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Myocardial Contraction Fraction for Risk
Stratification in Low-Gradient Aortic Stenosis
With Preserved Ejection Fraction
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BACKGROUND: Myocardial contraction fraction (MCF) is a volumetric measure of myocardial shortening independent of left
ventricular size and geometry. This multicenter study investigates the usefulness of MCF for risk stratification in low-gradient
severe aortic stenosis with preserved ejection fraction.

METHODS: We included 643 consecutive patients with low-gradient severe aortic stenosis with preserved ejection fraction in
whom MCF was computed at baseline and analyzed mortality during follow-up.

RESULTS: Throughout follow-up with medical and surgical management (34.9 [16.1-65.3] months), lower MCF tertiles had
higher mortality than the highest tertile. Eighty-month survival was 5624% for MCF>41%, 41+4% for MCF 30% to 41%,
and 40£4% for MCF<300% (F<0.001). After comprehensive adjustment, mortality risk remained high for MCF 30% to 41%
(adjusted hazard ratio, 1.53 [1.08-2.18]) and for MCF<30% (adjusted hazard ratio, 1.82 [1.24-2.66]) versus MCF>419%.
The optimal MCF cutoff point for mortality prediction was 41%. Age, body mass index, Charlson index, peak aortic velocity,
and ejection fraction were independently associated with mortality. MCF (32 to improve 10.39; P=0.001), provided greater
additional prognostic value over the baseline parameters than stroke volume (SV) index (y° to improve 5.41; P=0.042),
left ventricular mass index (x? to improve 2.15; P=0.137), or global longitudinal strain (3? to improve 3.67; P=0.061). MCF
outperformed ejection fraction for mortality prediction. When patients were classified by SV index and MCF, mortality risk
was low when SV index was >30 mL/m? and MCF>419%, higher for patients with SV index =30 mL/m? and MCF<41%
(adjusted hazard ratio, 1.47 [1.05-2.07]) and extremely high for patients with SV index <30 mL/m? (adjusted hazard ratio,
2.29 [1.45-3.62)).

CONCLUSIONS: MCF is a valuable marker of risk in low-gradient severe aortic stenosis with preserved ejection fraction and
could improve decision-making, especially in normal-flow low-gradient severe aortic stenosis with preserved ejection fraction.
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See Editorial by Gillam and Mediratta

left ventricular ejection fraction (LGSAS-PEF) is
a heterogeneous clinical entity. In severe AS (aor-
tic valve area [AVA] <1 cm2) with preserved (=50%)
left ventricular (LV) ejection fraction (EF), low (<40
mmHg) mean gradients are often interpreted as the

I ow-gradient severe aortic stenosis with preserved

consequence of a paradoxical low-flow (LF) state but
may also be observed in cases with normal (=35 mL/m?)
stroke volume (SV) index. Guidelines recommend aortic
valve replacement (AVR) for symptomatic LF/LGSAS-
PEF after careful clinical and imaging work-up."? How-
ever, the management of patients with normal flow (NF)/
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CLINICAL PERSPECTIVE

Myocardial contraction fraction (MCF), the ratio
of stroke volume (SV) to myocardial volume, is a
volumetric measure of myocardial shortening and
thickening independent of left ventricular size and
geometry. This multicenter study investigates the
usefulness of MCF for risk stratification in a large
cohort of patients with low-gradient severe aortic ste-
nosis and preserved left ventricular ejection fraction.
MCEF is a strong independent predictor of mortality,
and patients with MCF<41% have >560% increase in
mortality risk during follow-up. MCF has significant
additional prognostic value for mortality when added
to a baseline multivariable model and outperforms
ejection fraction and transvalvular aortic flow rate.
Our findings lead to a novel appraisal of risk in low-
gradient severe aortic stenosis with preserved ejec-
tion fraction based on the previously reported 30 mL/
m? SV index cutoff and on the 41% MCF cut point.
In patients with aortic stenosis with valve area <1
cm?, low-gradient, and normal ejection fraction, the
detection of an SV index below 30 mL/m? is a marker
of high mortality risk, and in the presence of symp-
toms should lead to aortic valve replacement. For
such patients, MCF has little additive value because
in the majority of cases it is <41%. Conversely, in
patients with low-gradient severe aortic stenosis
with preserved ejection fraction and SV index >30
mL/m?, the calculation of MCF is of importance as
it refines risk prediction. Patients with normal flow
and MCF<41% have increased risk of mortality dur-
ing follow-up while with MCF>419% the risk of death
is relatively low. These patients with normal flow and
MCF<41% might presumably benefit from surgical
or transcatheter aortic valve replacement.

