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Abstract
Background and Aim: Bicuspid aortic valve (BAV) increases the risk of aortic valve dysfunction and ascending aorta aneurysm and, consequently, the need for aortic valve replacement and/or aortic repair. However, there is no universal consensus about the surgical
criteria and the predictors for surgery. The aim of this study was to investigate related factors
to the need for surgery in the setting of a strict long-term follow-up with relatively conservative surgical criteria.
Methods: We prospectively followed 120 patients after the diagnosis of BAV. Predisposing
factors for a future need for aortic valve replacement and ascending aorta repair were assessed. Aortic surgery was indicated when the ascending aorta diameter was ≥55 mm and was
recommended based on patient characteristics and in the presence of a severe aortic valve
dysfunction with an aortic diameter ≥50 mm.
Results: During follow-up (mean, 86 months), 34 patients (28%) (mean age, 56±12 years)
were surgically treated. Aortic valve dysfunction (n=22; 64%) and ascending aorta dilatation
(n=12; 36%) were the indications for surgery. Aortic regurgitation was the most frequent
valve dysfunction at the time of diagnosis for BAV, but aortic stenosis was the most frequent
indication for surgery. The presence at surgery of either aortic regurgitation or stenosis was
clearly related to age, with regurgitation predominating in patients under 55 years, and aortic
stenosis in older patients.
Multivariate Cox analysis showed that aortic stenosis (hazard ratio 4.1, p=0.001), indexed
ascending aorta dilatation (hazard ratio 3.0, p=0.03) and left ventricular end-diastolic diameter
≥60 mm (hazard ratio=4.0, p=0.01) at diagnosis were factors associated with future surgery.
Aortic dissection was not observed in patients that did not undergo surgery.
Conclusions: A relatively conservative approach for the indication of ascending aortic
surgery in BAV is safe. In this setting, the presence of aortic or left ventricle dilatation and
aortic stenosis at diagnosis of BAV were predictive of the need for surgery in the follow-up.
Key words: aortic dilatation, aortic stenosis, aortic valve dysfunction, bicuspid aortic valve, surgery.

Introduction
Bicuspid aortic valve (BAV) is the most common
congenital heart defect. BAV is commonly associated

with the development of clinically relevant complications such as aortic valve dysfunction, infectious enhttp://www.medsci.org
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docarditis, heart failure, aortic dilatation and acute
aortic syndrome (1-5). Additionally, surgical procedures such as aortic valve replacement and ascending
aorta repair in the presence of ascending aorta dilatation may be required throughout the life of these patients, although possible predictive factors for future
surgery have not been thoroughly assessed. The
purpose of ascending aorta repair is the prevention of
acute aortic syndromes and, in this sense, different
guidelines have established different surgical criteria
in the presence of ascending aorta dilatation and BAV
(6, 7). Therefore, a universal consensus does not exist.
Although some retrospective studies describe the
clinical outcomes of patients with BAV (8-10), the
prospective validation of a protocol of follow-up with
established surgical criteria have not been thoroughly
assessed.
Therefore, in the setting of a prospective protocol
of follow-up under strict surgical criteria, we investigated possible predictive factors for future surgery
after diagnosis of BAV that may be helpful in the
prognosis assessment of BAV patients, with special
attention paid to age, aortic valve dysfunction and
aortic dimensions.

