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IMPORTANCE Myocardial fibrosis in aortic stenosis (AS) may exhibit sex differences. However,
its prognostic significance in women with AS remains unclear.

OBJECTIVE To investigate sex differences in myocardial fibrosis assessed by cardiovascular
magnetic resonance (CMR) and evaluate its prognostic value in women and men with AS.

DESIGN, SETTING, AND PARTICIPANTS Patients with severe AS who underwent CMR before
aortic valve replacement (AVR) were prospectively enrolled from 13 international sites
between March 2011 and September 2021. Myocardial fibrosis was evaluated using
extracellular volume fraction (ECV%) and late gadolinium enhancement (LGE). The main
analysis was conducted on patients without obstructive coronary artery disease (CAD),
defined as those with no history of myocardial infarction and no concomitant coronary artery
bypass grafting. Data were analyzed from December 2023 to February 2024.

EXPOSURES Surgical or transcatheter AVR.

MAIN OUTCOMES AND MEASURES The primary outcome was post-AVR all-cause mortality and
the secondary outcome was cardiovascular mortality.

RESULTS Of 822 patients, 670 were without obstructive CAD (368 men [55%] and 302
women [45%]). Among these, women and men had a similar age (median, 72 years vs 71
years, respectively), comorbidities, and AS severity. ECV% was similar between sexes;
however, women had less LGE (both infarct and noninfarct LGE). After a median follow-up of
3.7 (IQR, 2.1-4.7) years, there were 76 deaths (11.3%), including 29 adjudicated cardiovascular
deaths, in patients without obstructive CAD. Increasing ECV% and LGE were associated with
higher all-cause and cardiovascular mortality in both sexes. Cox analyses demonstrated that
both ECV% and LGE were associated with higher all-cause mortality without significant
interaction by sex (women: adjusted hazard ratio [HR], 1.08 per 1% ECV% increase; 95% Cl,
1.04-112; P < .001; men: adjusted HR, 1.01; 95% Cl, 0.96-1.06; P = .66; P for interaction by
sex = .09 and women: adjusted HR, 2.49 for the presence of LGE; 95% Cl, 1.07-5.80; P = .03;
men: adjusted HR, 1.82; 95% Cl, 1.00-3.32; P = .04; P for interaction by sex = .68). In the
entire population (n = 822), both noninfarct and infarct-related LGE were associated with
increased mortality without significant interaction by sex.

CONCLUSIONS AND RELEVANCE In this study, patients with severe AS who underwent AVR
exhibited similar ECV% between sexes, while women had lower LGE. Increased myocardial
fibrosis provided important prognostic value for both sexes.
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ortic stenosis (AS) contributes to major morbidity and
mortality globally.! Chronic pressure overload by
valvular stenosis induces left ventricular (LV) hyper-
trophy, thus, maintaining cardiac performance. Over time, this
hypertrophic response decompensates due to progressive myo-
cyte death and myocardial fibrosis, ultimately leading to the
development of symptoms, heart failure, and adverse events.?>

Cardiovascular magnetic resonance (CMR) allows the non-
invasive detection and quantification of myocardial fibrosis in
patients with AS. Replacement fibrosis associated with AS can
be detected by the presence of noninfarct late gadolinium en-
hancement (LGE) and quantified as the percentage of myo-
cardial mass comprising LGE (LGE%). Noninfarct LGE repre-
sents a distinctive form of replacement fibrosis in AS, differing
from the fibrosis pattern observed in myocardial ischemia.? Al-
ternatively, diffuse interstitial fibrosis and noninfarct replace-
ment fibrosis can be assessed with extracellular volume frac-
tion (ECV%) using precontrast and postcontrast T1-mapping.
Both ECV% and LGE provide prediction of subsequent mor-
tality in patients with AS.#° There is considerable interest in
using these CMR assessments of myocardial fibrosis as objec-
tive markers of LV decompensation in AS,'° which could be
used to trigger decisions regarding early aortic valve replace-
ment (AVR). Indeed, this strategy has been recently evalu-
ated in a randomized trial,!! with continued efforts to further
assess its potential.