Nonstandard Abbreviations and Acronyms

AS aortic stenosis

AVA aortic valve area

AVR aortic valve replacement
EF ejection fraction

FR flow rate

GLS global longitudinal strain
HR hazard ratio

LF low flow

LGSAS-PEF low-gradient severe aortic stenosis
with preserved ejection fraction

Lv left ventricle

MCF myocardial contraction fraction
MESA Multi-Ethnic Study of Atherosclerosis
NF normal flow

SV stroke volume
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LGSAS-PEF remains elusive and highly debated.>” We
recently reported that when the 35 mL/m? cutoff is used
to define LF, almost 40% of normal individuals are in an
LF state.? Hence, SV index <30 mL/m? seems a more
appropriate cut point in terms of outcome prediction and
should be used to define LF in clinical practice.®® While
this lowered cut point represents a clarification for para-
doxical LF/LGSAS-PEF, it increases the prevalence of
NF/LGSAS-PEF. Therefore, there is an ongoing search
for markers of risk during follow-up that would be more
sensitive and incremental to SV index, especially for
patients with NF/LGSAS-PEFR™

Myocardial contraction fraction (MCF) is the ratio of
SV to myocardial volume and represents a volumetric
measure of the shortening and thickening of the myocar-
dium, which is not influenced by LV size and geometry."
MCF measured by echocardiography or by magnetic
resonance imaging is predictive of cardiovascular events
and mortality in healthy adults''® but also in heart fail-
ure and in cardiomyopathies."*"'® MCF was linked to
greater mortality risk following transcatheter AVR in a
small series of patients with severe AS with PEF'” To
our knowledge, the prognostic usefulness of MCF in
LGSAS-PEF has not been investigated.

This study merges the consecutive experience with
LGSAS-PEF of 3 expert centers for the diagnosis and
management of valvular heart diseases and aims to
investigate whether MCF assessed by echocardiogra-
phy-Doppler (1) predicts mortality during follow-up in
LGSAS-PEF and (2) allows stratification of mortality risk
in each of the flow-patterns (LF and NF).

METHODS

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Patient Population

The study consists of consecutive patients aged >18 years
diagnosed with severe (AVA <1 cm?) AS and low (<40 mm Hg)
mean pressure gradient at the echocardiography laborato-
ries of 2 French (Amiens and Lille) and one Belgian center
(Bruxelles) between 2000 and 2017 and included in an elec-
tronic database at the time of the index echocardiography.'®
Patients with > mild aortic and mitral regurgitation, prosthetic
valves, congenital heart disease, supravalvular or subvalvu-
lar AS, dynamic LV outflow tract obstruction, mitral steno-
sis, EF<60%, and patients who refused to participate in the
study were excluded. Six hundred ninety-eight patients with
LGSAS-PEF were initially enrolled. The study sample com-
prised 643 patients after exclusion of 55 patients because
of missing data. Baseline characteristics were collected at
inclusion. We obtained institutional review board authoriza-
tions before conducting the study and subjects gave informed
consent for research participation. The study was conducted
in accordance with institutional policies, national legislation,
and the revised Helsinki declaration.

August 2021 790



2202 ‘0T aunt uo Ag Bio'sjeunofeye//:dny wo.j papeoumod

Rusinaru et al

Echocardiography

All patients underwent a comprehensive Doppler-echo-
cardiography study, using commercially available systems
(Sonos 5500, IE33, EPIQ5, EPIQ7; Philips Healthcare,
Andover, MA and Vivid-7, Vivid-9; GE Healthcare, Milwaukee,
WI).E SV was calculated by multiplying the LV outflow tract
area by the LV outflow tract time-velocity integral'® and was
indexed to body surface area. LF was defined by SV index
<30 mL/m? as previously stated® Otherwise, patients were
considered to have NF/LGSAS-PEF. MCF was computed
as the ratio of SV to myocardial volume."" Myocardial volume
was defined as LV mass divided by the mean density of the
myocardium (1.05 g/mL). LV mass was calculated according
to a validated linear method.*® The measure of LV diameters
and wall thickness was performed as recommended by the
American Society of Echocardiography?® In patients with
septal bulges, the LV diastolic dimension was measured by
M-mode echocardiography (or 2-dimensional echocardiog-
raphy in case of suboptimal alignment) in the parasternal
long-axis view below the septal bulge?' EF was measured
by the Simpson biplane method. LV global longitudinal strain
(GLS) was measured using the Echopac software (GE Vivid
9, General Electric Ultrasound). Transvalvular aortic flow rate
(FR) was computed directly as the ratio of SV to ejection time
or estimated from the product of the AVA and the mean linear
transvalvular flow velocity (Data Supplement).