Patients and methods
Since late 1998, we have collected data and prospectively followed-up all patients with BAV diagnosed in our facilities. Therefore, patients older than
14 years diagnosed with BAV in our center were included in this study. All of these patients were identified from our reference population. Data presented
were obtained at diagnosis of BAV. Clinical and
echocardiographic follow-up was performed every
year for patients without significant aortic valve dysfunction or aortic dilatation, but when significant lesions were present, the examination was performed
every 6 months. We considered the presence of aortic
stenosis when the mean gradient ≥ 20 mmHg. The
grade of aortic regurgitation (grade 1 to 4) was assessed according to the usual criteria (7). We registered the aortic root diameter (measured at the level of
sinus of Valsalva) and ascending aorta diameter
(measured at the level of maximum diameter); both
measures were made in end-diastole and indexed in
relation to body surface area. A diagnosis of dilated
aortic root/ascending aorta was made if the diameter
indexed for body surface area was >21 mm/m2 (13). A
diagnosis of BAV was made when two aortic leaflets
were clearly visualized, with or without raphe, in the
parasternal short-axis view through a transthoracic
echocardiogram (11). When this procedure was
deemed insufficient for the definitive diagnosis of
BAV, transesophageal echocardiogram (11) or cardiac
magnetic resonance imaging (12) was performed.
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Cardiovascular MRI also was performed at cardiologist criteria in the presence of a dilated ascending
aorta/aortic regurgitation or in the setting of certain
clinical studies.
All relevant clinical events (hospitalization, heart
failure, cardiac surgery, death) were documented. We
considered patients with severe aortic valve dysfunction and symptoms or those with a left ventricular
ejection fraction <50% as candidates for aortic valve
replacement. In patients with aortic regurgitation, left
ventricular end-diastolic diameter >70 mm or left
ventricular end-systolic diameter >50 were also considered. Ascending aortic repair was indicated when
the diameter of the ascending aorta was ≥55 mm and
was recommended based on patient characteristics
and in the presence of severe aortic valve dysfunction
with an ascending aortic diameter ≥50 mm.
We included in this study 124 consecutive patients with a diagnosis of BAV identified prior to the
end of 2009. Follow-up was considered complete if a
clinical examination had been performed during the
six month period prior to the analysis. Three patients
were lost due to change of residence, and one patient
was lost due to unknown reasons.
Written informed consent was obtained from all
study participants in order to use their deposited data
under anonymity. The study was approved by the
local Ethics Committee of the Hospital Universitari de
Sant Joan.
Cox survival analysis was performed to identify
factors associated with the need for surgery during
follow-up. We excluded from this analysis those patients who fulfilled criteria for the indication of surgery at diagnosis of BAV. Potential predictors of surgery were evaluated by univariate Cox regression
analyses; data were censored at the time of surgery.
Candidate variables with a p value <0.10 on univariate analysis were entered into a multivariate Cox regression model. The linearity and proportionality of
the variables introduced in the model were assessed
as required. Possible interactions between the variables of the model were analyzed. Differences were
considered statistically significant if p <0.05.

Results
The baseline clinical characteristics of the 120
patients with complete follow-up are shown in Table
1. Most patients were asymptomatic, male, with a
high prevalence of valve dysfunction and aortic dilatation. Indexed dilated aortic root or ascending aorta
was observed in 58% of patients, and 48% had an ascending aorta diameter ≥40 mm. The mean follow-up
time was 86±46 months, and 53% of the patients were
followed for more than six years. During this time, 8
(7%) patients required hospitalization due to the dehttp://www.medsci.org
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velopment of heart failure, and 34 (28%) were referred
to a surgeon for aortic valve and/or aorta replacement. These patients’ characteristics are presented in
Table 2. Of note, six patients had a severe aortic valve
dysfunction associated with symptoms or with an
ejection fraction <50% at the time of diagnosis. Aortic
valve replacement was indicated in 3 of these cases,
and replacement was dismissed in the other 3 due to
comorbidity (Alzheimer disease, septic shock and
stroke, respectively).
The mean age at surgery was 56±12 years (range
31–75 years, median 55 years) (Table 2), and the mean
period of time between the diagnosis of BAV and
surgery was 46 months (range 1–135 months; median
37 months). Although aortic regurgitation was more

prevalent at the time of diagnosis of BAV, aortic stenosis was the predominant valve dysfunction when
surgery was indicated for aortic valve dysfunction.
Aortic dilatation was an indication for surgery in 12
patients, but most (n=10) presented a concomitant
severe aortic valve dysfunction (regurgitation (n=5),
stenosis (n=4) or double lesion (n=1)) that required
aortic valve replacement. According to age, aortic
regurgitation was the predominant valve dysfunction
in patients younger than 55 years who underwent
surgery (aortic regurgitation 64%, aortic stenosis 36%,
double lesion 0%), whereas in the older patients, the
main valve dysfunction was aortic stenosis (aortic
stenosis 67%, aortic regurgitation 17%, double aortic
lesion 17%) (p=0.008).

