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Abstract
Objective Bicuspid aortic valve (BAV) is associated with
early valvular dysfunction and proximal aorta dilation
with high heterogeneity. This study aimed to assess the
determinants of these complications.
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Results Three BAV morphotypes were identified:
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coronary (RN) in 24.1% and left–non-coronary (LN)
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in 3.0%. BAV without raphe was observed in 18.3%.
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Multivariate analysis showed aortic regurgitation (23%)
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to be related to male sex (OR: 2.80, p<0.0001) and
valve prolapse (OR: 5.16, p<0.0001), and aortic stenosis
(22%) to BAV-RN (OR: 2.09, p<0.001), the presence of
raphe (OR: 2.75, p<0.001), age (OR: 1.03; p<0.001),
dyslipidaemia (OR: 1.77, p<0.01) and smoking (OR:
1.63, p<0.05). Ascending aorta was dilated in 76%
without differences among morphotypes and associated
with significant valvular dysfunction. By contrast, aortic
root was dilated in 34% and related to male sex and
aortic regurgitation but was less frequent in aortic
stenosis and BAV-RN.
Conclusions Normofunctional valves are more
prevalent in BAV without raphe. Aortic stenosis is
more frequent in BAV-RN and associated with some
cardiovascular risk factors, whereas aortic regurgitation
(AR) is associated with male sex and sigmoid prolapse.
Although ascending aorta is the most commonly dilated
segment, aortic root dilation is present in one-third of
patients and associated with AR. Remarkably, BAV-RL
increases the risk for dilation of the proximal aorta,
whereas BAV-RN spares this area.
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(http://d x.doi.o rg/10.1136/
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Bicuspid aortic valve (BAV) is the most common
congenital heart abnormalities. This condition is
associated with significant valvular disease including
aortic valve stenosis, regurgitation and infective
endocarditis and with many vascular abnormalities

such as ascending aorta dilation or coarctation of
the aorta.1–4 The prevalence of ascending aorta dilation among patients with BAV ranges from 20% to
84% depending on the study population.5–8 This
aortopathy bears an increased risk of life-threatening complications such as rupture and dissection.1–3 Community studies showed that, 20 years
after diagnosis, aortic valve surgery or some type
of cardiovascular surgery was required in approximately 25% of patients.7 8 Although most BAV are
predisposed to progressive and accelerated calcification, little is known on variables related to significant valvular dysfunction.9 Similarly, several studies
reported significant disparities in the relationship
between valve characteristics and ascending aorta
dilation.10–14 Discordant results may be due to the
retrospective design of studies, small series with
different study population characteristics and the
use of different measurement methods or normal
size values.
The aim of the present study was to assess the
main determinants of valvular dysfunction and
aorta dilation in a large series of patients with BAV.

Methods
Study population

Nine hundred and ten consecutive adults (age ≥18
years) diagnosed of BAV referred from cardiac
outpatient clinics to echocardiographic laboratories between 2012 and 2015 were prospectively
recruited from eight tertiary hospitals. Patients were
not included if there was evidence of previous aortic
valvuloplasty, corrective aortic surgery, aortic valve
endocarditis, aortic coarctation or other congenital aortic diseases. Fifty-six of the 908 patients
were excluded since a definitive diagnosis of BAV
could not be established owing to suboptimal
image quality. The study population comprised 852
patients. This prospective study was approved by
the institutional review board of each hospital.

Echocardiography

Echocardiographic studies were performed with
harmonic imaging at all institutions. Complete
echocardiographic studies were conducted by
expert echocardiographers at each centre following
a predefined protocol. Images were stored in DVD
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Statistical analysis

Continuous demographic variables were expressed as mean±SD.
The Kolmogorov-Smirnov test was used to evaluate the normal
distribution of variables. Intergroup differences for continuous
parameters were assessed by Student’s t-test if they presented
a normal distribution or analysis of variance with Bonferroni
correction for multiple comparisons, and Mann-Whitney U test
if they did not present a normal distribution. For categorical
Evangelista A, et al. Heart 2018;104:566–573. doi:10.1136/heartjnl-2017-311560

variables, general characteristics of the sample were assessed by
percentages (χ2 test). Multivariate linear regression analysis with
a forward selection procedure was used to identify independent
variables associated with aortic root or ascending aorta dilation;
however, multivariate logistic regression analysis was made to
identify factors associated with valvular dysfunction. Variables
were entered in the model if p<0.25 on univariate analysis.
Definitive BAV cases in which morphotype classification or
the presence of raphe were not definitively established were
included in the study but excluded from univariate or multivariate analyses. A two-tailed p value <0.05 was considered statistically significant. SPSS V.19.0 software version was used for the
analysis.

