£10.2
AV aetiology

Unicuspid, no. (%) N/A 2(3) N/A N/A N/A N/A

Bicuspid, no. (%) N/A 14 (17) 8 (16) 15 (31) 16 (46) 21 (46)

Tricuspid, no. (%) 66 (100) 39 (48) 19 (38) 33 (69) 19 (54) 22 (48)

Unknown, no. (%) N/A 26 (32) 23 (46) N/A N/A 3 (6)
Medical history

Hypertension, no. (%) N/A 45 (56) 31 (62) 20 (42) 20 (57) 14 (30)

Diabetes, no. (%) N/A 16 (20) 11(22) 3(6) 1(3) 3(7)

Hyperlipidaemia, no. (%) N/A 41 (51) 29 (58) 8 (17) 5(14) 14 (30)

Smoking, no. (%) N/A 24 (30) 3(6) 3(6) 2(6) 6 (13)

CAD, no. (%) N/A 19 (23) 27 (56) 3 (6) 8 (23) 10 (22)

Data are presented as mean =+ standard deviation or n (%).

AS, aortic stenosis; AR, aortic regurgitation; AV, aortic valve; BSA, body surface area; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; CAD, coronary artery

disease; N/A, not applicable.

?P < 0.01 compared with control.
PP <0.01 compared with MAS.
P < 0.01 compared with SAS.

9P < 0.01 compared with MAR.
°P < 0.01 compared with SAR.
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Table 2 Echocardiographic parameters of the study population

Aortic stenosis Aortic regurgitation Mixed aortic valve disease

Control Moderate (mAS) Severe (sAS) Moderate (INAR) Severe (sAR) Moderate (mAS + mAR)

n=66 n=281 n=>50 n=48 n=35 n=46
Aortic valve
Vinaxe M/s 13+02 33+04° 44406 1.7 £0.5*°¢ 2.0 +0.4*°¢ 3.6 +0.4*<%
MG, mmHg 34+10 26.6 +6.0° 47.8 +13.5% 6.5+ 3.8 8.6 + 4.3 29.6 + 6.3%%¢
PG, mmHg 67+19 453+9.8° 785 +21.0°° 129 + 6.8°¢ 17.3 £7.5%0¢ 50.7 +10.5%%¢
AVA, cm? 291+ 0.69 114 +0.23° 0.77 £ 0.16*° 2.75 +0.90°¢ 3.34 + 1,030 1.28 + 0.27*<de
AVA index, cm?/m? 1.58 +0.31 059 +0.12° 041 +0.09*° 148 + 0.45>¢ 1.75 + 0.53%<4 0.67 + 0144
DI (dimensionless index) ~ 0.82 + 0.1 0.32+0.05° 0.22 + 0.05*° 0.62+0.13*"¢ 064 +0.12*0¢ 0.31+0.07%<%
TFR, mL/s 247.7 + 544 263.6 +56.6 2338 +47.2 299.00 + 98.2¢ 417.5 + 86.29%P<¢ 3089 + 74.120<¢
VC, mm N/A N/A N/A 0.35+0.10 0.56 +0.16¢ 0.42 +0.09%
Jet width/LVOT N/A N/A N/A 0.28 +0.08 0.35+0.10 041 +0.12¢
PHT, ms N/A N/A N/A 3974+ 624 283.6 + 67.3° 391.6 +88.1°
Left ventricle
LVEDV index, mL/m? 662 +134 756 +153 657 +11.7 96.8 +20.5*°¢ 1461 + 37.9*P< 103.3 + 25.2%P<
LVESV index, mL/m? 277 + 64 328+72 283+59 412 +9.5¢ 65.1 + 18.5%P<4 452 +12.6*¢
RWT 0.28 +0.04 0.39 + 0.06 037 +0.07° 0.29 + 0.06°¢ 0.27 +0.05°¢ 0.38 + 0.09*%¢
LV mass index, g/m> 624 +13.8 852 +20.2° 819+ 16.3° 889 + 18.6° 123.1 & 23.5%P<d 105.7 + 30.7*°<
SV index, mL/m? 429+85 428+93 415+94 49.8 + 11.4°¢ 70.3 + 15.5%><d 55.4 +11.8%0<¢
LV EF (BP), % 58.6+23 56.6 +2.0° 573426 57+28 55.5+2.8° 562+3.3"
LV GLS, % -214+15 -17.7 £1.5* -170+ 1.5 —193+£13%C 1944260 171 £ 1,139
LV CTTP, % 365+45 369 +45 389+62 35.5+ 5.4 383+56 383+56
Left atrium
LAESV index, mL/m? 289 + 6.1 357 +9.0° 372474 356 +10.5 382+ 11.8* 39.0+10.6*
LAEDV index, mL/m? 114+29 153 +4.8° 19.1 £5.1° 152+ 5.7%¢ 188 +8.8*° 20.7 + 9.6¥4
LA EF, % 60.6 + 5.1 572+62° 489 +83°° 582+ 6.3° 521 +9.420¢ 48.6 +11.8*¢
LA Sr, % 376 +55 347 +56 28.1 +4.9%° 39.9 + 4.4°¢ 30.9 +7.2%0¢ 29.9 + 64704
LA Scd, % —244+48 -218+42 -179 £4.7*° —26.5+5.1°¢ —20.5 + 5.8 —19.5 £ 5.120¢
LA Sct, % -132+34 -129+22 -103+£26* —13.9+23¢ —-104 + 3.6 —10.1 £ 3704
LA CTTP, % 424459 432448 452+ 65° 417456 455+58 432472
Diastolic function
E/A 114037 0.99+04 0.95+0.5 136 +0.84 148 £ 0.94°¢ 133 +063
Lateral €, cm/s 9.12+237 8.06 +2.49 6.7 +1.98 9.24 +2.62° 8.91 +2.48° 852 +3.27°
Septal ', cm/s 727 +1.78 641+ 1.83 548 + 1.75° 7.07 + 1.85° 716 +1.92° 6.17 +1.65
Average E/e’ 88 +2.59 12,90 + 4.94° 14.29 + 5.22° 9.74 + 3.40° 10.57 +3.90 13.07 + 5.44°
Atrioventricular coupling
LAESV: LVESV 1.08 +0.28 112 +0.30 136 £0.32* 0.91+032**¢ 0,62 +0.20*<¢ 0.90 +0.31°<¢
AV-S, % 589+58 52.5+6.3° 451 +5.6° 59.1 + 4.7°¢ 504 +9.0*¢ 472 + 6.8%P9
LA stiffness 24.0+82 37.6 £17.0 529 + 225 247 £9.7° 35.0+158 46.3 + 24.7°4
LALV CTTP 1.16 +0.07 117 £0.09 117 +£0.09 1.18 +0.08 120 +0.11 1.14 +£0.12
Right ventricle
TAPSE, cm 2.23+0.31 2.22+0.39 2.15+0.32 2.25+0.35 2.28 +0.47 221+ 041
S, cmis 12494212 12.03+245 11.9 +2.07 124222 12,63 +3.06 11.96 +2.19