Table 1. Baseline clinical and echocardiographic characteristics at diagnosis of bicuspid aortic valve of the overall study
population and segregated depending on the need for surgery.
Characteristics

Total
(n=120)

Without
Surgery*
(n=83)

Surgery
(n=34)

P

Age, years (mean ± SD)

47±17

45±19

53±12

0.006

Body surface area (m2)

1.84±0.20

1.82±0.71

1.87±0.27

0.28

Male gender (%)

96 (80)

65 (78)

28 (82)

0.49

Hypertension

37 (31)

23 (28)

13 (38)

0.44

Smoker

28 (23)

18 (21)

10 (29)

0.48

Diabetes mellitus

10 (6)

6 (7)

4 (12)

0.62

Coronary artery disease

6 (5)

4 (5)

2 (6)

1

Stroke

2 (2)

1 (1)

1 (3)

0.55

Aortic stenosis º

37 (31)

14 (17)

22 (65)

0.0001
0.08

Aortic regurgitation
I

40 (33)

28 (34)

12 (35)

II

31 (26)

25 (30)

5 (15)

III

28 (23)

15 (18)

12 (35)

IV

2 (2)

0

1 (3)
0.002

Functional class NYHA
I

114 (95)

83 (100)

30 (88)

II

2 (2)

0

1 (3)

III-IV

4 (3)

0

2 (6)

LVEDD (mm)

52±6

51±6

54±7

0.04

LVEDD ≥ 60 mm

12 (10)

4 (5)

8 (22)

0.008

LVESD (mm)

33±6

32±5

34±8

0.21

LVESD ≥ 45 mm ∎

4 (4)

0

4 (12)

0.005

LVEF (%)

69 ±10

70±9

67±12

0.14

Aortic root (mm)

37±7

36±7

40±7

0.003

Ascending aorta (mm)

40±8

37±7

46±7

0.0001

Aortic root (mm/m2)

20.2±3.6

19.5±3

21.9±4

0.004

Ascending aorta (mm/m2)

21.7±4.9

20.5±0.4

24.7±5

0.0001

Indexed aortic dilatation

70 (58)

38 (46)

32 (87)

0.0001

LVEDD: Left ventricular end-diastolic diameter; LVESD: Left ventricular end-systolic diameter; LVEF: Left ventricle ejection fraction. Values represent N (%) or
mean ± SD.
º Defined as a mean gradient ≥ 20 mmHg; ∎ Eleven patients without measures.
*Excluding 3 patients not treated surgically due to comorbidities.
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Table 2. Characteristics of patients referred for surgery at
the moment of intervention and characteristics of surgical
procedure (n= 34).
Characteristics
Age at surgery, years
Male gender
Hypertension
Diabetes mellitus
Coronary artery disease
Stroke
Predominant aortic valve dysfunction
Aortic stenosis
Aortic regurgitation
Double aortic lesion
Ejection fraction (%)
Aortic root (mm)
Ascending aorta (mm)
Indexed aortic root (mm/m2)
Indexed ascending aorta (mm/m2)
Indexed aortic dilatation
Indication of surgery
Symptoms
Aortic dilatation
Left ventricular dysfunction/diameters
Intervention
Ascending aortic graft + aortic valve replacement
Aortic valve replacement
Ascending aortic graft

N (%) or mean ± SD
56±12
28 (82)
13(38)
4 (12)
2 (6)
1 (3)
14 (64)
6 (27)
2 (9)
65±12
40±7
46±8
21.5±4.4
25.1±5.3
25 (83)
15 (46)
12 (36)
7 (18)
20 (59)
11 (32)
3 (9)

At diagnosis of BAV, patients that required surgery during follow-up were older, had more symptoms, a higher prevalence of aortic stenosis and larger
left ventricular and ascending aorta diameters (Table
1). We analyzed the factors related to the need for
surgery during follow-up by means of Cox analysis.
The presence of aortic stenosis or ascending aorta
dilatation at diagnosis of BAV, as well as a left ventricular end-diastolic diameter ≥60 mm, predicted the
need for surgery (aortic stenosis Hazard Ratio=4.1,
p=0.001; ascending aorta dilatation Hazard Ratio=3.0,
p=0.03; left ventricular end-diastolic diameter ≥60 mm
Hazard Ratio=4.0, p=0.01; Table 3). The prognosis in
the absence of these variables was excellent; the absence of these 3 factors predicted the absence of need
for surgery during follow-up. On the other hand,
when ≥2 factors were present, the need for surgery
ranged between 63%-100%. Aortic regurgitation
(greater than or equal to moderate) in the absence of
ascending aorta dilatation was not an independent
predictive factor for surgery.
Cardiovascular mortality during follow-up was
limited to the 3 patients in whom aortic valve replacement was dismissed due to comorbidity. Aortic
dissection was not observed in this population.