Results
Patient characteristics and BAV phenotypes

Characteristics of the 852 patients (mean age: 47.4±16.8 years;
70.2% male) enrolled in our cross-sectional multicentre study
are shown in table 1. BAV-RL was significantly more frequent
(72.9%) than BAV-RN (24.1%) and BAV-LN (3.0%). Pure BAV
without raphe was observed in 18.3% of cases. BAV morphotype was not definitively established in 43 patients (5%) nor the
presence of raphe in 64 (7.5%). No differences in demographic
variables or the presence of raphe among valvular morphotypes
were observed.

Factors associated with valvular dysfunction

Sigmoid prolapse was diagnosed in 110 (12.9%) patients and
significant valve calcification in 210 (24.6%). Compared with
BAV-RL, BAV-RN more frequently showed valve prolapse
(22.1% vs 10.5%; p<0.0001) and valve calcification (31.8%
vs 23.2% p<0.01) (table 1). Several demographic variables
were related to valve calcification: age (56.1±13.2 years vs
44.4±16.9; p<0.001), arterial hypertension (38.4% vs 21.1%;
p<0.001), dyslipidaemia (45.9% vs 20.8%, p<0.001), diabetes
(52.3% vs 25.3%, p<0.001) and smoking (45.1% vs 25.9%,
p<0.001). Calcification was also more frequent in BAV with
raphe (28.9% vs 16.9%, p=0.002) and BAV-RN and BAV-LN
than in BAV-RL (p=0.02).
Absence of significant valvular dysfunction was established in
467 (54.8%) patients, significant AR in 201 (23.6%), 56 of them
severe (27.8%), and significant AS in 184 (21.6%), 75 of them
severe (40.8%) (online supplementary table 1). The relationship
between valvular dysfunction and demographic and valve characteristics is shown in table 2. On multivariate analysis, variables
independently related to AS were age, dyslipidaemia, smoking,
presence of raphe and BAV-RN, and those related to AR were
male sex and the presence of sigmoid prolapse. AR was more
prevalent in men (28.3% vs 12.6%; p<0.001) (online supplementary table 2). When valvular dysfunction by age was considered, AR was more prevalent in young patients and AS in older
patients (figure 1). Patients with valve raphe presented AS
more frequently than patients without raphe (25.8% vs 11.1%,
p<0.001) (table 3).

