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Abstract

OBJECTIVES: The aim of this study was to evaluate aortic media changes in bicuspid aortic valve (BAV) patients who underwent aortic
valve replacement (AVR) and simultaneous replacement of the proximal aorta for BAV stenosis vs BAV insufficiency.

METHODS: Review of our institutional BAV database identified a subgroup of 79 consecutive BAV patients (mean age 52.3 ± 13 years, 81%
men) with BAV stenosis or insufficiency and concomitant proximal aortic dilatation of ≥50 mm who underwent AVR and simultaneous
replacement of proximal aorta from 1995 through 2005. All cases of BAV disease and concomitant ascending aortic dilatation of
40–50 mm underwent isolated AVR and therefore were excluded from this analysis. Proximal aortic media elastic fibre loss (EFL) was
assessed (graded 0 to 3+) and compared between patients with BAV stenosis (Group I, n = 44) vs BAV insufficiency (Group II, n = 35).
Follow-up (690 patient-years) was 100% complete and 9.1 ± 4.6 years long.

RESULTS: Mean aortic media EFL was 1.3 ± 0.7 in Group I vs 2.5 ± 0.8 in Group II (P = 0.03). Moderate/severe EFL (i.e. defined as grade
2+/3+) was found in 13 patients (29%) in Group I vs 28 patients (80%) in Group II (P < 0.001). Logistic regression identified BAV insufficiency
as the strongest predictor of moderate/severe EFL (OR 9.3; 95% CI 3.2–29.8, P < 0.001). Valve-related event-free survival was 64 ± 8% in
Group I vs 93% ± 5% in Group II at 10 years postoperatively (P = 0.05). A total of 4 patients (5%, 3 from Group I and 1 from Group II) under-
went redo aortic root surgery for prosthetic valve endocarditis during follow-up.

CONCLUSIONS: Patients with BAV insufficiency and a proximal aorta of ≥50 mm have a significantly higher rate of moderate/severe EFL as
compared to their counterparts with BAV stenosis.
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INTRODUCTION

The surgical treatment of patients with bicuspid aortic valve (BAV)
disease and ascending aortic aneurysm is still controversial [1, 2].
In particular, information on the natural history of proximal aortic
disease in BAV patients is lacking [3].

BAV has been shown to be a heterogeneous disorder with dis-
tinct forms of associated aortopathy [4, 5]. These distinct forms (i.e.
so-called BAV phenotypes) which incorporate specific aortic valve
anatomy and coexistent lesions of the proximal aorta may be
caused by unique pathogenetic mechanisms and may require spe-
cific surgical strategies. Recent studies have provided some insight
into the different phenotypes of BAV disease [4–7]. However, there
is still a notable paucity of clinical data on different BAV phenotypes.
Therefore, there is a lack of clinical evidence to recommend a tai-
lored surgical approach to the different forms of this heterogeneous
clinical entity.

The aim of this study was to compare the proximal aortic media
changes in patients with BAV stenosis vs BAV insufficiency with a

coexistent proximal aortic aneurysm of ≥50 mm who underwent
simultaneous replacement of the aortic valve and the proximal
aorta.

MATERIALS ANDMETHODS

We reviewed our institutional database to identify all BAV patients
who underwent simultaneous replacement of the aortic valve and
the proximal aorta for BAV stenosis or insufficiency and a con-
comitant proximal aortic aneurysm of ≥50 mm from January 1995
through December 2005. Study approval from our local ethics
committee was obtained. Individual patient consent was waived.
A total of 530 consecutive patients with BAV disease (mean age

54 ± 13 years, 77% men) underwent aortic valve replacement
(AVR) surgery during the study period. Patients operated on after
2005 were excluded in order to obtain an adequate length of
follow-up. No patient with Marfan syndrome was included in this
group. All BAV patients with an ascending aorta diameter of
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<50 mm (n = 443) underwent isolated AVR without replacement
of the aorta and were excluded from this analysis. A total of 8 BAV
patients with a proximal aortic aneurysm of ≥50 mm had a
normally functioning BAV (as assessed by preoperative echocardi-
ography/angiography) and were also excluded. Based on these in-
clusion criteria, a total of 79 (i.e. 15% of the total BAV population)
consecutive BAV patients were identified and served as a focus of
the current study. A total of 44 BAV patients had predominant/
pure aortic valve stenosis (Group I) and the remaining 35 BAV
patients presented with an isolated aortic valve insufficiency
(Group II).

