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Effect of aortic valve phenotype and sex
on aorta dilation in patients with

aortic stenosis
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ABSTRACT

Background Bicuspid aortic valve (BAV) is often
associated with a concomitant aortopathy. However,

few studies have evaluated the effect of the aortic valve
(AV) phenotype on the rate of dilation of the aorta. This
study aimed to compare the progression rate of aorta
dimensions according to AV phenotype (BAV vs tricuspid
AV (TAV)), fusion type and sex in patients with aortic
stenosis (AS).

Methods 310 patients with AS (224 TAV and 86 BAV)
recruited in the Metabolic Determinants of the Progression
of Aortic Stenosis study (PROGRESSA, NCT01679431)
were included in this analysis. Doppler echocardiography
was performed annually to assess AS severity and
measure ascending aorta (AA) dimensions. Baseline and
last follow-up visit measurements were used to assess the
annualised change.

Results Median AA annualised change was larger in

BAV versus TAV (0.33+0.65 mm/year vs 0.21+0.56 mm/
year, p=0.04). In the whole cohort, BAV phenotype

and higher low-density lipoprotein (LDL) levels were
significantly associated with fast progression of AA dilation
in univariate analysis (OR 1.80, 95% Cl 1.08 to 2.98,
p=0.02; 1.37,95% Cl 1.04 to 1.80, p=0.03, respectively).
AA dilation rate did not vary according to the BAV subtype
(p=0.142). Predictors of AA progression rate were different
between valve phenotypes, with higher apolipoprotein B/
apolipoprotein A- ratio, higher baseline peak aortic jet
velocity (Vpeak) and smaller baseline AA diameter in the

TAV cohort (all p<0.05) versus absence of hypertension,
higher LDL levels and smaller baseline AA diameter in
the BAV cohort (all p<0.02). In men, higher baseline Vpea
and smaller baseline AA (p<0.001) were independently
associated with increased annualised AA dilation, while in
women, higher LDL levels (p=0.026) were independently
associated with faster AA dilation.

Conclusion This study suggests that BAV is associated
with faster dilation of the AA. Predictors of AA dilation are
different between valve phenotype and sex, with higher
LDL levels being associated with faster AA dilation in BAV.

k

INTRODUCTION
Bicuspid aortic valve (BAV) is the most
common form of congenital heart disease,

! Sébastien Hecht @

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Some previous studies reported a faster dilation rate
in patients with bicuspid aortic valve (BAV), while
others reported no impact of valve phenotype on
ascending aorta (AA) dilation rate.

WHAT THIS STUDY ADDS

= BAV s associated with faster dilation of the AA com-
pared to tricuspid aortic valve (TAV). Predictors of AA
dilation are different between valve phenotype and
sex, with higher LDL levels being associated with
faster AA dilation in BAV.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Closer clinical and imaging follow-up should be
considered in patients with BAV dilation. Aggressive
management of dyslipidemia may contribute to pre-
vent or slow AA dilation in patients with BAV.

with a prevalence of approximately 1%-2%
in the general population." This congenital
abnormality is associated with a high risk of
developing aortic valve dysfunction (stenosis
or regurgitation)® and/or aortopathy.” * For
these reasons, patients with BAV represent
approximately 50% of those undergoing
aortic valve replacement (AVR).” © BAV-
related aortopathy is associated with a sixfold
to ninefold increased risk of aorta compli-
cations, such as aortic rupture or dissec-
tion.” Genetic, haemodynamic and struc-
tural factors have been suggested to explain
the higher prevalence of aorta dilation in
patients with BAV.*? However, the data on the
impact of valve phenotype on the progression
rate of ascending aorta (AA) dilation progres-
sion remain conflicting, with some studies
reporting an influence of valve morphology
on AA dilation rate,10 with a faster dila-
tion rate in patients with BAV, while others
reporting no impact of valve phenotype on
AA dilation rate."" It is important to note that
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these studies included a low number of patients with BAV.
Current guidelines for the treatment of AA dilation are
specifically tailored to patients with BAV.'?'?