Variables related to aortic dilation and aorta phenotype

Aorta dilation was diagnosed in 663 patients (76.1%), aortic
root in 282 (33.9%) and/or ascending aorta in 632 (76.1%). In
only 21 cases (2.5%) could aortic diameters not be measured. No
differences were found between BAV morphotypes and ascending
aorta diameter. However, BAV-RN showed a smaller aortic root
diameter than BAV-RL (34.3±5.3 mm vs 37.5±5.6 mm; p<0.01)
and larger arch diameter (33.3±6.3 mm vs 30.9±5.1 mm;
567
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and sent to a core lab (Hospital Vall d'Hebron) where two expert
echocardiographers analysed and measured all the studies.
Doubtful images were discussed and diagnosed by consensus.
BAV was defined as the presence of two cusps and commissures,
with or without raphe in either structure. Each aortic valve was
analysed and characterised in systole and diastole. Diagnosis was
established by the systolic fish-mouth appearance of the orifice
in parasternal short axis views using a zoom tool. Valve morphotype was categorised as right and left (RL) coronary cusps fusion
(anteroposterior BAV), the right coronary and non-coronary
(RN) cusps fusion (right–left BAV) and the left coronary and
non-coronary (LN) cusps fusion. Comprehensive echo Doppler
examination was performed to assess valvular dysfunction
severity. Based on current guidelines, valvular dysfunction was
defined as none, mild, moderate or severe aortic stenosis (AS) or
aortic regurgitation (AR). Patients with mixed BAV disease were
classified according to the predominant functional valve lesion.
Patients were categorised according to the degree and type of
valvular dysfunction in a non-significant group (normally functioning, mild AS or mild AR), an AS-dominant group (patients
with moderate or severe AS) and an AR-dominant group
(patients with moderate or severe AR). The degree of valvular
calcification or sigmoid prolapse was established and reported
in all cases.
Aortic coarctation was ruled out by assessing abdominal aorta
flow in long axis view (continuous flow pattern) and proximal descending aorta flow by colour and continuous Doppler
by suprasternal view. Calcified aortic valve was considered
when more than mild and localised calcification was visualised
according to the Yousry classification.15
The ascending aorta was measured by two-dimensional echocardiography using the parasternal long axis view. Further cephalad segments of the ascending aorta were imaged by moving the
transducer up 1 or two interspaces and the aortic arch via suprasternal notch. Aortic diameter was measured at the annulus, root
(maximum dilation of Valsalva sinuses), sinotubular junction
(STJ) and ascending aorta at the level of maximum ascending
aorta diameter; the proximal aortic arch was measured via suprasternal or supraclavicular window. Measurements of the aortic
root, STJ, ascending aorta and arch were taken using the leading
edge to leading edge convention in end-diastole (online supplementary figure 1). The aortic annulus was measured by the inner
edge to inner edge convention at end-systole. Normal aorta size
was defined by the reference values reported for the aortic root
and ascending aorta based on established guidelines, considering
age, body size and sex.16 Significant aorta dilation was considered when aorta diameter was >45 mm given that this diameter
can generate clinical decision making in patients with surgical
indication.
The aorta phenotype classification included in this study was
assigned according to the segment of the vessel with the largest
diameters: ‘ascending aorta’ type, if the diameter distal to the
STJ exceeded that at the root, and ‘root’ type if the maximum
diameter observed was at the level of the sinuses.17

Valvular heart disease
Baseline characteristics of the study participants according to BAV morphotype
All patients
n=852

BAV-RL
n=590
(72.9%)

BAV-RN
n=195
(24.1%)

BAV-LN
n=24
(3.0%)

p Value

 Age, years

47.4±16.8

47.6±17.1

46.4±16.1

49.6±15.6

0.425

 Male, n (%)

598 (70.2)

425 (72.0)

132 (67.7)

16 (66.6)

0.423

 BSA, kg/m2

1.85±0.2

1.86±0.1

1.83±0.2

1.85±0.2

0.075

 Smoking, n (%)

239 (28.1)

167 (28.3)

65 (33.3)

5 (20.8)

0.235

 Hypertension, n (%)

260 (30.1)

194 (32.9)

56 (28.7)

8 (33.3)

0.201

44 (5.2)

27 (4.6)

14 (7.2)

2 (8.3)

0.196

185 (21.7)

132 (22.4)

43 (22.1)

8 (33.3)

0.921

 Raphe, n (%)

644 (75.6)

467 (79.2)

146 (74.9)

 Sigmoid prolapse, n (%)

110 (12.9)

62 (10.5)

 Valve calcification, n (%)

210 (24.6)

 Normofunctional, n (%)

Variable
Demographics and clinical data

 Diabetes mellitus, n (%)
 Dyslipidaemia, n (%)
Valve abnormality and dysfunction

20 (83.3)

0.066

43 (22.1)*

4 (16.7)

0.0001

137 (23.2)

62 (31.8)***

9 (37.5)

0.022

467 (54.8)

327 (55.4)***

93 (47.7)

12 (50.0)

0.015

 AS, n (%)

184 (21.6)

117 (19.8)

58 (29.7)**

6 (25.0)

0.004

 AR, n (%)

201 (23.6)

146 (24.8)

44 (22.6)

6 (25.0)