LVEDYV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; RWT, relative wall thickness; SV, stroke volume; EF, ejection fraction; LAESV, left atrial
end-systolic volume; LAEDV, left atrial end-diastolic volume; Viyax, maximum transvalvular velocity; MG, mean gradient; PG, peak gradient; DI, dimensionless index; TFR, transvalvular
flow rate; VC, vena contracta; PHT, pressure half-time; LVOT, left ventricular outflow tract; GLS, global longitudinal strain; CTTP, corrected time to peak; LA Sr, left atrial reservoir
strain; LA Sct, left atrial contractile strain; LA Scd, left atrial conduit strain; AV-S, atrioventricular strain; TAPSE, tricuspid annular plane systolic excursion; N/A, not applicable.

?P < 0.01 compared with control.

®P < 0.01 compared with MAS.

P < 0.01 compared with SAS.

9P < 0.01 compared with MAR.

P < 0.01 compared with SAR.
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Figure 2 (A) LA global longitudinal reservoir strain. (B) LV global longitudinal peak systolic strain. (C) Global longitudinal atrioventricular strain value
among the groups.
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Figure 3 Bland—Altman plots of interobserver and intraobserver variability for LV GLS (A and B) and LA reservoir strain (C and D), respectively.

severe AS or AR. However, patients with isolated sAR had higher E/A LV geometry and function

ratios compared with patients with isolated moderate or severe AS. Echocardiographic parameters detailing LV size and function in each
Patients with MMAVD and moderate or severe isolated AR had higher group are presented in Table 2. Patients with MMAVD had significantly
lateral and septal e’ compared with patients with isolated sAS, who in larger indexed left ventricular end-diastolic volume (LVEDV) and left

turn had lower lateral and septal e’ compared with controls. ventricular end-systolic volume (LVESV) compared with patients with
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isolated moderate or severe AS and controls (P < 0.001), but signifi-
cantly smaller volumes compared with isolated severe AR (LVEDV
1033 £252 mlU/m”> MMAVD vs. 146.1+37.9 mLm? P<0.001).
They had similar indexed LVEDV and LVESV to those with isolated
mAR (P =0.18 and P =0.90, respectively).