The aims of the present study were to (1) evaluate the
impact of aortic valve phenotype on the rate of AA and
aortic root (AR) dilation; (2) determine which factors are
associated with faster AA dilation in BAV and in patients
with tricuspid aortic valve (TAV) and (3) assess the effect
of sex and BAV fusion type on dilation progression rates.

METHODS

Study population

310 patientswith atleastmild aortic stenosis (AS) recruited
in the prospective observational Metabolic Determinants
of the Progression of Aortic Stenosis (PROGRESSA) study
(Clinical trial register: NCT01679431) between 2005 and
2022 were included in this subanalysis. The design of the
PROGRESSA study has been described in detail."*"® The
study population was divided according to aortic valve
phenotype (patients with TAV: n=224; patients with BAV:
n=86). Demographic, clinical and Doppler echocardio-
graphic data were prospectively gathered yearly. Exclu-
sion criteria were symptomatic AS, moderate to severe
aortic regurgitation, significant mitral valve disease, rheu-
matic valvular disease or endocarditis, reduced ejection
fraction (<50%), previous aortic or mitral valve repair/
replacement, previous AA repair/replacement and
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pregnancy. Plasma levels of glucose, creatinine, N-ter-
minal pro-b-type natriuretic peptide (Nt-pro-BNP), high-
sensitivity troponin T, standard lipid profile, apolipopro-
tein B (apo B), apolipoprotein A-I (apo A-I) and standard
haematology profile were measured from fasting blood
samples using automated techniques standardised
by the Canadian reference laboratory. This study was
approved by the Quebec Heart and Lung Institute Ethics
Committee, and all patients signed a written informed
consent at the time of inclusion.

Doppler echocardiography data

Transthoracic echocardiographic examinations were
performed using commercially available ultrasound
systems at baseline and yearly following enrolment by
experienced sonographers. Aortic valve morphology
was assessed on a short-axis view according to the system
proposed by Michelena et al"’ (figure 1). The left
ventricular outflow tract (LVOT) diameter was measured
at the insertion of the aortic valve leaflets in a parasternal
long-axis zoom view. Stroke volume (SV) was calculated
by multiplying the LVOT area by the velocity time integral
obtained by pulsed wave Doppler in the LVOT. SV was
then indexed by body surface area (BSA) to obtain the
SV index. Haemodynamic parameters used to evaluate
AS severity were peak aortic jet velocity (Vpcak) measured
by continuous wave Doppler, mean transvalvular gradient
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Bicuspid leaflet fusion subtypes. Determination of bicuspid aortic valve leaflet fusion subtypes using parasternal

short axis echocardiographic view in systole and diastole based on the Michelena et al. classification. The white arrow indicates
the raphe. N, non-coronary leaflet; L, left coronary leaflet; R, right coronary leaflet.
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(MG) derived from the modified Bernoulli equation and
aortic valve area (AVA) calculated by the standard conti-
nuity equation. AA and AR dimensions were measured in
parasternal long axis view from leading edge to leading
edge, in a perpendicular fashion to the aorta in end-
diastole, according to the American Society of Echocardi-
ography and the European Association of Cardiovascular
Imaging recommendations.' ' AR diameter was meas-
ured at the sinus of Valsalva. Left ventricular ejection
fraction (LVEF) was measured using the Simpson biplane
method. Global left ventricular afterload was estimated
using valvulo-arterial impedance calculated according
to Briand et al® The energy loss index was calculated
according to the method proposed by Garcia et al.*!

Left ventricular (LV) mass was calculated by the modi-
fied American Society of Echocardiography formula and
subsequently indexed to BSA."® To accommodate for the
various follow-up times, aorta dilation was annualised
to better compare dilation rates between patients with
different follow-up durations. Annualised AA dilation
rate was defined as (AA diameter at last follow-up—-AA
diameter at baseline) /follow-up time. The same method
was used to evaluate AR annualised progression. Fast
progression of AA dilation was defined as a value above
the median annualised diameter variation (0.18 mm/
year) in the whole cohort. Finally, other echocardio-
graphic measurements were performed according to the
European Association of Cardiovascular Imaging and
American Society of Echocardiography guidelines.'®