Table 3. Clinical and echocardiographic factors at diagnosis related to the need for surgery during follow-up: univariate and
multivariate analyses.
Factors

Univariate Analysis
HR

P
value

Age at diagnosis; each year

1.01

0.06

Age at diagnosis > 45 years

2.20

0.05

Male gender

1.10

0.84

Body surface area (m2)

3.02

0.26

Smoking

1.13

0.76

Hypertension

1.44

0.36

Diabetes mellitus

0.91

0.72

Aortic stenosis (mean gradient ≥20 mmHg)

4.21

0.0001

Aortic regurgitation (≥ II/IV)

1.29

0.46

Left ventricular end-diastolic diameter (mm)

1.06

0.11

Left ventricular end-diastolic diameter ≥60 mm

3.4

0.02

Left ventricular end-systolic diameter (mm)

1.03

0.50

Left ventricular ejection fraction (%)

0.99

0.55

Left ventricular ejection fraction <60%

1.2

0.72

Ascending aorta dilatation

4.20

0.001

Multivariate
Analysis
HR (95% CI)

P
value

0.76

4.1 (1.9–9.3)

0.0001

4.0 (1.4-11.9)

0.01

3.0 (1.1–8.1)

0.03
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Discussion
Most BAV patients develop aortic valve dysfunction and ascending aorta dilatation during their
lives (14, 15). Therefore, current management includes
repeated clinical and echocardiographic assessment to
evaluate the functional state of the valve and measure
the dimensions of the aorta (6, 7). Although it is well
documented that aortic valve dysfunction may led to
surgical treatment (6, 7, 16), there is currently scarce
data available to predict the need for future surgery,
specifically in BAV patients. Of note, BAV is associated with anatomic and functional changes in the
aortic root. Our data reveal some clinical implications
for this issue. In particular, the presence of either aortic dilatation or moderate to severe aortic stenosis at
diagnosis was frequently associated with a higher
probability of future surgery. Age at diagnosis was
also a relevant factor; interestingly, age also seems to
be a major determinant of the type of valve dysfunction that modulates surgical referral. Taking into account all BAV patients, aortic regurgitation (moderate
to severe) was the most frequent finding, but considering only those who underwent surgery, the frequency of aortic stenosis was higher among those >55
years. There are no simple explanations for such a
difference, but our findings suggest that the presence
of BAV and the associated tensile stress in its leaflets
accelerates valve degeneration, representing an additive factor to age, as previously suggested. The geometry of the bicuspid valve entails abnormal leaflet
stress, which is responsible for tissue remodeling at
the raphe region and early leaflet degeneration and
dysfunction (17, 18). In contrast, aortic regurgitation
(greater than or equal to moderate), although very
frequent in BAV patients, was rarely an indication for
surgery in the absence of superimposed ailments, and,
consequently, it was not a predictive factor of future
surgery. Among patients surgically referred with the
indication of aortic regurgitation, the concomitant
presence of aortic dilatation (factor identified as predictor of surgery) was extremely frequent. Moreover,
the diameter of the aortic root and ascending aorta is a
predisposing factor in the occurrence and progression
of aortic regurgitation due to the superimposed effect
of an increased valve stress and defect in coaptation
(19-21). Of note, our BAV patients had an excellent
prognosis in the absence of either aortic dilatation or
aortic stenosis. Obviously, the presence of a severe
aortic regurgitation may condition the need for surgery in the long-term follow-up as reflected by the fact
that left ventricular end-diastolic diameter, variable
related to severe aortic regurgitation, was a predictor
of surgery.
Ascending aorta dilatation was a common find-
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ing in our patients. In fact, we found a higher rate of
aortic dilatation ( ≥40 mm 48%) at diagnosis of BAV
with respect to previous studies (> 40 mm 10% (9) to
15% (8)), arising as a common indication for surgery.
The causes and mechanisms that give rise to aortic
dilatation are not clearly understood, and it appears
that genetic and hemodynamic factors coexist. On the
basis that BAV and aortic dilatation could be manifestations of a single gene defect, some data would
support a genetic component, as BAV has some patterns of inheritance (22) and links to other genetic
diseases, such as Turner syndrome (23). Some pathways have been proposed, as mutations have been
found in genes related to signaling and the transcriptional regulators (NOTCH1) (24, 25), although the
knowledge about the genetic link between BAV and
aortic dilatation is currently scant. Aortic valve dysfunction and the characteristics of flow in the ascending aorta also appear to play a role (1, 14, 15).
Probably the most important clinical factor related to
ascending aorta dilatation is the age of the patient.
Thus, in a previous study described (8), the prevalence of aortic dilatation increased from 15% to 45%
after a mean of follow-up of 15 years. We may suspect
that the older age of our patient population was the
main reason for these differences; the older age of our
population is probably related to the accurate analysis
of aortic valve morphology by means of image technics, including transesophageal echocardiography
and cardioRM when required, which facilitated the
morphology diagnosis of most aortic valves, including those of older patients with a stenotic/degenerative component added. Another factor to
be considered is the detailed analysis of the aortic root
and ascending aorta diameters performed in our BAV
patients. In previous studies (8, 9), approximately
33–62% patients had no ascending aorta diameter
measurements taken during follow-up. In our study,
all patients had aortic root diameter measurements
taken, and 98% had ascending aorta diameter measurements taken, which is a fact that may facilitate the
detection of aortic dilatation. The older age of our
patient population also may explain the similar rate of
need for surgery in spite of a shorter follow-up.
As we have seen, the great majority of patients
with BAV are asymptomatic at diagnosis. Thus, it is
relevant to establish an accurate strategy of follow-up
and to define adequate criteria for surgery for preventing aortic dissection or rupture. In recent years,
different criteria for ascending aorta repair in the setting of BAV have been proposed from different scientific societies. Thus, the 2010 ACCF/AHA/AATS/
ACR/ASA/SCA/SCAI/SIR/STS/SVM guidelines (6)
considered the risk of aortic dissection in BAV similar
to other genetically-mediated aortic disorders, and
http://www.medsci.org