Sex-related differences in myocardial remodeling and
fibrosis in patients with AS remain poorly defined. Existing LGE
and T1-mapping studies in patients with AS have included rela-
tively few women'?1* and have provided contrasting results
regarding whether women develop more or less myocardial fi-
brosis than men.!?® More importantly, large outcome stud-
iesinvestigating the prognostic role of fibrosis in women with
AS are lacking.' Considering the significant sex differences in
AS and its outcomes following AVR,'7!° larger data that have
the power to establish the prognostic role of these markers, in
women as well as men, are required.

This international multicenter study aimed to address these
issues in a large population of male and female patients with
severe AS undergoing CMR prior to AVR. The aims were to in-
vestigate sex differences in myocardial fibrosis and LV remod-
eling in patients with severe AS and the prognosticrole of ECV%
and LGE in women.

Methods

Cohort Characteristics

Our prospective cohort study consisted of patients with
severe AS awaiting AVR across 13 different international sites in
Belgium, Canada, Germany, South Korea, the United
Kingdom, and the US. The cohort characteristics have been pre-
viously described®® and the details of each site’s enrollment pe-
riod, inclusion criteria, and type of intervention are summa-
rized in eTable 1in Supplement 1. At all sites, patients scheduled
for surgical or transcatheter AVR for severe AS between 2011 and
2021 were prospectively enrolled and all patients underwent
CMR with T1-mapping shortly before their scheduled AVR
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Key Points

Question Are there sex-related differences in the extent of
myocardial fibrosis in aortic stenosis (AS) and does myocardial
fibrosis provide important prognostic information in both women
and men?

Findings In this study, women with severe AS had a similar
extracellular volume fraction but less replacement fibrosis
compared with men. Both extracellular volume fraction and
replacement fibrosis were associated with increased post-aortic
valve replacement mortality in women as well as in men.

Meaning These results demonstrated that noninvasive fibrosis
assessment using cardiovascular magnetic resonance may
improve risk stratification and decision-making in both women and
men with AS.

(median time interval, 8 days). Patients were included irrespec-
tive of whether the aortic valve was tricuspid or bicuspid.
Exclusion criteria were severe kidney dysfunction (estimated
glomerular filtration rate less than 30 mL/min/1.73 m?),
presence of an implantable cardiac device, any prior heart valve
surgery or intervention, and confirmed diagnosis of infiltrative
cardiomyopathy, including cardiac amyloidosis.

The study complies with the Declaration of Helsinki, and
the local institutional review boards approved the protocol.
This study adheres to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guidelines. Written informed consent was obtained from all
participants.

Data Collection and Variable Definitions

Patients’ clinical and echocardiography data were collected at
the time of recruitment. Body surface area was calculated by
the Mosteller formula. The predicted surgical mortality risk of
AVR was calculated by the Society of Thoracic Surgeons
score.2%-2! AS severity was assessed using echocardiography
and according to contemporary guidelines.?2-24

CMR

All participants underwent CMR shortly before AVR. Details
of the scanners, Tl-mapping pulse sequences, and field
strengths by each participating center have been summa-
rized (eTable 2 in Supplement 1). As previously reported,>®
standard long-axis views and short-axis cine stacks were ac-
quired. LGE images were acquired 10 to 20 minutes after in-
travenous gadolinium contrast administration. Short-axis
T1-mapping sequences were acquired at the midcavity level
before and 10 to 20 minutes after contrast injection.

CMR images were transferred to the central core labora-
tory via a web-based storage cloud or an external hard drive.
All images were analyzed with cvi42 software (Circle Cardio-
vascular Imaging), following a prespecified protocol by expe-
rienced cardiologists and technicians. All observers were
blinded to the patients’ clinical information and outcomes. De-
tailed methods of CMR image analysis are described in the
eMethods in Supplement 1.