Statistical analyses

Continuous variables were tested for normality by the
Shapiro-Wilk or the Kolmogorov-Smirnov tests and
presented as mean+SD. According to normal or non-
parametric distributions, a Student’s t-test or a Mann-
Whitney test was performed to evaluate differences
between groups. Categorical variables were expressed
as a number of patients (per cent) and compared using
the %* or Fischer’s exact test. Univariate and multivariate
linear and logistic regression analyses were performed
to determine factors associated with both AA and AR
dilation individually. The AA dilation rate was used in
these models in two forms: as a continuous variable and
as a dichotomous variable to separate patients with fast
progression and slow progression. Linear mixed-effects
models were used to show and compare AA and AR
diameters over time according to valve phenotype.” A
composite endpoint including all-cause mortality and
AVR was used to assess the association with AA dilation
using the Cox proportional hazards regression analysis.
Statistical significance was defined as p<0.05. Statistical
analyses were performed using SPSS V.29.0 (IBM Corpo-
ration, Armonk, New York, USA) and STATA V.17.0 (Stat-
aCorp, College Station, Texas, USA).

RESULTS

Baseline clinical and echocardiographic characteristics
Baseline patient characteristics according to valve pheno-
type are presented in table 1. Among the 310 patients
included in this study, 224 (72%) had TAV and 86 (28%)
had BAV. As expected, patients with BAV were signifi-
cantly younger, had a lower body mass index (BMI) and
had significantly less hypertension, diabetes and coro-
nary artery disease than patients with TAV (all p<0.001).
Patients with BAV also presented lower fasting glucose,
creatinine, NT-pro-BNP, high-sensitivity troponin and
triglycerides (all p<0.001). However, patients with BAV
had significantly higher low-density lipoprotein (LDL)
levels (p<0.001).

Baseline echocardiographic data according to valve
phenotype are presented in table 1. There was no signif-
icant difference between BAV and TAV concerning mek,
SV index and MG. Patients with BAV had lower LV mass,
relative wall thickness ratio and valvulo-arterial imped-
ance while having significantly larger AVA, indexed AVAi,
baseline AA and LVOT diameters (all p<0.05).

Annualised progression rate of AA dilation was signifi-
cantly higher in patients with BAV compared with patients
with TAV (0.21£0.56 vs 0.33+0.65mm/year, respec-
tively, p=0.043; figure 2 panel A). This association was
confirmed using linear mixed-effect models with signifi-
cantly faster dilation of AA in patients with BAV at 3 and
5 years of follow-up (figure 3 panel A). Separate linear
mixed-effect models were performed according to sex
(figure 3 panels B and C). There was no significant differ-
ence between patients with TAV and BAV in regard to AR
dilation rate (p=0.625) (online supplemental figure 1).
Linear mixed-effect models of AR dilation according to
sex can be observed in online supplemental figure 2. The
progression rate of AA and AR dilation according to valve
phenotype and sex is presented in online supplemental
figure 3.

Predictors of AA dilation

Whole cohort

Univariate and multivariate linear regression models
were performed using AA dilation as a continuous
variable (table 2). In univariate analysis, younger age
(standardised beta=-0.15+£0.01, p=0.007), absence
of hypertension (standardised beta=-0.19+0.08,
p<0.001), LDL levels (standardised beta=0.18+0.04,
p=0.001), Apo B/Apo A-lI ratio (standardised
beta=0.12+0.18, p=0.042) and smaller baseline AA
diameter (standardised beta=—0.17+0.01, p=0.003)
were associated with increased AA dilation rate. In a
multivariate analysis, including the former variables,
only a smaller baseline AA diameter remained signif-
icantly associated with AA dilation (standardised
beta=-0.19+0.01, p<0.001).