Management and Follow-Up

Patients were followed at the outpatient clinics of the enrolling
centers or at public hospitals and private practices by refer-
ring cardiologists working in collaboration with the centers.
Information on follow-up was retrospectively obtained by direct
patient interview or follow-up letters to physicians, patients
and (if necessary) next of kin. The end point of the study was
survival after diagnosis encompassing medical and surgical
management. Median overall follow-up was 34.9 (16.1-65.3)
months. Follow-up was complete until death or the end of the
study for 95% of patients. Clinical decisions regarding medical
management and indications for AVR were made by the heart
team with the approval of the patient's referring cardiologist in
accordance with guideline recommendations.

Statistical Analysis

Continuous variables were expressed as mean valuex1 SD or
median (25th and 75th percentiles), as appropriate. Categorical
variables were displayed as frequency percentages and counts.
The relationship between baseline continuous variables and
MCF tertiles was explored using 1-way ANOVA tests or
Kruskal-Wallis tests. Pearson y? statistic or Fisher exact test
were used to examine the association between the MCF tertiles
and baseline categorical variables. The significance between
the highest tertile and the others was examined if there was
a significant difference across tertiles. Individual differences
were compared with Mann-Whitney U tests (with Bonferroni
correction for multiple comparisons) and Tukey tests for nor-
mally distributed data.

The analysis of mortality encompassed the entire follow-up
irrespective if AVR was performed or not. The survival time of
patients lost to follow-up was censored at the date of the last
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contact. Estimated survival rates + 1 SE were determined using
the Kaplan-Meier estimator and compared by 2-sided log-rank
tests. Analyses of all-cause mortality were performed using
Cox proportional hazards models. Multivariable Cox models
were adjusted for covariates selected a priori, considered of
potential prognostic impact on the basis of previous studies
and clinical judgment (age, sex, body mass index, symptoms,
hypertension, coronary artery disease, history of atrial fibrilla-
tion, Charlson comorbidity index, peak aortic jet velocity [Vmax],
AVA, and EF). Additionally, we tested the field center effect by
adding dummy variables to the multivariable model. The effect
of AVR on outcome was analyzed as a time-dependent covari-
ate. The proportionality assumption was tested using the test
by Grambsch and Therneau.??

A stepwise backward model including the above covariates
was used to construct a baseline model predicting mortality
during follow-up. To assess the potential additive prognostic
value of MCF and other parameters, we evaluated the ability of
each of these parameters to improve the prediction of death by
comparing the additional increase of the y? value of the com-
bined model over the baseline model. Additionally, we deter-
mined the optimal cutoff values of MCF and other parameters
for survival by the Contal and O'Quigley method, which is based
on the concept of maximizing the log-rank statistic?® and com-
puted incremental %2 values over the baseline model. Models
were compared using likelihood tests. Data were analyzed with
SPSS (v 18.0; IBM Corp, Armonk, NY) and SAS (version 9.4,
SAS Institute Inc, Cary, NC).

RESULTS
Baseline Characteristics

Baseline characteristics of the study patients (median
age 81 years, 63% women) are presented in Table 1.
With lower MCF, the frequency of male sex increased,
patients were more often symptomatic, had greater body
surface area, higher comorbidity index, and more often
atrial fibrillation. Patients with lower MCF had smaller
AVA, greater LV diameters, LV mass index, and left atrial
volume index. SV index and EF were lower in patients
with lower MCF while systolic pulmonary artery pressure
increased with lower MCF.