0.534

 Aortic annulus, mm

23.3±3.3

23.4±3.3

23.1±3.2

22.5±4.3

0.246

 Aortic root, mm

36.7±5.7

37.5±5.6*

34.3±5.3

38.9±6.8

0.0001

 STJ, mm

30.5±6.4

30.9±6.4**

29.0±6.1

31.4±8.8

0.0001

 Ascending aorta, mm

40.6±7.6

41.2±7.6

39.9±7.4

40.1±7.5

0.052

 Aortic arch, mm

31.6±5.5

30.9±5.1

33.3±6.3*

33.9±5.9

0.0001

 Aortic dilation

663 (79.8)

486 (83.1)**

145 (74.4)

19 (79.2)

0.037

 Root dilation phenotype

122 (14.7)

101 (17.1)*

10 (5.1)

7 (29.2)

0.001

 Ascending aorta dilation phenotype

541 (65.1)

385 (65.3)

135 (69.2)

Aortic diameter, dilation and morphotype

12 (50)

0.131

*BAV-RL versus BAV-RN: *p<0.001; **p<0.01; ***p<0.05.
AR, aortic regurgitation; AS, aortic stenosis; BAV, bicuspid aortic valve
BSA, body surface area; LN, left coronary and non-coronary; RL, right and left; RN, right coronary and non-coronary; STJ, sinotubular junction.

p<0.01). By contrast, BAV-LN showed similar aortic root diameters to BAV-RL (38.9±6.8 mm) and aortic arch diameters to
BAV-RN (33.9±5.9 mm) (table 1). Aortic root and maximum
ascending aorta diameters by age in BAV-RL versus BAV-RN are
shown in figure 2. Maximum aortic root diameter was larger in
patients with AR compared with AS or non-significant dysfunction (39.0±5.9 mm, 36.1±5.4 mm, 35.8±5.5 mm, respectively;
p<0.0001), and maximum ascending aorta in AS compared
with the remaining groups (43.7±7.4 mm, 41.5±7.1 mm and
38.9±7.5 mm; p<0.0001) (online supplementary table 1).
Univariate and multivariate analyses among aortic root and
ascending aorta dilation and demographic, valve characteristics
and valvular dysfunction are shown in (online supplementary
table 3). In patients with aorta dilation, aortic root phenotype
was observed in 122 (18.4%) and ascending aorta phenotype
in 541 (81.6%). Aortic root phenotype was independently associated with younger age, male sex and AR and less frequently
associated with BAV-II and AS, and ascending aorta phenotype
with age, female sex and AS (table 4). Distribution of aorta dilation phenotypes in relation to valvular morphotype and valvular
dysfunction is shown in figure 3. In patients without aortic dilation, ascending aorta phenotype was also present in 91 (54.2%)
of 168 patients, being more frequent in BAV-RN than in BAV-RL
(73.4% vs 45.5%, respectively; p<0.01).
Significant aorta dilation (>45 mm) was observed in 261
(31.3%) patients, 66 (7.9%) was in aortic root and/or 212
(25.5%) in ascending aorta. In 79 (9.3%) patients, aorta dilation
was >50 mm. In the multivariate analysis, variables related to
significant aortic root dilation were age, male sex and AR, with
568

BAV-RN being less frequent, and variables related to significant
ascending aorta dilation were age, AR and AS (online supplementary table 4).

Discussion

This large prospective study of an adult BAV population found
significant heterogeneity in valvular dysfunction and aorta dilation depending on valve characteristics and several risk factors.
AR was associated with male sex and valve prolapse and AS
with several cardiovascular risk factors, presence of raphe and
BAV-RN morphotype. Ascending aorta dilation was common,
71% in normofunctional and 86% in dysfunctional valve, with
no differences among valve morphotypes. By contrast, aortic root
dilation was present in only 34% of patients and strongly associated with AR. BAV-RN morphotype spared aortic root dilation
but had significant arch enlargement compared with BAV-RL.
Characteristically, patients with aortic root dilation phenotype
were younger, more likely to be male, had increased frequency
of AR but low frequency of AS and BAV-RN morphotype.