Definitions and measurements

The morphology and function of the aortic valve was assessed by
preoperative echocardiography in all the patients. BAV was sus-
pected if 2D short-axis imaging of the aortic valve demonstrated
the existence of only two commissures delimiting two aortic valve
cusps. The final decision regarding the bicuspidality of the aortic
valve, however, was made based on the intraoperative description
of valve morphology by the surgeon. Surgical reports described
1-raphe in 80% and no-raphe in 9% of study patients. No data
regarding exact BAV morphology were found in the remaining
11% of study patients.

The diameter of proximal aorta was measured preoperatively
by means of transthoracic echocardiography and aortic angiog-
raphy (i.e. during cardiac catheterization). All patients with a
dilated proximal aorta, as diagnosed in these screening examina-
tions, underwent subsequent preoperative contrast-enhanced
computed tomography scan or magnetic resonance angiography
for precise quantification of the aortic diameters. Moreover, the
maximal diameter of the proximal aorta was routinely measured
intraoperatively (i.e. using a calliper) before going on pump. If a
proximal aortic aneurysm of >50 mm in maximal diameter was
observed, then simultaneous aortic surgery by means of compos-
ite graft replacement of the aortic root and ascending aorta was
performed. As stated above, patients with a proximal aortic diam-
eter of <50 mm underwent isolated AVR only.

Histological examination

All operatively excised proximal aortic tissue (i.e. aortic root and
ascending aorta) was sent for histological examination. The speci-
mens were sent to our pathology unit and evaluated by a leading
pathologist with a significant experience in cardiovascular medi-
cine. Simultaneously, all specimens were sent to the reference
unit of adjacent university hospital. Essentially, no discordant in-
terpretation of elastic fibre loss (EFL) was found between both
institutions (i.e. all cases with moderate/severe EFL were graded
similarly).

All sections of histological specimen were performed perpen-
dicular to the aortic wall. Multiple samples were obtained from
different sites of explanted aorta and histological sections were
prepared using haematoxylin–eosin stain and Van Gieson Elastine–
Halcian blue stain. EFL in the aortic media was graded from 0 to 3+:
grade 0 represented no/minimal fragmentation of elastic fibres;
grade 3+ represented complete loss of elastic fibres. Proximal
aorta in 10 necropsy cases served as a reference histology for our
study. None of these had aortic valve disease or dilated ascending
aortas.

For statistical analysis, patients were divided into two groups:
patients with grade 0–1 disease in whom EFL was absent or mild,
and patients with grade 2–3 disease who demonstrated moder-
ate/severe EFL.

Study population

A total of 79 consecutive BAV patients (mean age 52.3 ± 13 years,
81% men) with aortic valve disease and a proximal aortic aneur-
ysm of ≥50 mm underwent AVR and simultaneous aortic surgery
during the study period. The predominant aortic valve disease
was BAV stenosis in 44 (56%) patients (Group I) and isolated BAV
insufficiency in the remaining 35 (44%) patients (Group II). BAV
patients with mixed lesions were assigned according to the dom-
inant aortic valve pathology (i.e. BAV patient with a severe stenosis
and mild-to-moderate insufficiency was assigned to the BAV sten-
osis subgroup). All the 79 patients underwent a modified Bentall
procedure (i.e. composite graft replacement with direct reimplan-
tation of the coronary buttons) through a median sternotomy
using standard cardiopulmonary bypass and moderate systemic
hypothermia. Standardized surgical and anaesthetic protocols
were followed with only minor changes over time. Cross-clamp
was placed on the distal ascending aorta, just below the orifice of
brachiocephalic trunk. Distal anastomosis was performed on the
distal ascending aorta, just 1–2 cm proximal to the aortic clamp.
The aortic root was replaced with a mechanical conduit in 99%

of patients, and a biological conduit in the remaining 1% of
patients. The labelled conduit prosthesis size was 21 mm in 3% of
patients, 23 mm in 11%, 25 mm in 31%, 27 mm in 29%, 29 mm in
25% and 31 mm in 1%.
Comparisons of the most relevant variables in both study groups

are displayed in Table 1. Briefly, the patients in Group II were
younger, more often male and had a larger aortic valve annulus
diameter as evidenced by larger implanted composite graft size.
Relevant comorbidities were almost equally distributed in both
groups. Particularly, there was no difference in preoperative diam-
eter of the proximal aorta in both groups.
In-hospital mortality was 1/79 (1.3%). One patient in Group II

died because of septic multiorgan failure (MOF) after an initially

Table 1: Perioperative characteristics of patients with
bicuspid aortic valve (BAV) stenosis (Group I) and BAV
insufficiency (Group II)