T1-mapping analysis was performed in the midinferosep-
tum of the LV as previously described.® Any infarct-related LGE
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Table 1. Baseline Characteristics by Sex in Patients Without Obstructive Coronary Artery Disease

Median (IQR)

Characteristic Women (n = 302) Men (n = 368) P value
Age,y 72 (64-79) 71 (64-78) .34
Body mass index® 26.1(23.5-30.3) 26.3(23.7-29.4) .87
Body surface area, m? 1.69 (1.56-1.83) 1.91 (1.76-2.06) <.001
Systolic blood pressure, mm Hg 130(118-141) 128 (116-140) .45
Diastolic blood pressure, mm Hg 72 (65-80) 72 (64-80) .64
NYHA functional class, No. (%)°

| 53(19.6) 99 (30.1)

I 113 (41.7) 129 (39.2)

11 93 (34.3) 92 (28.0) 02

1\ 12 (4.4) 9(.7)
Hematocrit, % 38.0(35.5-40.2) 40.4 (37.6-43.0) <.001
STS score 1.7 (1.2-2.5) 1.2 (0.8-1.8) <.001
Medical history, No. (%)

Atrial fibrillation 33(10.9) 45 (12.2) .69

Diabetes 66 (21.9) 80 (21.7) >.99

Hypertension 161 (53.3) 178 (48.4) .35
Aortic valve indices

Mean pressure gradient, mm Hg 49.0 (41.0-63.0) 50.0 (40.2-62.0) .95

Peak aortic jet velocity, m/s 4.6 (4.1-5.1) 4.5 (4.1-5.0) .89

Aortic valve area index, cm?/m? 0.4 (0.3-0.5) 0.4 (0.3-0.5) 91

Bicuspid aortic valve, No. (%) 83(32.8) 119 (39.9) .10
Intervention received, No. (%)

Isolated surgical AVR 225 (74.5) 283(76.9)

Transcatheter AVR 77 (25.5) 85(23.1) 93
Left heart structure and function

Left atrial volume, mL/m? 46.4 (36.1-57.6) 46.8 (36.6-59.7) .81

LV end-diastolic volume, mL/m?¢ 61.7 (47.3-77.7) 69.3(51.8-89.7) <.001

LV end-systolic volume, mL/m?>¢ 16.1(10.3-27.3) 20.8(13.4-36.3) <.001

LV stroke volume, mL/m?>¢ 42.3(32.5-50.8) 44.7 (33.1-55.0) .05

LV ejection fraction, % 71.8(61.8-79.0) 65.6 (56.0-76.0) <.001

Maximal wall thickness, mm 15.0(13.0-17.0) 17.0(14.8-19.0) <.001

LV mass, g/m29 79.1(67.4-98.5) 94.8 (79.8-119.0) <.001

LV mass/volume ratio 1.35(1.05-1.64) 1.43(1.14-1.77) .01
Right heart structure and function

RV end-diastolic volume, mL/m?¢ 54.7 (44.1-65.7) 62.4 (49.8-74.8) <.001

RV end-systolic volume, mL/m?¢ 21.1(15.6-27.0) 26.0(19.7-33.4) <.001

RV stroke volume, mL/m?¢ 34.2(23.4-42.7) 35.3(21.5-46.7) .16

RV ejection fraction, % 62.7 (49.2-70.0) 57.0 (43.2-67.0) <.001
Myocardial characteristics, No. (%)

ECV% 27.5(24.8-29.8) 26.8 (24.7-29.4) .55

Any LGE 90 (29.8) 184 (50.0) <.001

Noninfarct LGE 80 (26.5) 156 (42.4) <.001

Infarct-related LGE 10(3.3) 28 (7.6) .03

LGE% among patients with LGE 0.8 (0.3-2.2) 1.2 (0.5-2.4) .07

regions were excluded, but noninfarct LGE was included in the
Tl-mapping analysis, according to guideline recommendations.?
The ECV% was calculated conventionally using the hemato-
crit and blood and myocardial T1 values as follows: ECV% =
(100 - hematocrit [%]) x (T1 postmyocardium™ - T1 premyo-
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Abbreviations: AVR, aortic valve
replacement; ECV%, extracellular
volume fraction; LGE, late gadolinium
enhancement; LGE%, late gadolinium
enhancement percentage; LV, left
ventricle; NYHA, New York Heart
Association; RV, right ventricle; STS,
Society of Thoracic Surgery.