The cohort was also divided into two groups based
on AA dilation rate, categorised as slow progressors
(<0.18 mm/year) or fast progressors (=0.18mm/
year). In the whole cohort, 52 (60%) of the patients
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Table 1 Patient characteristics according to valve phenotype

Whole cohort TAV BAV
(n=310) (n=224, 72%) (n=86, 28%) P value
Clinical data
Age, years 63+14 708 48+14 <0.001
Male sex 222 (72) 172 (77) 50 (58) 0.001
Body mass index, kg/m? 28.4+4.4 28.9+4.4 27.0+4.2 <0.001
Hypertension 2 (77) 198 (88) 40 (47) <0.001
Metabolic syndrome 78 (25) 69 (31) 9(10) <0.001
Diabetes 75 (24) 78 (30) 7(8) <0.001
Coronary artery disease 202 (65) 174 (78) 28 (33) <0.001
Hypertension medication 215 (69) 182 (81) 33(38) <0.001
Hypolipidemic medication 199 (64) 170 (76) 29 (34) <0.001
Previous coarctation repair 4(1) 0(0) 4 (5) <0.001
Metabolic data
Fasting glucose, mmol/L 5.8+1.5 6.0+1.6 5.3+1.0 <0.001
Low-density lipoprotein, mmol/L 2.33+0.84 2.20+0.80 2.65+0.85 <0.001
High-density lipoprotein, mmol/L 1.45+0.40 1.44+0.41 1.49+0.38 0.111
Triglycerides, mmol/L 1.41+0.75 1.41+0.65 1.39+0.97 0.032
Apolipoprotein/apolipoprotein A1-I ratio 0.57+0.18 0.57+0.17 0.59+0.21 0.652
Creatinine, pmol/L 84+24 87+26 76+16 <0.001
N-terminal pro b-type natriuretic peptide, ng/L  164+223 201+237 68+145 <0.001
High sensitivity troponin, ng/L 10+7 11+7 5+3 <0.001
Echocardiographic data
Left ventricular outflow tract diameter, mm 22.3+2.2 21.8+1.9 23.4+2.6 <0.001
Peak aortic jet velocity, cm/s 273+51 275+50 269+54 0.191
Mean gradient, mm Hg 17.7+7.9 17.6+7.8 17.9+8.2 0.935
Aortic valve area, cm? 1.27+0.31 1.24+0.29 1.34+0.36 0.034
Indexed aortic valve area, cm?/m? 0.67+0.16 0.66+0.15 0.72+0.17 0.004
Stroke volume, mL 79+15 78+14 81+17 0.082
Stroke volume index, mL/m? 42+7 41+7 43+8 0.113
Left ventricular mass, g 198+51 201+48 188+59 0.042
Left ventricular ejection fraction, % 64+6 65=6 64+5 0.128
Relative wall thickness ratio 0.48+0.09 0.50+0.08 0.43+0.08 <0.001
Valvulo-arterial impedance, mm Hg/mL/m2 3.77+0.73 3.90+0.71 3.44+0.68 <0.001
Energy loss index, cm%/m? 1.130.61 1.10+0.58 1.21+0.66 0.112
Baseline aortic root diameter, mm 34.1+4.4 34.0+41 34.2+4.9 0.936
Baseline ascending aorta diameter, mm 35.5+5.1 34.5+4.3 37.9+6.1 <0.001
Annualised aortic root dilation, mm/year 0.25+0.82 0.25+0.89 0.27+0.60 0.625
Annualised ascending aorta dilation, mm/year 0.25+0.60 0.21+0.56 0.33+0.65 0.043

Continuous data are expressed mean+SD. Categorical data are expressed by number (per cent). P values refer to
comparison between BAV and TAV groups. Values in bold reach statistical significance (p<0.05).
BAV, bicuspid aortic valve; TAV, tricuspid aortic valve.

with BAV and 103 (46%) of the patients with TAV ~ phenotype (OR 1.80, 95% CI 1.08 to 2.98, p=0.02),
had a fast progression of the AA dilation (p=0.03).  younger age (OR 0.98, 95% CI 0.96 to 0.99, p<0.01)
The factors associated with the fast progression of AA  and higher LDL levels (OR 1.37, 95% CI 1.04 to 1.80,
dilation in univariate analysis are presented in online =~ p=0.03) were significantly associated with fast progres-
supplemental table 1. In the whole cohort, BAV  sion of AA dilation. No factors remained significantly
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Figure 2 Annualised AA dilation rate according to valve phenotype and fusion type. Box-plot representation of annualised AA
dilation rates. Panel A compares the AA dilation rate between bicuspid and tricuspid patients. Panel B compares AA dilation
rates according to the BAV subtype. AA, ascending aorta; BAV, bicuspid aortic valve; RC-LC, right-left coronary fusion; RC-NC,

right-non coronary fusion; LC-NC, left-non coronary fusion.

associated with fast AA dilation in a multivariate
model (all p>0.08).