Variables Group I
(n = 44)

Group II
(n = 35)

P-value

Age (years) 56 ± 12 48 ± 12 0.03
Male 33 (75) 31 (89) 0.1
Hypertension 19 (43) 17 (49) 0.6
Smoking 13 (30) 8 (23) 0.5
COLD 5 (11) 1 (3) 0.2
LV ejection fraction (%) 48 ± 8 50 ± 4 0.6
Diameter of the proximal

aorta (mm)
55 (50–59.5) 55 (50–60.5) 0.6

Conduit size (mm) 25 (25–27) 27 (25–29) 0.3
Hemiarch replacement 2 (5) 2 (6) 0.8

Median (IQR 25-75), COLD: chronic obstructive lung disease; LV: left
ventricle.
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uneventful postoperative course. An autopsy was performed and
showed evidence of peritonitis as a sequel of prolonged post-
operative paralytic ileus.

The primary endpoint of our study was prevalence of moder-
ate/severe EFL in the proximal aortic media. Secondary endpoints
included long-term survival and freedom from valve-related adverse
events.

Follow-up

Follow-up consisted of a telephone interview with the patients,
their family members and/or the patients’ family physicians. All
imaging data obtained during the postoperative course were
requested from the patients’ cardiologists or family physicians. All
medical records of patients who died in external hospitals were
forwarded on request to our hospital. In all cases of out-of-
hospital death, we aimed to confirm or exclude sudden cardiac
death. Surgical notes were obtained on 4 patients who underwent
redo cardiac surgery. Follow-up was 100% complete and was
9.1 ± 4.6 years long.

Statistical analysis

Standard definitions were used for patient variables and out-
comes. Categorical variables are expressed as percentages and
continuous variables are expressed as mean ± SD with range
throughout the manuscript. All statistical analyses were performed
with the IBM SPSS 19.0 software (IBM Corp., New York, NY, USA).
Correlation analysis was performed using Pearson correlation co-
efficient. Survival analyses (i.e. long-term survival and valve-related
event-free survival) were performed according to the method of
Kaplan–Meier and statistical differences were analysed using the
log-rank test. A logistic regression analysis of risk factors for mod-
erate/severe EFL was performed. All P-values of 0.05 or less were
considered statistically significant.

RESULTS

Histological grading of EFL (0 to 3+) in the proximal aortic media
was available for all the 79 (100%) patients (Table 2). The median
(interquartile range) EFL score was 1.0 (2.0–1.0) in Group I vs 2.0
(3.0–2.0) in Group II (P = 0.03). Moreover, moderate or severe EFL
(defined as grade 2+/3+ disease) was found only in 13 patients
(29%) in Group I vs 28 patients (80%) in Group II (P < 0.001). There

was still a significant difference in the incidence of moderate or
severe EFL between the groups, after performing age-adjusted
and aortic diameter-adjusted comparisons using the analysis of
covariance (P < 0.01).
There was a significant correlation between EFL and the macro-

scopic findings at surgery. Surgical reports described markedly
thinned and extremely vulnerable aortic wall in nearly all the
patients with BAV insufficiency as opposed to the patients with
BAV stenosis (i.e. 90% vs 20%). However, there was no major differ-
ence between EFL in the sinuses vs tubular part of the ascending
aorta.
Mean diameter of the proximal aorta in Group I was 54 ± 5 mm

in 31 patients with no/ mild EFL vs 61 ± 7 mm in 13 patients with
moderate/severe EFL (P = 0.01). Moreover, there was a linear cor-
relation between the diameter of the proximal aorta and the
degree of EFL in Group I (r = 0.5, P = 0.002). There were a total
of 17 patients in Group I with the proximal aortic diameter of
<55 mm and only 1/17 (6%) of them had a moderate/severe
aortic media EFL.
On the contrary, there was no significant difference in the mean

diameter of the proximal aorta between 7 patients with no/mild
EFL vs 28 patients with moderate/severe EFL (i.e. 55 ± 5 mm vs
57 ± 11 mm, respectively, P = 0.4) in Group II. There was also no
linear correlation between proximal aortic diameter and the se-
verity of EFL in Group II (r = 0.25, P = 0.1). There were a total of
14 patients in Group II with a proximal aortic diameter of <55 mm
and 10 of 14 (71%) of them had moderate/severe aortic media
EFL. Simultaneously, 3 patients in Group II with a proximal aortic
diameter of >55 mm had only mild EFL. Correlation between
EFL and proximal aortic diameters in both study groups is shown
in Fig. 1.
Moderate or severe EFL was found in 7 of 9 (78%) patients with

moderate aortic regurgitation (AR), in 18 of 22 (82%) patients with
moderate to severe AR and in 3 of 4 (75%) with severe AR in
Group II.
We performed a logistic regression analysis in order to identify

the risk factors for moderate/severe EFL. A total of four preopera-
tive variables that were found to be significant in the univariate
model were included in the logistic regression analysis (Table 3).
BAV insufficiency with the coexistent proximal aortic aneurysm of
>50 mm was identified as the strongest predictor of moderate/
severe EFL in the aortic media (i.e. OR 9.3; 95% CI 3.2–29.8,
P < 0.001).