MCF and Mortality

During follow-up 311 patients died. AVR was performed
in 256 patients (74 [34.6%)] in the low MCF tertile, 87
[40.5%] in the intermediate MCF tertile, and 95 [44.4%)]
in the high MCF tertile; P=0.115) by surgical (75.4%)
or percutaneous techniques (24.6%). Management was
solely conservative in 387 patients. Forty-seven percent
(n=75) of patients in New York Heart Association class
[Il and IV underwent surgical or transcatheter AVR dur-
ing follow-up (Data Supplement). Eighty-month actuarial
survival was b6+4% for MCF>41%, 41+4% for MCF
30% to 41%, and 40+4% for MCF<30% (/<0.001
for MCF>41% versus MCF 30%-41%, £<0.001 for
MCF>41% versus MCF<30%, P=0.562 for MCF 30%
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Table 1. Baseline Characteristics, Overall and According to Tertiles of MCF
Variable All patients (n=643) MCF<30% (n=214) MCF 30%-41% (n=215) | MCF>41% (n=214) P value
Age, y 81.0 (75.0 to 86.4) 81.8 (74.9 to 87.0) 81.6 (75.0 to 86.0) 80.2 (75.6 to 86.2) 0.443
Male sex, % (n) 37.0% (238) 43.9% (94) 34.0% (73) 38.2% (71) 0.037
Body surface area, m? 1.78+£0.22 1.80%0.22* 1.78+£0.23 1.75+0.20 0.016
Body mass index, kg/m? 25.9 (22.9 to 29.5) 26.9 (23.5 to 29.9) 25.9 (22.9 to 29.5) 25.4 (22.6 to 29.3) 0.127
Systolic blood pressure, mmHg 140.0 (120.0 to 150.0) 140.0 (120.0 to 160.0) 140.0 (124.5 to 150.0) 140.0 (125.0 to 150.0) 0.673
Symptoms, % (n) 74.2% (477) 80.4% (172) 72.6% (156) 69.6% (149) 0.032
NYHA class, % (n) 0.164
1=l 75.1% (483) 72.0% (154) 75.8% (163) 77.6% (166)
=V 27.9% (160) 28.0% (60) 24.2% (52) 22.4% (48)

Hypertension, % (n) 75.6% (486) 74.3% (159) 79.5% (171) 72.9% (156) 0.238
Diabetes, % (n) 32.3% (208) 34.6% (74) 31.2% (67) 31.3% (67) 0.693
Coronary artery disease, % (n) 42.5% (273) 46.3% (99) 42.8% (92) 38.3% (82) 0.247
History of atrial fibrillation, % (n) 38.1% (245) 47.2% (101) 36.3% (78) 30.8% (66) 0.002
Chronic kidney disease, % (n) 26.0% (167) 35.5% (76)t 26.0% (56)t 16.4% (35) <0.001
Charlson comorbidity index 2.0 (1.0 to 4.0) 3.0 (1.0 to 4.0)* 2.0 (1.0to0 4.0) 2.0 (1.0 to 3.5) 0.034
Aortic valve area, cm? 0.84 (0.72 to 0.94) 0.79 (0.67 to 0.89)t 0.86 (0.72 to 0.94)* 0.88 (0.80 to 0.97) <0.001
Aortic valve area index, cm?/m? 0.4610.09 0.4310.09t 0.47+0.081 0.4910.08 <0.001
Peak aortic jet velocity, m/s 3.5 (3.210 3.8) 3.4 (3.0to0 3.8)* 3.6 (3.21t03.8) 3.6 (3.310 3.8) 0.010
Transaortic mean gradient, mmHg | 30.0 (24.0 to 35.0) 29.0 (23.0 to 35.0) 30.0 (24.0 to 35.0) 29.0 (24.0 to 35.0) 0.511
LVOT diameter, mm 21.0 (20.0 to 22.0) 20.0 (19.0 to 21.5)t 21.0 (20.5 to 22.0)t 22.0 (20.5 to 23.0) <0.001
LVOT time-velocity integral, cm 19.0 (17.0 to 22.0) 18.0 (16.0 to 20.0)t 19.0 (17 to 21)t 20.0 (19.0 to 22.0) <0.001
LV end-diastolic diameter, mm 46.4%£71 49177t 45.916.3 44.316.2 <0.001
LV end-systolic diameter, mm 29.0 (25.0 to 33.0) 32.0 (27.0 to 36.0)t 29.0 (26.0 to 32.3)* 27.0 (22.0 to 30.5) <0.001
LV end-diastolic volume, mL 101.0 (80.0 to 130.0) 106.0 (82.2 to 145.8) 102.0 (79.0 to 124.0) 98.0 (80.5 to 123.5) 0.107
LV end-systolic volume, mL 37.0 (27.0 to 52.0) 43.0 (80.0 to 62.0)t 38.0 (28.0 to 51.0) 34.0 (25.0 to 44.0) <0.001
Ejection fraction (%) 63.6 (57.0 to 68.0) 60.0 (55.0 to 65.0)1 63.0 (57.0 to 68.0)t 65.0 (60.9 to 70.2) <0.001
Stroke volume, mL 65.9+17.1 57.2+14.5% 67.1+£16.41 73.3+£16.3 <0.001
Stroke volume index, mL/m? 37.2+9.3 31.7+75% 37.7+8.3t 42.1+8.9 <0.001
LV mass index, g/m? 107.7 (86.1 to 133.8) 136.8 (112.7 to 159.5)+ | 110.5 (92.3 to 126.8)t 82.0 (69.1 to 97.4) <0.001
Transvalvular aortic flow rate, mL/s 239176 2121721 2461741 261175 <0.001
Left atrial volume index, mL/m2 45.0 (34.7 to 59.5) 475 (36.9 to 64.2)* 44.4 (35.0 to 60.9) 41.0 (28.0 to 51.3) 0.001
Systolic pulmonary artery pressure, | 34.0 (28.0 to 43.0) 35.0 (29.0 to 49.0)* 35.0 (28.0 to 44.8) 32.0 (25.5 to 39.5) 0.007
mmHg§