Valvular dysfunction

BAV is prone to premature fibrosis, stiffening and calcium
deposition. Stenotic calcification of a BAV is accelerated and
may appear one decade earlier than that of a tricuspid aortic
valve.9 In the present study, moderate to severe valve calcification was identified in 27% of cases and related to conventional
risk factors: age, arterial hypertension, dyslipidaemia, diabetes
and smoking. Although few studies analysed the predictors of
Evangelista A, et al. Heart 2018;104:566–573. doi:10.1136/heartjnl-2017-311560
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Table 1

0.001

0.601

1.390

0.470

2.094

1.316

3.154
473 (70.8)
117 (63.5)

3.685

0.001
4.743
1.483
2.652
0.0001
478 (71.5)
166 (90.2)

137 (20.5)

18 (2.6)
6 (3.2)

0.001

58 (31.5)

0.551
0.003
98 (14.6)
12 (6.5)

valve degeneration in BAV, Michelena et al,7 in a community
study, showed age, dyslipidaemia and the presence of raphe to
be associated with valve degeneration. Based on these findings, a
control of cardiovascular risk factors and some pharmacological
treatment such as statin therapy could be beneficial and reduce
or delay the degeneration of the BAV.18
In addition to the known male predominance in BAV, we,
like others, found a higher prevalence of AR in men14 17 19 and
normofunctional valves in women, with a similar prevalence of
AS in both sexes. While a clear explanation for this sex difference
is lacking, it has also been reported in some surgical series,.20
BAV, bicuspid aortic valve; LN, left coronary and non-coronary; RN, right coronary and non-coronary; RL, right and left.

18 (2.9)
6 (3.1)
BAV-LN, n (%)

151 (24.6)
44 (22.4)

146 (74.5)
BAV-RL, n (%)

BAV-RN, n (%)

444 (72.4)

0.824

0.672
480 (74.0)
164 (81.6)

Valve morphotype

Presence of raphe, n (%)

3.230
0.0001
46 (7.1)
64 (31.8)
Sigmoids prolapse, n (%)

Smoking, n (%)

57 (28.4)

182 (29.0)

0.719

5.129

8.145

1.275
0.483
0.785
0.032
150 (23.0)
35 (17.4)
Dyslipidaemia, n (%)

0.015

0.022

0.085
1.085

0.011

1.548
76 (41.3)

0.001

0.280

2.253

0.373

163 (24.4)

1.064

2.680
0.327

73 (40.1)

1.743
0.001
112 (17.1)

1.134

0.333
1.247

2.754
0.684
1.373
0.001

0.521
0.806
0.004

24 (4.1)

185 (28.1)
75 (41.2)

20 (11.1)
0.166

0.683

0.180

1.722
0.701

0.046

0.491

205 (31.4)

39 (6.1)
5 (2.4)

55 (27.4)
Hypertension, n (%)

Diabetes mellitus, n (%)

0.250

1.098

1.344

0.001
1.046
1.018
0.0001

0.785

45.2±16.5

470 (70.4)

55.2±15.3
0.382
1.007
0.982

1.780

0.0001

0.994

429 (65.9)

48.6±16.9
43.2±16.2

169 (84.1)
Male, n (%)

Age, years

0.0001

2.771

4.313

0.001

128 (69.6)

1.032

Upper
Lower

95% CI OR

OR
p Value
No aortic stenosis
n=668
Upper
Lower
OR
Variable

Aortic regurgitation
n=201

No aortic regurgitation
n=651

p Value

95% CI OR

p Value

Aortic stenosis
n=184

Multivariate analysis
Univariate analysis

Aortic stenosis

Multivariate analysis
Univariate analysis

Aortic regurgitation

Univariate and multivariate analysis for valvular dysfunction in patients with BAV
Table 2

Figure 1 Prevalence of valvular dysfunction according to age. When
valvular dysfunction by age was considered, AR was more prevalent in
young patients and AS in older patients. AR, aortic regurgitation; AS,
aortic stenosis.
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Table 3 Patient’s characteristics, valve dysfunction, aortic diameters
and dilation according to the presence of raphe

Variable

No raphe
n=144
(18.8%)

Raphe
n=644
(81.2%)

p Value

Demographics and clinical data
 Age, years

46.2±17.2

47.6±16.7

0.32

 Female, n (%)

93 (65)

465 (72)

0.08

 BSA, kg/m2

1.83±0.22

1.85±0.19

0.50

 Smoker, n (%)

16 (11.8)

91 (14.4)

0.496

 Hypertension, n (%)

50 (36.5)