BSA-indexed LV mass was significantly higher in MMAVD patients
compared with all the other groups (P < 0.001) but smaller compared
with the isolated sAR group (105.7 + 30.7 g/m2 MMAVD vs. 123.1 +
23.5 g/m? sAR, P=0.009).

Those with MMAVD had significantly lower LV peak GLS compared
with controls and those with isolated moderate or severe AR (=17.1 +
1.1% MMAVD vs. —21.4 +1.5% controls vs. —=19.3 +1.3% mAR vs.
—19.4 +2.6% sAR, all P <0.01). There was no difference in LV peak
GLS compared with those with isolated moderate or severe AS
(=171+1.1% MMAVD vs. =17.7 £ 1.5% mAS, P=0.02 vs. —=17.0 +
1.5% severe AS, P=0.74) (Figure 2B). There was no significant differ-
ence in LV corrected time to peak GLS values between all the groups.

Atrioventricular coupling

The LALV end-systolic volumetric ratio was significantly lower in
MMAVD compared with controls and those with isolated moderate
or severe AS (0.90+0.31 MMAVD vs. 1.08 +0.28 controls, P=
0.001 vs. 1.12 £ 0.30 mAS vs. 1.36 + 0.32 sAS, both P < 0.001) but lar-
ger than those with isolated sAR (0.90 +0.31 MMAVD, 0.62 +0.20
sAR, all P < 0.01). There was no significant difference in LA:LV volume
ratio between MMAVD and isolated mAR (P =0.93).

Combined LA and LV peak strain values (AV-S) were significantly
lower in those with MMAVD compared with controls and those with
isolated moderate AS or AR (47.1 +6.8% MMAVD vs. 58.9 + 5.8%
controls vs. 52.5 + 6.3% mAS vs. 59.1 + 4.7% mAR, all P < 0.001), but
comparable to those with isolated severe AS or AR (47.1 + 6.8%
MMAVD vs. 451 +5.6% severe AS, P=0.13 vs. 504 + 9% severe
AR, P=0.07) (Figure 2C). There was no difference in the ratio between
LA and LV corrected time to peak longitudinal strain.

Reproducibility

There was good interobserver ICC for both LV GLS (0.87, 95% ClI
0.65-0.95, P <0.001) and LA reservoir strain (0.82, 95% Cl 0.54—
0.93, P <0.001) and intraobserver for LV GLS (0.97, 95% Cl 0.83-
0.99, P <0.001) and LA reservoir strain (0.97, 95% Cl 0.03-0.99, P <
0.001). Bland—Altman plots (Figure 3) demonstrated small biases and
limits of agreement (LOA) for both interobserver LV GLS (bias
—0.8%, LOA —3.9 to 2.2%) and LA reservoir strain (bias 0.1%, LOA
—9.7 to 9.9%) and intraobserver LV GLS (bias 0.5%, LOA —0.7 to
1.8%) and LA reservoir strain (bias 0.5%, 95% Cl —3.4 to 4.3%).

Discussion

To our knowledge, this is the first paper to examine the impact of
MMAVD on LA and LV function and in turn atrioventricular coupling.
We have found that in patients with MMAVD, (i) LA function is im-
paired, and this impairment is similar to that found in isolated sAS or
isolated AR; (ii) LV GLS is impaired to a similar degree as in isolated
sAS; (iii) the combined end-systolic atrioventricular volume is similar
to that in isolated mAR; and (iv) the combined atrioventricular strain
is similar to that observed in isolated sAS and isolated AR patients.
The similarities in impaired LA function and AV coupling in patients
with MMAVD and isolated severe AS or AR, together with demon-
strated associations between impaired AV coupling and adverse events
in various cardiovascular conditions,'”?* suggest that AV coupling could
be used to identify those with MMAVD who may benefit from earlier
intervention. Current valve disease guidelines provide guidance on op-
timal timing of valve intervention based on the presence of symptoms,

which are subjective, and/or the haemodynamic consequences of the
valve lesion, which are typically late manifestations and may not be re-
versible.”**” Guidance for mixed valvular disease is particularly lacking.
It is unclear if a mixed moderate lesion should be treated equivalent to
an isolated severe lesion in terms of follow-up and when referring for
intervention. Our research demonstrates the haemodynamic and
mechanical impact of mixed aortic valve disease parallels that of isolated
severe lesions, suggesting that MMAVD should be considered as signifi-
cant as isolated severe disease.

LA remodelling and function in MAVD

In patients with MMAVD, like those with isolated severe AS or AR, we
found that the LA increases in size, while function decreases. Changes
to LA volumes and function have been previously demonstrated in iso-
lated severe AS and AR and have been associated with higher mortal-
ity.”#73? Less is known for those with MMAVD. Changes in LA size in
those with MMAVD likely reflect impaired LA mechanics and the im-
pact of MAVD on LA remodelling and function.