LV global longitudinal strain (%)|| —18.2 (-16.2t0 —10.2) | —10.9 (—13.8t0 —75)t | —18.4 (—15.9t0 —10.2)t | —15.2 (—18.4 to —12.9) | <0.001

LV indicates left ventricular; LVOT, left ventricular outflow tract; MCF, myocardial contraction fraction; and NYHA, New York Heart Association.
*P<0.050 individual category vs MCF>419%.
+P<0.001 individual category vs MCF>41%.

$123 missing data.
§215 missing data.
[[424 missing data.

to 41% versus MCF<30%, Figure 1A). On multivariable
analysis, lower MCF tertiles had increased mortality risk
compared with the highest tertile (Table 2). Adjustment
for AVR (as time-dependent variable) did not modify the
excess risk of death of lower MCF tertiles compared
with the highest tertile (adjusted hazard ratio [HR], 1.53
[1.08-2.18] for MCF 30% to 41% versus MCF>41%,
adjusted HR, 1.82 [1.24-2.66] for MCF<30% versus
MCF>419%; Table 2, Figure 1B). The prognostic value of
low MCF remained powerful after further adjustment for
FR (adjusted HR, 1.57 [1.09-2.24] for MCF 30%-41%
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versus MCF>41%, adjusted HR, 1.80 [1.22-2.69]
for MCF<30% versus MCF>41%). In the subgroup of
patients in whom left atrial volume index was available,
the relation between MCF tertiles and outcome was
unchanged (adjusted HR, 1.47 [1.01-2.14] for MCF
30% to 41% versus MCF>41%, adjusted HR, 1.68
[1.13-2.50] for MCF<30% versus MCF>410%).

The baseline multivariable model for mortality
including clinical (age, sex, body mass index, symp-
toms, hypertension, coronary artery disease, history of
atrial fibrillation, and Charlson comorbidity index) and
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Figure 1. Outcome according to myocardial contraction fraction (MCF) tertiles.
A, Kaplan-Meier survival curves. B, Adjusted mortality curves (covariates for adjustment are from Model 3, Table 2).

echocardiography-Doppler variables (Vmax, AVA, and EF)
is presented in Table 3. Age, body mass index, Charlson
comorbidity index, Vmax, and EF were independent pre-
dictors of death during follow-up. On multivariable analysis,

Table 2. Relative Risk of All-Cause Mortality Associated
With MCF

Overall death

Model HR (95% CI) P value
Unadjusted

>41% Referent

30%-41% 1.42 (1.08-1.88) 0.014

<30% 1.67 (1.26-2.20) <0.001
Multivariable model 1*

>41% Referent

30%-41% 1.562 (1.08-2.14) 0.017

<30% 1.63 (1.15-2.31) 0.006
Multivariable model 2+

>41% Referent

30%-41% 1.50 (1.06-2.13) 0.022

<30% 1.68 (1.156-2.45) 0.007
Multivariable model 3%

>41% Referent

30%-41% 1.63 (1.08-2.18) 0.018

<30% 1.82 (1.24-2.66) 0.002

AVA indicates aortic valve area; AVR, aortic valve replacement; CAD, coronary
artery disease; EF, ejection fraction; HR, hazard ratio; MCF, myocardial contrac-
tion fraction; and Vmax, peak aortic jet velocity.

*Model 1 is adjusted for age, sex, body mass index, symptoms, hypertension,
CAD, history of atrial fibrillation, and comorbidity index.

tModel 2 includes variables in model 1 and Vmax, AVA, and EF.

#Model 3 includes variables in model 2 and AVR as time-dependent covariate.