2 Calculated as weight in kilograms
divided by height in meters
squared.

® Data available in 90% of study
patients.

¢ Data available in 82% of study
patients.

9Indexed to body surface area.

cardium™) / (T1 postblood™ - T1 preblood™). ECV% has been
shown to have reliable reproducibility in patients with AS2® and
favorable interobserver variability for ECV% measurements in
this cohort has been previously reported.® The presence of LGE
was recorded across the entire short-axis stacks of the LV and
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Table 2. Association of Extracellular Volume Fraction (ECV%) and Late Gadolinium Enhancement (LGE)
With the Risk of Mortality After Aortic Valve Replacement According to Sex in Patients Without Obstructive Coronary Artery Disease (CAD)

All patients without obstructive

CAD (n = 670) Women (n = 302) Men (n = 368) ;::::Stgg;
HR (95% Cl) P value HR (95% CI) P value HR (95% Cl) P value by sex
ECV%, per 1% increase
Univariable analysis 1.05(1.02-1.08) <.001 1.06 (1.03-1.10) <.001 1.03(0.99-1.07) .19 .20
Multivariable analysis® 1.04 (1.01-1.08) .01 1.08 (1.04-1.12) <.001 1.01 (0.96-1.06) .66 .09
Presence of LGE
Univariable analysis 2.16(1.37-3.42) .001 2.40 (1.08-5.34) .03 1.81(1.03-3.19) .04 .55
Multivariable analysis® 2.25(1.39-3.65) <.001 2.49 (1.07-5.80) .03 1.82(1.00-3.32) .04 .68
LGE%, per 1% increase
Univariable analysis 1.11(1.04-1.17) <.001 1.13(1.01-1.27) .04 1.09(1.02-1.16) .02 .58
Multivariable analysis® 1.04 (0.99-1.10) .14 1.10(0.98-1.25) 11 1.04 (0.97-1.11) 31 .61

Abbreviations: HR, hazard ratio; LGE%, late gadolinium enhancement
percentage; LV, left ventricle.

2 Adjusted for age (years), type of intervention received, LV ejection fraction

(less than 50%), and the presence of LGE.

® Adjusted for age (years), type of intervention received, LV ejection fraction
(less than 50%), and extracellular volume fraction.

the LGE pattern was classified as either noninfarct LGE or infarct-
related LGE when present. LGE was considered infarct related
when located in the subendocardial or transmural myocar-
dium, aligning with a coronary artery territory. Conversely, non-
infarct LGE was defined as LGE not compatible with infarct-
related LGE, typically presenting as focal, patchy, or diffuse
patterns in the mid-wall of the LV (eFigure 1in Supplement 1).2
In this study, a small number of patients (n = 23 [2.8%]) had both
noninfarct LGE and infarct-related LGE, and these patients were
classified as having noninfarct LGE to focus on the prognostic
role of AS-related replacement fibrosis. Regions of LGE were de-
lineated using a semiautomated process, identifying pixels within
the myocardium with a signal intensity exceeding 5 SDs of the
normal remote myocardium. LGE% was calculated as the per-
centage of the total LGE mass divided by the myocardial mass.

Outcome Assessment

Patients were followed up with from the date of AVR to the
last clinical follow-up visit or death. The primary outcome
was all-cause mortality after the AVR. Mortality data were
ascertained by the official national death records or official
medical records obtained by each study center, as well as
reports from family members, where available, to ensure
validity. The secondary outcome was cardiovascular death,
defined as death attributed to sudden cardiac arrest, myo-
cardial infarction, heart failure, infective endocarditis, or
cerebrovascular events.