Sex-specific analysis

Linear regression models were
performed for both men and women from the
whole cohort to identify the factors associated with
a faster progression rate of AA dilation as a contin-
uous variable (table 3). Multivariate linear regression
was adjusted for age, BAV, hypertension, glycaemia,
LDL levels, baseline Vpeak and baseline AA diameter.
In men, higher baseline Vpeak (p=0.015) and smaller
baseline AA (p<0.001) were independently associated
with increased annualised AA dilation. For women,
only higher LDL levels (p=0.026) were independently
associated with faster AA dilation. Logistic univariate
models according to sex can be seen in online supple-
mental table 2. Significant factors associated with fast
AA dilation in women were BAV (OR 3.47, 95% CI
1.42 to 8.49, p=0.006), younger age (OR 0.96, 95% CI
0.93 to 0.99, p=0.004) and LDL levels (OR 1.71, 95%
CI 1.02 to 2.86, p=0.043). No significant factors were
specifically identified for men.

multivariate

Valve phenotype analysis

The factors associated with the progression of AA
dilation as a continuous variable according to valve
phenotype are presented in table 4. In patients with
TAV, higher ApoB/ApoA-I ratio and higher baseline
VlDeak were associated with faster AA dilation (stand-
ardised beta=0.14+0.22, p=0.041; beta=0.16+0.01,
p=0.018, respectively). In patients with BAV, higher
LDL levels were associated with faster AA dila-

tion (standardised beta=0.25+0.08, p=0.016) and

hypertension was associated with slower AA dilation
(standardised beta=—0.27+0.14, p=0.013). Smaller
baseline AA diameter was associated with faster AA
dilation in both patients with TAV and BAV (stand-
ardised beta=-0.14+0.01, p=0.027; beta=—0.31+0.01,
p=0.003, respectively). Factors associated with fast AA
dilation according to valve phenotype are presented
in online supplemental table 3.

Progression of AA and AR dilation according to sex
and valve phenotype can be seen in online supplemental
figure 3.

Types of aortic valve fusion and aorta dilation

Among the 86 patients with BAV included in the
present study, fusion type was available in 80 patients
(two sinus BAV n=5; right-left coronary fusion n=56,
right non-coronary fusion n=13; left non-coronary
fusion n=6). There was no significant difference
in AA dilation rate between fusion types (p=0.142;
figure 2 panel B). AS severity progression rates were
also similar between cusp fusion types (p=0.540). The
same analysis was conducted for aortic root (AR)
dimensions (online supplemental figure 2), and no
significant differences were observed (p=0.960).

Clinical outcomes

During a median follow-up of 4.01 (95% CI 2.26 to
5.00) years, 121 (37%) patients underwent AVR (92
(76%) TAV and 29 (24%) BAV), 55 (17%) died (50
(91%) TAV and 5 (9%) BAV) and 159 (128 (80%)
TAV and 31 (20%) BAV) patients met the composite
endpoint of AVR or all-cause mortality. Of those who
underwent AVR, 21 had combined AVR and AA inter-
ventions (9 TAV and 12 BAV). No aortic dissection

Fleury M-A, et al. Open Heart 2024;11:¢002912. doi:10.1136/openhrt-2024-002912
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Figure 3 Linear prediction models of AA size according to
aortic valve phenotype and sex. Evolution of AA diameter
during follow-up according to valve phenotype using linear
mixed models. Panel A demonstrates statistically faster

AA dilation in patients with BAV at 4 and 5 years of follow-
up. Panel B is a subanalysis including only male patients
showing no statistical differences. Panel C is a subanalysis
that includes only female patients showing faster AA dilation
in BAV women at 4 and 5 years. AA, ascending aorta; BAV,
bicuspid aortic valve; TAV, tricuspid aortic valve.

occurred, and no patient underwent surgery for
isolated AA intervention. Factors associated with the
composite endpoint of death or AVR are presented in
table 5. In univariate and multivariate analysis, only

age was significantly associated with the composite
clinical endpoint (p<0.001). After multivariate adjust-
ments, aortic valve phenotype was not significantly
associated with the risk of clinical events.