201 (31.5)

0.269

 Non-significant, n (%)

94 (65.3)

314 (48.7)

0.001

 AS dominant, n (%)

16 (11.1)

166 (25.8)

 AR dominant, n (%)

34 (23.6)

164 (25.4)

 Aortic annulus, mm

23.6±3.3

23.2±3.3

0.174

 Aortic root, mm

37.1±6.3

36.8±5.6

0.515

 STJ, mm

31.1±6.0

30.4±6.5

0.071

 Ascending aorta, mm

40.6±7.1

41.1±7.6

0.652

 Aortic arch, mm

30.1±5.55

31.7±5.5

0.238

 Non-dilation, n (%)

22 (15.3)

121 (18.8)

0.341

 Root dilation, n (%)

60 (41.7)

214 (33.2)

0.066

 Ascending aorta dilation, n (%)

116 (81.1)

498 (77.6)

0.373

Valve dysfunction

Aortic diameter

Aortic dilation

AR, aortic regurgitation; AS, aortic stenosis; BSA, body surface area; STJ, sinotubular
junction.
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The relationship between BAV phenotype and valvular
dysfunction has been described, with controversial results. In
our series, BAV-RN was found to be associated more often with
valve calcification and AS. Although clinical research based on
a presurgical cohort found no such correlation,10–12 an association between BAV-RN and AS was reported in other series. Pure
BAV without raphe was diagnosed in around 20% of cases and
showed a lower prevalence of valvular dysfunction.11–13 Similar
results were reported in a recent large retrospective study;
however, in that series, patients with raphe were older and with
higher risk factor prevalence.21 The main location of calcification is often in the raphe, which may be a major factor leading
to valve degeneration and AS. However,3,17 the most common
mechanisms leading to chronic regurgitation in BAV, acting
either alone or in combination, are annular dilation and cusp
prolapse or retraction. In our series, AR was more frequent in
male sex and associated with sigmoid prolapse.

Aorta dilation and related factors
Aorta dilation is a common finding in patients with BAV. Several
studies reported a prevalence ranging from 16% to 78% at the
sinus of Valsalva and 33%–68% at the ascending aorta.1–3 5 6 11 14 17
In the present study, the aortic root was dilated in 34% of cases
and ascending aorta in 76%, and ascending aorta dilation did
not differ between BAV-RL and BAV-RN morphotypes. Controversial data exist regarding the relationship between BAV
morphology and aorta dilation due to different study populations, measurement methods or the threshold used to define
dilation in each study.10–12 17 22 However, BAV-RN spared aortic
root dilation (18% vs 39%) and presented a larger aortic arch
size than BAV-RL. Patients with BAV-LN, a morphotype not
included in most studies, had similar aortic root dilation to those
with BAV-RL and arch diameter to those with BAV-RN.
570

Concurring with other series, AR was independently associated with aortic root dilation5 8 22 and both AR and AS with
ascending aorta dilation.4 5 8 We found males had a higher prevalence of root phenotype. This root phenotype was also associated with younger age but with the presence of AR and absence
of AS. This infrequent aorta phenotype has been proposed as the
form of bicuspid aortopathy most likely to be associated with a
genetic cause and may represent a higher risk condition.11 17 A
recent meta-analysis demonstrated a 10-fold higher risk of aortic
dissection in BAV patients who undergo isolated AVR for AR
compared with AS.23
In our series, 30% of patients with normofunctional valve had
aortic root dilation and 70% ascending aorta dilation. Dilation of
the tubular part, even with a normally functioning valve, was also
considered a strong argument in favour of the existence of genetically determined forms of aortopathy.2–5 24 However, Robicsek
et al25 found the clinically normal BAV to be in fact morphologically stenotic and producing eccentric turbulent transvalvular
flow. Girdauskas et al26 showed comparable correlation patterns
between functional aortic root parameters and severity/expression of aortopathy in patients with bicuspid versus tricuspid
aortic valve stenosis, thereby supporting the fact that aortopathy
may be the haemodynamically triggered phenomenon. Recent
four-dimensional flow MRI studies showed different helical flow
in the aortic root and ascending aorta depending on the valvular
morphotype of normofunctional BAV27 28; these eccentric jets
lead to a differential distribution of aortic wall shear stress and
subsequent vascular remodelling of the aortic wall.23 We found
significant aortic root dilation (>45 mm) to be related to age,
male sex and significant AR, whereas ascending aorta dilation
(>45 mm) was related to age and significant AR and AS, thereby
suggesting that haemodynamic abnormalities secondary to
valvular dysfunction may produce an additional effect on aorta
dilation.29
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Figure 2 Aortic diameters according to age. Graph representing mean aortic diameters at the level of the aortic root, ascending aorta and aortic
arch in patients with BAV-RL and BAV-RN. Note the homogeneous enlargement of the diameters over time in the three aorta segments. However,
while ascending aorta diameters were similar between BAV types, aortic root diameters were consistently larger in BAV-RL and aortic arch diameters
in patients with BAV-RN. Table shows mean and CIs of aortic diameters according to age at the three different aorta levels. BAV, bicuspid aortic valve;
RL, right and left; RN, right coronary and non-coronary.
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Non-dilated aorta
168 (20.2%)