Statistical Analysis

The main study analysis was conducted specifically in
patients without evidence of obstructive coronary artery
disease (CAD) (n = 670), defined as those with no history of
myocardial infarction and no concomitant coronary artery
bypass grafting (CABG), to minimize the potential influence
of obstructive CAD. For the analysis of LGE types (infarct
and noninfarct), the entire population was used to evaluate
both types.
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Continuous variables were expressed as median values
with IQRs and categorical variables as counts and percent-
ages. Comparisons between the groups were performed using
the Kruskal-Wallis test for continuous variables and the x? test
for categorical variables. Kaplan-Meier survival curves were
plotted by groups of ECV% and LGE. ECV% was categorized
into 3 groups according to the tertile values across the entire
population (25.7% or less, more than 25.7% and 28.8% or less,
and more than 28.8%). For LGE, patients were categorized ac-
cording to its presence and those with LGE were again dichoto-
mized according to the median value of LGE% (1.2% or less and
more than 1.2%). Given that ECV% and LGE% already ac-
count for body size, indexing was not required for these param-
eters. The comparison of survival between groups was per-
formed using the log-rank test. Cox proportional hazards
regression analysis was used to evaluate the association of
ECV% and LGE with mortality risk, that was reported as a
hazard ratio (HR) and 95% CI. Multivariable Cox analysis for
ECV% was adjusted for age, type of intervention, LV systolic
dysfunction (ejection fraction less than 50%), and the pres-
ence of LGE. Similarly, the analysis for the presence of LGE or
LGE% was adjusted for age, type of intervention, LV systolic
dysfunction, and ECV%. The difference in risks between men
and women was tested in the Cox models using the interac-
tion term. For the analysis of the cardiovascular mortality end
point, we performed 2 separate analyses, in which nonadju-
dicated causes of death were either censored or classified as
cardiovascular mortality, respectively.

A sensitivity analysis was performed after excluding pa-
tients with an LV ejection fraction less than 50% among those
without obstructive CAD. Another sensitivity analysis was con-
ducted after excluding patients with infarct-related LGE from
the entire cohort. Subgroup analyses were also performed
based on the interventions received.

A 2-tailed P < .05 was considered statistically significant.
All analyses were performed using R version 4.3.0 (The
R Project).
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Figure 2. All-Cause Mortality After Aortic Valve Replacement (AVR)

According to Patterns of Late Gadolinium Enhancement (LGE) and Sex in the Entire Study Population
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Cumulative survival after AVR according to the patterns of LGE (no LGE, noninfarct LGE, infarct-related LGE) in the entire population (A), women (B), and men (C).

The P value for pairwise comparison with no LGE group is shown.

.|
Results

Clinical Characteristics by Sex
The entire population comprised a total of 822 patients with
severe AS undergoing AVR, including 342 women (41.6%) and
480 men (58.4%) (eTable 3 in Supplement 1). Patients under-
went isolated surgical AVR (n = 537 [65.3%]), surgical AVR with
CABG (n = 109[13.3%]), or transcatheter AVR (n = 176 [21.4%)).
Women and men had similar AS severity, age, and body mass
index. Women were more symptomatic compared with men.
The proportions of women and men with atrial fibrillation, dia-
betes, and hypertension were also similar, although women
had higher Society of Thoracic Surgeons Predicted Risk of
Mortality scores (median, 1.8 vs 1.3; P < .001).

0Of 670 patients without evidence of obstructive CAD, 302
were women and 368 were men (Table 1). Similar to the
entire cohort, women had a similar age and comorbidities

JAMA Cardiology Published online February 19, 2025

compared with men, with women having more advanced
symptoms and higher Society of Thoracic Surgeons scores.