DISCUSSION

The main findings of this study are that (1) BAV is asso-
ciated with faster dilation of the AA but not of the AR;
(2) factors associated with faster AA dilation are different
between valve phenotype and sex: higher Apo B/Apo
Al ratio, higher baseline V. and smaller baseline AA
diameter are associated with faster AA dilation in the TAV
cohort versus absence of hypertension, higher LDL levels
and smaller baseline AA diameter in the BAV cohort; (3)
predictors of AA dilation were different between sexes,
with LDL levels for women and baseline V_, and AA
dimensions for men.

Differences between baseline characteristics (age, sex,
comorbidities, etc) of patients with BAV and TAV were
expected since BAV with AS is a congenital heart disease
that occurs earlier in life and is more prevalent in men
versus women. Our study confirms the results of a previous
study'” showing that BAV is associated with faster AA dila-
tion compared with TAV. Furthermore, patients with BAV
had larger AA diameters at baseline; hence, for these two
reasons, patients with BAV may reach AA dilation thresh-
olds proposed in the guidelines to trigger intervention
earlier than in patients with TAV. In previous studies,
BAV fusion type has been associated with the type and
progression rate of aortopathy.”” ** In the present study,
we did not find an association between BAV fusion type
and AA dilation rate, but this analysis was limited by the
small number of patients in some BAV fusion subtypes.

The counterintuitive inverted association between
hypertension and AA dilation may be explained by the
fact that patients with a diagnosis of hypertension are
generally treated with medications targeting the renin-
angiotensin system, which have been shown to be protec-
tive for aorta dilation in different diseases, including
Marfan syndrome.* *

The most intriguing finding of this study is the asso-
ciation between circulating lipoproteins and faster
AA dilation, particularly in patients with BAV. Other
previous studies also reported that higher levels of
triglyceride-rich lipoproteins®” or cholesterol® are
associated with AA dilation in patients with BAV. It
is also of note that patients with BAV in this study
had significantly less hypolipemic treatment than
patients with TAV, without being above the treatment
threshold. Thus, patients with BAV had higher LDL
and triglyceride levels than patients with TAV, who
were more likely to have hypolipidemic treatment.
A recent clinical trial has, however, shown that treat-
ment with atorvastatin was inefective in reducing the
progression of AA dilation.*

The previously mentioned association between lipo-
proteins and AA dilation was most notable in women,

6

Fleury M-A, et al. Open Heart 2024;11:¢002912. doi:10.1136/0penhrt-2024-002912



Aortic and vascular disease

Table 2 Univariate and multivariate linear regression models of ascending aorta dilation as a continuous variable for the

whole cohort

Univariate Multivariate
Standardised
Standardised beta+SE P value beta+SE P value

Age, years -0.15x0.01 0.007 -0.09+0.01 0.165
Sex -0.03+0.07 0.567

Bicuspid aortic valve 0.09+0.08 0.118

Hypertension -0.19+0.08 <0.001 -0.11+0.09 0.085
History of smoking —-0.01+0.07 0.841

Diabetes —0.10+0.08 0.066

Glycaemia, mmol/L -0.11+0.02 0.058

Body mass index, kg/m2 —0.06=+0.01 0.297

Body surface area, m? 0.01+0.16 0.860

Low-density lipoprotein, mmol/L 0.18+0.04 0.001 0.10+0.05 0.158
Apolipoprotein B/apolipoprotein A1-I ratio 0.12+0.18 0.042 0.06+0.22 0.351
High-density lipoprotein, mmol/L —-0.07+0.09 0.209

Triglycerides, mmol/L 0.09+0.05 0.139

Systolic blood pressure, mm Hg —0.09+0.01 0.124

Diastolic blood pressure, mm Hg —-0.01+0.01 0.800

Valvulo-arterial impedance, mm Hg/mL/m? —0.01+0.05 0.954

V. baseline, cm/s 0.110.01 0.062

AV, CM/s 0.06+0.01 0.328

Ascending aorta diameter, mm -0.17=0.01 0.003 -0.19+0.01 <0.001

Values in bold reach statistical significance (p<0.05).
V .o PEK aortic jet velocity.