Circ Cardiovasc Imaging. 2021;14:¢012257. DOI: 10.1161/CIRCIMAGING.120.012257

the field center effect was not significant (P=0.531 and
P=0.238, respectively). Although MCF, SV index, and FR
were found to have significant additional prognostic value
for mortality over the baseline model (Table 3), the predic-
tive value of MCF was greater than that of SV index or
FR. On multivariable analysis, MCF (adjusted HR, 0.97
[0.96-0.98], ”<0.001 per 1% MCF increment) outper-
formed EF (P=0.388) for mortality prediction. In the sub-
group of patients in whom LV GLS was available (n=219)
MCF was a better predictor of mortality (adjusted HR,
0.97 [0.97-0.99], A<0.001 per 1% MCF increment) than
EF (P=0.928) or LV GLS (P=0.492). The optimal MCF
cutoff point for the prediction of all-cause mortality was
41.0% by the Contal and O'Quigley method (log-rank
statistic =38.16, Q-statistic =2.61, A<0.001; Figure | in
the Data Supplement). Similar optimal cutoff points were
31.6 mL/m? for SV index, —14.2% for LV GLS, 96.1 g/
m? for LV mass index, and 198 mL/s for FR. MCF<41%
showed higher incremental predictive value over the
baseline model compared with SV index <31.6 mL/m? or
LV GLS >—14.2% (additional value of the y? of the model:
11.69 for MCF<41%, £P=0.001; 9.13 for SV index <31.2
mL/m?, P=0.003; 3.62 for LV GLS >—14.2%, P=0.045).
LV mass index >96.1 g/m? and FR <198 mL/s did not
significantly improve the baseline model.

Subgroup Analysis

Subgroups by SV Index

Among patients with LF (n=141), MCF was <41% in
90.1% of cases (n=127). MCF<41% was associated
with poorer 80-month actuarial survival compared with
MCF>41% (27+5% versus 52+ 15%), but the difference
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Table 3. Multivariate Analysis of the Prediction of All-Cause Mortality

Myocardial Contraction Fraction in Aortic Stenosis

Partial hazard ratio Partial hazard ratio
Variable (95% CI) x2 P value %2 to improve | (95% CI) P value
Baseline model
Age (per 1-year increase) 1.08 (1.06-1.10) 31.25 <0.001
Body mass index (per 1 kg/m? increase) 0.96 (0.93-0.98) 6.89 0.004
Charlson comorbidity index (per 1 unit increase) 1.10 (1.04-1.19) 9.71 0.002
Vmax (per 1 m/s increase) 0.67 (0.50-0.91) 6.82 0.009
LV ejection fraction (per 1% increase) 0.98 (0.96-1.00) 3.09 0.062
127.56* <0.001
Additional variablest
Stroke volume index (per 1 mL/m? increase) 5.41 0.98 (0.97-0.99) 0.042
LV mass index (per 1 g/m? increase) 2.15 1.002 (0.99-1.01) 0.137
LV global longitudinal strain (per 1% increase) 3.67 1.05 (0.99-1.12) 0.061
Transvalvular aortic flow rate (per ml/s decrease) 454 0.99 (0.99-1.00) 0.034
MCEF (per 1% increase)§ 10.39 0.96 (0.94-0.99) 0.001

Baseline model is a Cox multivariable model for all-cause mortality (model 2, Table 2). LV indicates left ventricular; MCF, myocardial contraction fraction; and Vmax,

peak aortic jet velocity.
*x2 of the baseline model.

tAdditional variables were added each on top of the baseline model and the %2 to improve the baseline model for each variable is presented.

$Available in 219 patients.

§P<0.010 MCF vs stroke volume index, MCF vs LV global longitudinal strain, and MCF vs transvalvular aortic flow rate.

was not statistically significant (P=0.112). After covariate
adjustment MCF<41% was still not significantly associ-
ated with mortality (adjusted HR, 3.563 [0.74-16.8]). In
the group of patients with NF (n=502), 59.9% (n=301)
had MCF<41% and 40.1% (n=201) had MCF>41%.
MCF<41% was associated with lower 80-month actu-
arial survival compared with MCF>41% (44+4% versus
5414%, P=0.021). On multivariable analysis, the excess
mortality risk associated with MCF<41% was confirmed
(adjusted HR, 1.41 [1.01-1.97]).

When patients were divided in 3 groups according to
SV index and MCF, both flow and MCF strongly influ-
enced outcome. Estimated survival was the highest for
NF with MCF>419%, lower for NF with MCF<41% and
very poor for the LF subgroup (Figure 2A). On multi-
variable analysis, compared with the reference group
(NF with MCF>419%) mortality risk was increased for
NF with MCF<41% (adjusted HR, 1.47 [1.056-2.07])
and was very high for LF (adjusted HR, 2.29 [1.45-
3.62]; Figure 2B).

When SV index subgroups were delineated by the
35 mL/m? threshold,"? or by sex-specific cut points,?*
the results remained essentially unchanged (Data
Supplement).