CMR Assessment of Myocardial Remodeling by Sex

The distribution of ECV% and LGE% showed little variation
across the participating centers (eFigure 2 in Supplement 1).
Despite similar burdens of comorbidities and AS severity, the
maximal LV wall thickness, LV mass index, and LV mass to vol-
ume ratio were lower in women than in men, both in the
entire population and in patients without obstructive CAD
(eTable 3 in Supplement 1; Table 1). Compared with men,
women had smaller LV volumes, higher LV ejection fractions,
and consequently similar LV stroke volume indices, with simi-
lar patterns seen for right ventricular assessments. Although
ECV% was similar between women and men, LGE was less fre-
quently observed in women than in men irrespective of its pat-
tern in the entire population (eTable 3 in Supplement 1). Simi-
lar findings were observed in patients without obstructive CAD
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Table 3. Association of the Patterns of Late Gadolinium Enhancement (LGE)

With Mortality Risk After Aortic Valve Replacement According to Sex in the Entire Population

Entire population (n = 822)

Women (n = 342)

Men (n = 480)

P value for
HR (95% Cl) P value HR (95% CI) P value HR (95% CI) P value interaction by sex

Univariable analysis

No LGE 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA NA

Noninfarct LGE 1.95(1.27-2.99) .002 3.17 (1.48-6.78) .003 1.38(0.82-2.32) .22 .08
Infarct-related LGE 2.66 (1.50-4.71) <.001 3.36(1.08-10.43) .04 2.09(1.08-4.07) .03 47

Multivariable analysis®

No LGE 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA NA

Noninfarct LGE 1.80(1.16-2.80) .01 2.77 (1.25-6.12) .01 1.30(0.76-2.23) .34 .18
Infarct-related LGE 1.76 (0.95-3.26) .07 3.83(1.19-12.33) .02 1.17 (0.56-2.42) .68 21

Abbreviations: HR, hazard ratio; NA, not applicable.

2 Adjusted for age (years), type of intervention received, LV ejection fraction (less than 50%), and extracellular volume fraction.

(women vs men: ECV% median, 27.5% vs 26.8%; P = .55; any
LGE, 29.8% vs 50.0%; P < .001; noninfarct LGE, 26.5%
vs 42.4%, P < .001; infarct-related LGE, 3.3% vs 7.6%, P = .03)
(Table 1).

In both the entire population and patients without ob-
structive CAD, higher ECV% and LGE were associated with
other markers of LV decompensation in both sexes, including
increased LV end-systolic volume index, decreased LV ejec-
tion fraction, and increased LV mass index (eFigure 3 and eFig-
ure 4 in Supplement 1).

Myocardial Fibrosis and Mortality

During a median of 3.7 (IQR, 2.1-4.7) years follow-up, there were
103 deathsin the entire population (12.5%). Among these, a de-
finitive cause of death was available in 75 cases with 39 attrib-
uted to cardiovascular causes. Overall survival was higher in
women (32 deaths [9.4%]) than in men (71 deaths [14.8%];
P =.02), while survival rate free from cardiovascular mortal-
ity was similar between sexes (eFigure 5 in Supplement 1).
Among patients without obstructive CAD, there were 76 deaths
(11.3%), including 29 adjudicated cardiovascular deaths. Simi-
larly, survival was higher in women, but cardiovascular
mortality remained comparable between sexes (eFigure 5 in
Supplement 1).

All-cause and cardiovascular mortality increased with higher
levels of ECV% or LGE in both sexes in the entire population
(eFigure 6 and eFigure 7in Supplement 1). Among patients with-
out obstructive CAD, higher ECV% and LGE were again associ-
ated with a greater incidence of all-cause mortality in both sexes
(Figure 1), as well as cardiovascular mortality (eFigure 8 in
Supplement 1). A similar trend was consistently observed after
further excluding patients with reduced LV ejection fraction (less
than 50%) (eFigure 9 in Supplement 1).