Dilated aorta
663 (79.8%)

Aortic root
77 (45.8%)

Ascending aorta
91 (54.2%)

p Value

Aortic root
122 (18.4%)

Ascending aorta
541 (81.6%)

p Value

Age, years

42.1±17.4

49.2±14.5

0.066

41.5±16.9

49.2±16.6

0.0001

Male, n (%)

58 (75.3)

61 (67.0)

0.307

106 (86.9)

363 (67.1)

0.0001

Smoking, n (%)

15 (19.4)

28 (31.0)

0.139

32 (26.4)

163 (30.1)

0.502

Hypertension, n (%)

15 (19.4)

27 (27.2)

0.099

32 (26.4)

185 (34.2)

0.009

3 (4.8)

10 (11.1)

0.143

4 (3.3)

27 (5.2)

0.511

13 (17.3)

22 (24.1)

0.332

20 (16.5)

130 (24.0)

0.074

BAV-RL, n (%)

54 (77.1)

45 (49.4)

101 (83.0)

385 (71.1)

BAV-RN, n (%)

13 (18.6)

36 (40.1)

10 (8.2)

135 (25.1)

BAV-LN, n (%)

3 (4.3)

2 (2.2)

7 (5.7)

12 (2.2)

57 (74.0)

64 (70.3)

0.486

92 (75.4)

429 (79.3)

0.362

7 (9.1)

9 (9.9)

0.999

23 (18.9)

71 (13.1)

0.112

58 (75.3)

58 (63.7)

0.105

65 (53.3)

266 (49.2)

0.001

AS dominant, n (%)

6 (7.8)

23 (25.3)

7 (5.7)

148 (27.4)

AR dominant, n (%)

13 (16.9)

10 (11.0)

50 (41.0)

127 (23.5)

Aorta phenotype
Univariate analysis
Demographics and clinical data

Diabetes mellitus, n (%)
Dyslipidaemia, n (%)
Valve morphotype

0.006

0.001

Valve abnormality and function
Raphe, n (%)
Sigmoid prolapse, n (%)
Non-significant valve dysfunction, n (%)

Multivariate analysis of aorta dilation phenotype
Aortic root phenotype

OR

95% CI

p Value

Age

0.97

0.96–0.99

0.004

Male

3.98

2.07–7.63

0.001

Hypertension

1.05

0.59–1.88

0.846

Dyslipidaemia

1.01

0.53–1.91

0.963

Sigmoid prolapse

1.07

0.55–2.11

0.826

BAV-RN

0.28

0.13–0.59

0.001

BAV-LN

2.79

0.93–8.38

0.067

AS dominant

0.23

0.10–0.54

0.001

AR dominant

1.27

0.76–2.13

0.353

Age

1.02

1.00–1.04

0.004

Male

0.25

0.13–0.48

0.001

Hypertension

0.944

0.53–1.68

0.846

Dyslipidaemia

0.985

0.52–1.85

0.963

Sigmoid prolapse

0.92

0.47–1.18

0.826

BAV-RN

3.55

1.68–7.50

0.001

BAV-LN

0.35

0.11–1.07

0.067

AS dominant

4.28

1.84–9.94

0.001

AR dominant, n (%)

0.78

0.46–1.31

0.353

Ascending aorta phenotype

AS, aortic stenosis; AR, aortic regurgitation; BAV, bicuspid aortic valve; LN, left coronary and non-coronary; RL, right and left; RN, right coronary and non-coronary.