Subgroups by Symptomatic Status

MCF<41% was associated with poorer 80-month sur-
vival than MCF>419% in asymptomatic (44£7% versus
62+9%; P=0.012) and symptomatic patients (38+4%
versus 4915%; FP=0.008). On multivariable analysis,
MCF <41% was independently predictive of mortal-
ity in both subgroups (adjusted HR, 3.46 [1.51-7.96]
for asymptomatic patients and adjusted HR, 1.49
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[1.04-2.14] for symptomatic patients, P for interac-
tion 0.184).

DISCUSSION

We report herein the value of MCF for long-term mor-
tality risk assessment in a large cohort of patients with
LGSAS-PEF. MCF is a strong independent predictor of
mortality in LGSAS-PEF after adjustment for factors
known as major determinants of prognosis. MCF below
the 41% cutoff is associated with >b0% increase in the
risk of death during follow-up. Furthermore, MCF has
significant additional prognostic value for mortality when
added to a baseline multivariable model, including demo-
graphic, clinical, and echocardiography-Doppler variables.
Finally, long-term outcome is impacted by both flow and
MCF with acceptable mortality for patients with NF and
normal MCF, intermediate risk for patients with NF and
low MCF, and dismal prognosis for patients with LF.
LGSAS-PEF is a heterogeneous clinical entity in
regard to the severity of the valvular obstacle and the
function of the LV. Based on the 35 mL/m? SV index
cut point?® LGSAS-PEF is classically dichotomized in
LF/ and, respectively, NF/LGSAS-PEF. NF/LGSAS-
PEF represents more than half of all diagnosed LGSAS
cases with preserved and with reduced EF. While AVR is
currently recommended after careful clinical and imag-
ing work-up for patients with LF/LGSAS-PEF present-
ing with symptoms related to the valvular obstacle,® the
management of NF/LGSAS-PEF remains unclear and
difficult. Studies investigating outcomes of patients with
NF/LGSAS-PEF have led to conflicting results. We have
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Figure 2. Subgroup analysis according to stroke volume (SV) index and myocardial contraction fraction (MCF).
A, Kaplan-Meier actuarial survival; B, Adjusted mortality curves. For adjustment covariates, see Figure 1B. AS indicates aortic stenosis; LF, low

flow; LG, low gradient; and NF, normal flow.

reported that NF/LGSAS-PEF has a comparable out-
come to moderate AS” while others have suggested that
patients NF/LGSAS-PEF benefit from AVR compared
with medical management.®* Apart from methodological
differences, patient heterogeneity might explain these
discordant results. Moreover, recent outcome studies of
patients with AS®9 supported by echocardiography-Dop-
pler datain normal individuals?*?® have lowered to 30 mL/
m? the LF cut point in severe AS with PEF. LF/LGSAS-
PEF thus defined displays dismal outcome. Conversely,
this lowered cut point increases the prevalence of NF/
LGSAS. Therefore, markers of risk that would be more
sensitive and incremental to SV index, especially for NF/
LGSAS-PEF, are urgently needed. In this regard, the sole
parameter that has been investigated for diagnostic and
prognostic purposes is FR. Low-dose dobutamine stress
echocardiography or preload stress echocardiography
can be used in patients with NF/LGSAS and FR<200
mL/s to rule out severe AS. Our results confirm the 200
mL/s FR cut point and show that MCF retains indepen-
dent prognostic value after adjustment for FR.