In the univariable Cox analysis, both ECV% and LGE were
associated with mortality in the entire population, with no sig-
nificant interaction by sex (P > .05) (eTable 4 in Supple-
ment 1). Similar findings were observed for cardiovascular mor-
tality (eTable 5 in Supplement 1). The prognostic association
persisted in women after adjustment for multiple covariates,
without significant interaction by sex. The Cox analyses for
patients without obstructive CAD are shown in Table 2. Both

jamacardiology.com

ECV% and LGE were consistently associated with a higher risk
of all-cause mortality across all patients, even after adjust-
ment for multiple covariates, without significant interaction
by sex (women: adjusted HR, 1.08 per 1% increase in ECV%;
95% CI, 1.04-1.12; P < .001; men: adjusted HR, 1.01; 95% CI,
0.96-1.06; P = .66; Pfor interaction by sex = 0.09) (women: ad-
justed HR, 2.49 by the presence of LGE; 95% CI, 1.07-5.80;
P =.03; men: adjusted HR, 1.82; 95% CI, 1.00-3.32; P = .04;
P for interaction by sex = 0.68) (Table 2).

In the entire population, categorization of LGE by its cause
demonstrated higher mortality in women with an infarct or
noninfarct pattern and men with an infarct pattern compared
with those without LGE (Figure 2). Noninfarct LGE was a sig-
nificant risk factor for mortality in the multivariable Cox model,
without significant interaction by sex (women: adjusted HR,
2.77; 95% CI, 1.25-6.12; P = .01; men: adjusted HR, 1.30; 95%
CI, 0.76-2.23; P = .34; P for interaction by sex = .18) (Table 3).

Sensitivity and Subgroup Analysis

Among 306 women and 399 men without infarct-related LGE,
ECV% was comparable between the sexes, while the preva-
lence of noninfarct LGE was significantly higher in men (eTable 6
in Supplement 1). In this population, a higher ECV% and LGE%
were again associated with a higher mortality rate in women as
well as men (eTable 7 and eFigure 10 in Supplement 1).

A subgroup analysis by type of intervention was per-
formed (eTable 8 in Supplement 1) and showed similar prognos-
ticassociations in patients undergoing surgical AVR with or with-
out CABG (eTable 9 in Supplement 1). In patients who underwent
transcatheter AVR, ECV% was significantly associated with mor-
tality, but LGE was not (eTable 10 in Supplement 1).

|
Discussion

In this large international multicenter study of patients with
severe AS undergoing AVR, we demonstrated that, in a co-
hort well-balanced for age and comorbidities, women had simi-
lar ECV%, less replacement fibrosis, and lower overall mortal-
ity than men. The extent of fibrosis was associated with LV
decompensation and increased mortality in both sexes, with-
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out significant interaction by sex. These findings remained con-
sistent after excluding those with evidence of obstructive CAD.
We concluded that assessments of myocardial fibrosis are of
major interest as markers of LV decompensation and progno-
sis, irrespective of sex, and may help optimize the timing of
valve replacement in women as well as men.

We presented, to our knowledge, the largest sex-specific
CMR study in AS, investigating both ECV% and LGE in pa-
tients with severe AS undergoing AVR, representing the larg-
est cohort of female participants reported to date. All pa-
tients were imaged just prior to AVR, ensuring that patients
were studied at a similar time point in their disease course. An
important strength in this study, compared with previous
ones,'>1315js that women and men were well balanced in terms
of age, AS severity, and comorbidities, thereby minimizing the
influence of many potential confounders and allowing us to
compare patterns of remodeling and fibrosis by sex and link
these observations with subsequent patient survival.