Strengths and limitations

To our knowledge, this is the largest prospective multicentre
study to analyse the association of BAV morphology, valvular
dysfunction and aorta dilation in a core lab. Patients were
referred for a control echocardiographic study in a stable situation and without a previous surgical indication. Therefore, the
present study is exposed to the intrinsic referral bias that limits
every study based on outpatient data. This was not a community
study, and children with BAV were excluded. Thus, a small subset
of patients with severely deformed bicuspid valves who had
required surgery in childhood or adolescence was not included.
Given its cross-sectional nature, this study did not attempt to
Evangelista A, et al. Heart 2018;104:566–573. doi:10.1136/heartjnl-2017-311560

assess the impact of valve morphotype on aortic disease progression. Patients with aortic coarctation were also excluded since
the association of this abnormality generates a specific pattern
in ascending aorta dilation. Finally, this study did not include
genetic or serum markers, histology or proteomic information.
Some factors not included in the study may aid understanding
of BAV heterogeneity in valvular dysfunction and aorta dilation.

Conclusions
The development of aortic valve dysfunction and aorta dilation
in patients with BAV results from complex interactions among
571
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Table 4 Demographic and valve characteristics of BAV patients according to aortic dilation and aorta phenotypes. Univariate and multivariate
analysis

Valvular heart disease

valve morphotypes, cardiovascular risk factors and specific
haemodynamic conditions. Normofunctional valves are more
prevalent in BAV without raphe. AS is associated with valve

Key messages
What is already known on this subject?
Bicuspid aortic valve (BAV) is the most common congenital heart
abnormality associated with early valvular dysfunction and
ascending aorta dilation with high heterogeneity. Aortic valve
and/or ascending aorta surgery is required in around 25%–30%
of adult patients 20 years after BAV diagnosis.
What might this study add?
This study showed that aortic stenosis was more frequent
in BAV-right–non-coronary (RN) and related to the presence
of raphe, age and cardiovascular risk factors, while aortic
regurgitation was related to male sex and valve prolapse. Aortic
root was dilated in 34% of cases and ascending aorta in 76%.
Aortic root dilation phenotype was associated with younger age,
male sex and aortic regurgitation, and less frequent in BAV-RN,
while ascending aorta phenotype was similar among valvular
morphotypes and slightly less frequent in normofunctional valve
(67%). Aortic arch is more dilated in BAV-RN and BAV-LN than
BAV-RL.
How might this impact on clinical practice?
Despite significant BAV heterogeneity, several associations
among valve morphotypes, cardiovascular risk factors and
haemodynamic conditions may help to stratify the risk of
valvular dysfunction and aorta dilation. Control of cardiovascular
risk factors and development of new therapeutic strategies
may prevent the progression of valve calcification and aortic
stenosis, mainly in patients with BAV-RN. Futhermore, the aorta
dilation pattern is related to valve morphotype and dysfunction.
These associations may help in choosing the best multimodality
imaging follow-up test and for surgical treatment strategies.
572

calcification and more frequently with BAV-RN and the presence
of cardiovascular risk factors, whereas AR is more frequent in
men and associated with sigmoid prolapse. Therefore, particularly in patients with BAV-RN and raphe, the control of cardiovascular risk factors should be optimised. Although ascending
aorta is the most commonly dilated aorta segment, aortic root
dilation is present in one-third of patients and associated with
AR. In contrast to BAV-RL, BAV-RN spares aortic root dilation but enlarges the ascending aorta more distally, including
the aortic arch. Therefore, periodic follow-up by MRI or CT is
particularly indicated in this BAV morphotype.
Despite these significant associations, further studies are
required to identify new imaging haemokinetic parameters,
biomarkers and genetic factors that may provide an individualised stratification of the risk for valvular dysfunction and aorta
dilation. Control of cardiovascular risk factors and new drug
treatments might reduce valvular degeneration progression and
aortic dilation.
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