Table 3 Linear multivariate regression models of ascending
aorta dilation as a continuous variable according to sex

Men Women
Standardised Standardised
betaxzSE P value betazSE P value
Age, years —0.13+0.01 0.197 —0.09+0.01 0.582
Bicuspid aortic  —0.02+0.14 0.877 0.15+0.19 0.348
valve
Hypertension —0.09+0.11 0.211 -0.11+0.15 0.380
Glycaemia, —0.07+0.03 0.300 —0.10+0.05 0.356
mmol/L
Low-density 0.09+0.05 0.209 0.24+0.07 0.026
lipoprotein,
mmol/L
Peak aortic jet  0.16x0.01 0.015 —0.07+0.01 0.518
velocity, cm/s
Ascending aorta —0.28+0.01 <0.001  -0.09+0.02 0.462
diameter, mm

Values in bold reach statistical significance (p<0.05).

suggesting that lipoprotein management could be crucial
in women, particularly.

Clinical implications

The results of this study suggest that treating comor-
bidities and in particular dyslipidemia, may help to
prevent or slow AA dilation in patients with BAV. In
our cohort, patients with BAV had mean LDL levels
of 2.65+0.85 mmol/L and thus the vast majority are
therefore within the target for primary prevention
(<4.6 mmol/L) and would not require lipid-lowering
therapy according to guidelines.” However, in light
of the results of this study and others, more aggres-
sive targets, that is, targets for secondary prevention
(<1.8mmol/L), should be considered in patients
with BAV.

Study limitations

The number of patients included in our analysis is
higher than what was published in previous studies but
still remains low. This could limit the statistical power
of our analysis, specifically when analysing subgroups of
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Aortic and vascular disease

Table 5 Univariate and multivariate cox proportional hazard regression model for factors associated with the composite

endpoint of aortic valve replacement and death

Univariate model

Multivariate model

HR (95% CI) P value HR (95% CI) P value
Age, per year increase 1.02 (1.01 t0 1.03) <0.001 1.03 (1.01 to 1.05) 0.003
Female sex 0.80 (0.55t0 1.16) 0.226 0.88 (0.59 t0 1.30) 0.515
Bicuspid aortic valve 0.73(0.49 t0 1.08) 0.099 1.43[0.78 t0 2.63) 0.245
AA diameter 1.01 (0.98 to 1.05) 0.413 1.00 (0.97 to 1.04) 0.830
Fast progression of AA dilation 0.84 (0.61 to 1.15) 0.271 0.91 (0.65 10 1.25) 0.550

Fast progression of AA dilation=annualised progression above 0.18 mm/year. Values in bold reach statistical significance (p<0.05).

AA, ascending aorta ; HR, hazard ratio.

patients. The absence of differences in AA dilation found
between valve fusion types could be explained by this low
number of patients. Furthermore, the results presented
in this study only apply to patients with AS and cannot
be extrapolated to all patients with BAV with normofunc-
tional valves or with significant aortic regurgitation. Addi-
tional analysis should be done in this specific group of
patients to evaluate the factors associated with AA dila-
tion. In addition, we used echocardiographic parameters
to measure AA diameter, but this imaging technique is
not optimal for measuring the aorta. MRI or contrast
computed tomography (CT) scans, the gold standard for
measuring the aorta, were not available for all patients
and therefore could not be used in this study.

CONCLUSION

This study suggests that BAV is associated with faster dila-
tion of the AA. Predictors of AA dilation are different
between valve phenotype and sex, with higher LDL levels
and ApoB/Apo A-I ratios being associated with faster
AA dilation in BAV and TAV, respectively. These find-
ings provide support for the aggressive management of
dyslipidemia in patients with BAV to prevent or slow the
progression of AA dilation.
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