Similar to previous studies, we observed that women with
AS have smaller hearts and lower wall thickness, LV mass, and
LV mass to volume ratio than men but have higher LV ejection
fractions.'?7® A higher prevalence of LV hypertrophy in men than
inwomen has been reported,'>!* which may indicate more mal-
adaptive LV remodeling associated with AS in men. Previous
studies have provided conflicting data with respect to the ex-
tent of myocardial fibrosis by sex, particularly ECV%, probably
due to a small sample size and variability in study populations
and comorbidities.!>'* Here, we investigated a large cohort that
included 342 women with ages and comorbidity similar to those
of men, demonstrating that women are less likely to have LGE
than men at the time of AVR, whereas ECV%, a marker of both
interstitial and noninfarct replacement fibrosis, was similar be-
tween the sexes. Both types of fibrosis markers are closely re-
lated to LV decompensation and increased mortality, irrespec-
tive of sex. Notably, even after excluding patients with evidence
of obstructive CAD, the prevalence of LGE remained consis-
tently lower in women. The exact mechanism underlying the sex
differences in the extent of myocardial fibrosis remains un-
clear. Several studies have suggested a significant role of endog-
enous sex hormones and imbalances in these hormones, par-
ticularly testosterone, in the development of myocardial fibrosis
in both animal and human models.?”-?® This may be one of the
reasons why men have more hypertrophy and higher levels of
replacement fibrosis.

There are very few studies investigating the association of
myocardial fibrosis with hard clinical outcomes in women with
AS. Replacement fibrosis, as assessed by LGE, was previously
reported to be associated with worse post-AVR survival in 249
women with severe AS.'” However, little is known about the
prognostic power of ECV% in women with AS and existing T1-
mapping studies that investigated sex differences did not have
outcome data or included insufficient numbers of women.'**
Here, we demonstrated that both ECV% and LGE were prog-
nostic in a large group of women (n = 342) and remained in-
dependent predictors of death after multivariable adjust-
ments. Even a modest burden of ECV% (middle tertile) was
associated with a higher incidence of mortality in women, while
women in the lowest ECV% tertile exhibited a particularly
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favorable prognosis. Together, this implies that myocardial fi-
brosis markers may serve as particularly powerful and sensi-
tive prognostic indicators in women with AS.

Our study has important potential clinical implications.
Our data highlight important sex differences in LV remodel-
ing in AS and provide a notable advance in our understand-
ing of how the ventricle starts to decompensate in men and
women with AS. In particular, we have demonstrated that
women have more favorable patterns of remodeling and less
replacement myocardial fibrosis than men while having
similar degrees of ECV%. This lower burden of replacement
fibrosis appeared to translate into a better prognosis for
women than men, at least in this patient population where
age, AS severity, and comorbidities were well balanced
between the sexes. Indeed, we have here confirmed the
prognostic information provided by myocardial fibrosis, not
only in the cohort as a whole but also in women when con-
sidered in isolation. This confirms the findings of previous
studies in populations that were dominated by men.>°:15
While the efficacy of early AVR in patients with asymptom-
atic severe AS with midwall LGE was not demonstrated in a
recent randomized trial, potential benefits were suggested,
including a reduction in unplanned AS-related hospitaliza-
tions and symptom improvement.!! Notably, the trial
included a limited number of women (28%), highlighting
the need for a larger study with sufficient power to evaluate
the efficacy of this strategy in both sexes. Considering the
differing propensity for reversibility between the 2 types of
fibrosis,?°-3© detailed myocardial phenotyping using both
markers may help identify optimal candidates for early
intervention in both sexes.

Limitations

Our study has several limitations. First, although, to our knowl-
edge, this study is by far the largest CMR study of patients with
severe AS to date, our findings could be influenced by poten-
tial selection bias and unmeasured confounders. Second, the
mechanism underlying these sex differences cannot be exam-
ined in our study, which needs to be investigated in future stud-
ies. Third, more information on hard clinical outcomes, in-
cluding heart failure hospitalizations, was not available, and
the cause of mortality could be adjudicated in 73% of the mor-
tality cases. Lastly, our cohort focused on patients with se-
vere AS scheduled for AVR. While this facilitated compari-
sons between the sexes in patients with similar disease severity,
our results may require further validation in patients with less
severe AS.>!

.|
Conclusions

In patients with severe AS undergoing AVR, women have less
wall thickening, hypertrophy, and replacement myocardial fi-
brosis than men, but have similar ECV%. Myocardial fibrosis
provides significant prognostic information in both men and
women with AS undergoing AVR. Noninvasive fibrosis assess-
ment using CMR may improve risk stratification and decision-
making in women as well as men with AS.
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