LV function in MAVD

Patients with MMAVD have a reduction in GLS that is as substantial as
that found in severe isolated AS and significantly worse when compared
with those with mAR or sAR. The degree of myocardial dysfunction
found in MMAVD suggests that the combined impact of the mixed valve
lesion can lead to more significant changes than would be observed
with isolated moderate disease.

The observed reduction in LV longitudinal strain in those with
MMAVD was not as severe as that found in the study by Saijo et al.>
They reported an average GLS value of —153 +2.9% for their
MMAVD cohort, considerably worse compared with that obtained in
our study (GLS —17.1 £ 1.1%). This may be due to differences in age,
sex, co-morbidities, and LV remodelling between the two stud-
ies."***37 Saijo et al.** proposed that the differences in GLS reductions
in MMAVD compared with those with moderate or severe AR may re-
flect the combination of greater afterload with resultant higher relative
wall thickness in MMAVD vs. volume overloaded states and larger LV
volumes in those with AR. However, in our cohort, those with
MMAVD had similar indexed LVEDV to those with mAR, favouring
the former as a more likely explanation.

Previous research in patients with isolated sAS has demonstrated
that reductions in LV GLS are associated with poorer outcomes.*®
This reduction in GLS may reflect a process of more irreversible myo-
cardial damage including replacement fibrosis,2®>? which may help iden-
tify those with MMAVD who may benefit from surgical or transcatheter
intervention at an earlier stage. The high afterload associated with sAS
can also lead to reductions in GLS values.*® Those with MMAVD are
likely to have less afterload than those with sAS yet have similarly im-
paired strain values, which may suggest a greater burden of fibrosis
or scar contributing to impaired GLS.

Atrioventricular coupling in MMAVD

In a normal heart, the LA and LV volumetric relationships are coupled.
Studies have shown that coupling can be deranged in patients with car-
diovascular disease'”?* and in states of pressure and volume overload
such as in severe AS and AR.%*% When we examined the impact of
coupling on atrioventricular remodelling, we found that the increase
in combined end-systolic atrioventricular volume in patients with
MMAVD is similar to that in isolated mAR group. Maximal LA volumes
[left atrial end-systolic volume (LAESV)] were not significantly different
between groups whereas LVESV was significantly higher in MMAVD
compared with moderate or severe AS. This translates as a lower
LA:LV volume ratio in MMAVD compared with moderate or severe
AS. This ratio was lowest in those with sAR, confirming that this
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reduced LALV ratio in MMAVD is driven primarily by a volume over-
loaded LV in AR rather than the effects of pressure overload from AS
on LA size.

AV coupling is a surrogate marker of the haemodynamic relationship
between the LV and LA and may be a more sensitive marker of adverse
remodelling. Compared with the control group and those with moder-
ate isolated lesions, AV coupling was significantly abnormal in those
with MMAVD and comparable to those with severe isolated lesions.
In patients with heart failure, abnormal AV coupling (assessed by the
ratio of LA volumel/tissue Doppler-derived a’) was found to be inde-
pendently associated with greater mortality.*’ Others have also de-
monstrated the incremental value, on top of existing LA parameters
and traditional risk factors, of volumetric-derived AV coupling in pre-
dicting adverse events or incident disease.'”*>*? It is reasonable to pre-
dict that this independent prognostic relationship holds true in those
with valvular disease, but further study is needed.

Limitations

Limitations of this study include its retrospective nature. LA and LV are
functionally coupled; for this reason, we assessed LA and LV deform-
ation in the same image and same cardiac cycle to eliminate the
beat-to-beat variability. However, this prevented us from obtaining glo-
bal strain analysis by including assessment of the LV and LA walls in the
apical two- and three-chamber views as suggested by guidelines.”***
Other research groups have defined LA-LV coupling as a volumetric
ratio at end-diastole or as a ratio of LA volume to tissue Doppler-
derived a’ rather than a sum of strain-derived values as in our
paper.'”?>*! There is currently no universally accepted method to as-
sess AV coupling. We have chosen our methods to include both volu-
metric and mechanical (strain) measures of AV coupling. We also do
not have catheterization or cardiac MRI correlations.

Conclusion

Impairments in LA function and AV coupling are comparable for pa-
tients with MMAVD and those with severe isolated AS or AR
Impairments in LV GLS in those with MMAVD mirror those found in
severe AS. Taken together, these findings suggest that haemodynamic
consequences and reverse remodelling are similar for patients with
MMAVD and isolated severe disease. Further research is required to
validate our findings, determine their prognostic implications, and ideal-
ly provide a threshold justifying surgical or transcatheter intervention.
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