MCF is a volumetric expression of the shortening
and thickening of the myocardium during systole that is
independent of the size and the geometry of the LV."" In
the report by King et al,"" MCF assessed by 3-dimen-
sional transthoracic echocardiography successfully dis-
tinguished patients with heart failure with preserved EF
from healthy athletes with LV hypertrophy and normal
controls. Low MCF by cardiovascular magnetic reso-
nance imaging was associated with an increased risk of
cardiovascular disease in the Framingham Heart Study
Offspring cohort study'? and more recently in the MESA
study (Multi-Ethnic Study of Atherosclerosis)?” In the
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Cardiovascular Health Study, MCF by 2-dimensional
echocardiography guided M-mode was inversely associ-
ated with adverse cardiovascular outcomes and mortal-
ity."”* Moreover, reduced MCF predicted adverse events
in patients with nonischemic dilated cardiomyopathies,™
transthyretin amyloidosis,’ and hypertrophic cardiomy-
opathy with normal EF'® The prognostic usefulness of
MCF in patients with AS has not been established. To the
best of our knowledge, only one single-center retrospec-
tive study of 126 patients with severe AS referred for
transcatheter AVR reported that preoperative MCF<30%
was predictive of increased 1-year mortality.'” The pres-
ent study identified a higher MCF cut point for mortality
prediction. This discrepancy may be explained by differ-
ences in the studied populations and the use by Romeo
et al'” of a different method (classical receiver-operating
curve) for cut point identification in outcome analyses.
According to the results of the present study, MCF
effectively stratifies risk in LGSAS-PEF, especially for
patients in whom flow across the aortic valve is normal.
As for other pathological forms of LV hypertrophy,'® we
show that MCF is superior to EF for outcome predic-
tion in LGSAS-PEF. Flow across the aortic valve®242°
dichotomizes LGSAS-PEF and, in spite of some data
suggesting progressive incremental mortality risk with
lower SV index,?® cannot further refine risk prediction.
Recently, concentric remodeling patterns have been
identified as markers of risk in severe AS with PEF2® By
integrating LV remodeling and LV systolic function, MCF
is an interesting prognostic marker in AS with normal EF.
From a physiological perspective, MCF can be under-
stood as the amount by which the myocardium short-
ens and thickens in systole relative to the total volume
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of the LV myocardium." However, from a mathematical
point of view, MCF is the inverse of LV concentricity from
which the ratio of LV end-systolic volume to LV mass is
subtracted.” This suggests that reductions in MCF are
proportional with LV concentricity but further influenced
by larger LV end-systolic volumes. Our findings lead to
a novel appraisal of risk in LGSAS-PEF based on the
previously reported 30 mL/m? SV index cutoff324? and
on the 41% MCF cut point found predictive of increased
mortality risk in the present analysis. In patients with aor-
tic valve stenosis with AVA<1 cm? by continuity equa-
tion, low-gradient, and normal EF, the detection of an
SV index by Doppler-echocardiography below 30 mL/
m? is a marker of high mortality risk, and in the pres-
ence of symptoms related to the valvular obstacle should
lead to AVR as conservative management is associ-
ated with unacceptable mortality in this situation. For
such patients, MCF has little additive value because in
the vast majority of cases it is <41%. However, a small
group of patients (10%) with SV index <30 mL/m? and
MCF>41% has low mortality during follow-up, although
the present study could not demonstrate that this appar-
ently better outcome is statistically significant. Larger
cohorts are, therefore, needed to clarify the prognosis
of this small group. Conversely, in patients with LGSAS-
PEF and SV index >30 mL/m?, the calculation of MCF is
of importance as it refines risk prediction. Patients with
NF/LGSAS-PEF and MCF<41% have increased risk
of mortality during follow-up while with MCF>41% the
risk of death is relatively low. These patients with NF/
LGSAS-PEF and MCF<41% might presumably benefit
from surgical or transcatheter AVR.

Limitations

Contrary to the original description of MCFE' we
assessed SV by Doppler-echocardiography at the aor-
tic annulus as this measurement is part of any routine
echocardiographic examination and, in patients with
AS, is systematically used to calculate the AVA. Other
imaging modalities such as magnetic resonance imag-
ing and computed tomography provide estimates of SV
and LV mass but are more costly, time consuming and
not always available in routine practice. Furthermore,
Doppler-derived SV values are lower compared with
SV assessed by magnetic resonance imaging translat-
ing into different SV cut points associated with mortality.
This study also shows that LV GLS is not superior to MCF
for outcome prediction purposes. LV GLS was not avail-
able for all patients included in this study and, therefore,
results involving this parameter should be interpreted
as hypothesis generating and require further valida-
tion. Biomarkers of myocardial stress/injury or diastolic
overload and parameters of LV diastolic function were
not available. Although the linear estimation of LV mass
was not developed and validated in AS, it is the most

Circ Cardiovasc Imaging. 2021;14:¢012257. DOI: 10.1161/CIRCIMAGING.120.012257

Myocardial Contraction Fraction in Aortic Stenosis

frequently used method for LV mass calculation in clinical
practice and in scientific reports. We acknowledge that
transthyretin cardiac amyloidosis is prevalent in patients
with severe LF/LG AS and interacts with natural history
outcomes.®® We cannot investigate the link between con-
current cardiac amyloidosis and outcomes in this cohort
as the presence of amyloidosis was not systematically
investigated in our patients.

Conclusions

MCF is a unitless volumetric ratio of the systolic shorten-
ing and thickening of the myocardium easily obtainable
by routine Doppler-echocardiography. In LGSAS-PEF,
MCF is superior to EF for the prediction of long-term
mortality. Baseline MCF<419% is associated with >50%
increase in the risk of death during follow-up. MCF<41%
is a marker of risk in LGSAS-PEF, especially in patients
with NF in whom therapy is still highly debated. MCF
might therefore improve the understanding of NF/
LGSAS-PEF and guide decision-making. Further studies
are needed to compare the relative value of MCF and LV
GLS in LGSAS-PEF.
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