Int. J. Med. Sci. 2013, Vol. 10
proposed a more aggressive approach with respect to
previous recommendations (16), including ascending
aorta repair when the ascending aorta diameter was
≥45 mm. Two studies on the natural history of BAV
have described a low incidence of acute aortic complications, ranging from 0.03% (10) to 0.1% (9) per
patient-year of follow-up. In an exhaustive study
published after these guidelines by Michelena et al.
(10), only 2 patients suffered aortic dissection under a
native BAV (previous to surgery) and they both had
an ascending aorta diameter >50 mm (in one case 52
mm with a concomitant aortic stenosis, in the other
case the ascending aorta diameter was 70 mm). Recently modified guidelines from the European Society
of Cardiology (7) propose a more conservative approach, establishing the threshold when the ascending aorta diameter is ≥50 mm and coexists with other
risk factors or severe aortic valve dysfunction, and ≥55
mm for the remaining patients. Our clinical follow-up
is based in a strict clinical protocol without significant
modifications since 1999;.the criteria for aortic valve
replacement used here are based on the classical indications recommended in the guidelines and our
criteria for aortic repair are very similar to the conditions recommended for the new ESC recommendations. During follow-up, acute aortic syndromes were
not present in non-surgically treated patients. Thus,
we validated the safety of a relatively conservative
approach in the recommendation of ascending aorta
repair in BAV patients.
Our study has some limitations. A higher number of patients could allow other variables to increase
in significance as predictors; for example the presence
of aortic regurgitation without aortic dilatation. A
multicenter study could validate these results. The
recently published European Society of Cardiology (7)
guidelines about valvular heart disease include other
variables that should be considered as additional criteria for the indication of ascending aorta repair, such
as a family history of dissection/rupture/sudden
death, or an increase in aortic diameter >2 mm/year.
Because these criteria have been described recently,
they were not considered as criteria for the indication
of ascending aorta repair during the period of this
follow-up and, thus, they were not included in the
analysis. We analyzed the role of clinical variables
and routine echocardiographic parameters as predictors of surgery. Other kinds of variables, such as biological markers related to aortic wall degeneration
(26, 27) or parameters related to the biomechanical
properties of the aortic wall (26), could play a role in
the identification of patients at risk of aortic complications, and thus, potentially be indicators of surgery.
In summary, a relatively conservative approach
for the indication of ascending aortic surgery in BAV
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is safe. In this setting, the presence of aortic or left
ventricle dilatation and aortic stenosis at diagnosis of
BAV were predictive of the need for surgery during
follow-up. Age is related to the type of valve dysfunction observed at surgery.
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