Table 2: Histological grading of elastic fibre loss in both
groups

EFL grade Group I (n = 44) Group II (n = 35) P-value

0 2 (5%) 0 (0%)
1+ 29 (66%) 7 (20%)
2+ 9 (20%) 13 (37%)
3+ 4 (9%) 15 (43%)
2+ or 3+ 13 (29%) 28 (80%) <0.001

EFL: elastic fibre loss.
Figure 1: Proximal aortic diameter and elastic fibre loss (EFL) in both groups.
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Follow-up data (a total of 690 patient-years) were obtained on
all the 78 hospital survivors (100%). A total of 10 of 44 patients
(23%) died in Group I vs 2 of 34 patients (6%) in Group II during
follow-up, resulting in an overall 10-year survival of 74 ± 8 vs
93 ± 5% in both groups, respectively (Plog-rank = 0.1) (Fig. 2). The
causes of deaths were mostly cardiac-related (67%) and are sum-
marized in Table 4.
Freedom from valve-related adverse events was 76 ± 8% in Group

I vs 96 ± 4% in Group II at 10 years postoperatively (Plog-rank = 0.2).
Thromboembolic complications were the most common valve-
related events which occurred in 5 patients in Group I vs 1 patient
in Group II. A total of 4 patients (i.e. 3 in Group I vs 1 in Group II)
experienced prosthetic valve endocarditis. One patient in Group I
had major cerebral bleeding during follow-up and 1 in Group II
experienced sudden cardiac death.
Valve-related event-free survival was 64 ± 8% in Group I vs

93 ± 5% in Group II at 10 years postoperatively (Plog-rank = 0.054)
(Fig. 3).
Redo aortic root surgery was required in 4 (5%) patients (i.e.

3 in Group I and 1 in Group II) after a mean length of time of
8.7 ± 4 years. Indication for redo aortic root surgery was prosthetic
valve endocarditis in all patients. No operation was performed for
progression of distal aortic disease. A total of 3 of 4 (75%) reoper-
ated patients died in-hospital after redo aortic root surgery. The
fourth patient had a prolonged and complicated postoperative
course and was transferred to the referring hospital after a total of
2 months intensive care unit stay.

DISCUSSION

Controversy exists regarding the optimal surgical treatment of
patients with BAV disease and concomitant dilatation of the prox-
imal aorta [1, 2]. The controversy is potentiated by the marked
phenotypic variability of the BAV population, which predisposes

Figure 2: Overall survival in both groups.

Table 3: Predictors of moderate/severe elastic fibre loss
(as determined by multiple regression analysis)

Variables Odds
ratio

P-
value

95% CI

BAV insufficiency 9.3 <0.001 3.2 29.8
Proximal aorta maximum
diametera (mm)

1.1 0.03 1.01 1.2

Age (years) 1.0 0.9 0.9 1.1
Hypertension 1.4 0.6 0.5 4.1

BAV: bicuspid aortic valve; CI: confidence interval.
aAs defined by preoperative computed tomography/magnetic
resonance tomography.

Table 4: Causes of late death in both groups

Cause of death Group I Group II

Cardiac death 6 2
Myocardial infarction 1 0
Valve-related

Stroke 2 0
Haemorrhage 1 0
Endocarditis 2 1
Sudden death 0 1

Non-cardiac death 4 0
Malignancy 1 0
Chronic end-stage disease 2 0
Infection 1 0

Total death 10 2

Figure 3: Valve-related event-free survival in both groups.
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to the inconsistency of follow-up data in BAV patients [3]. This het-
erogeneity of BAV disease has become more widely accepted in
the last years as a consequence of identification of different
anatomic-clinical forms, so-called BAV phenotypes [4, 5, 8].
Individual BAV phenotypes may be caused by different pathogen-
etic mechanisms and may require tailored surgical approaches.

It has been well documented that BAV insufficiency and stenosis
patients have markedly different clinical and echocardiographic
characteristics [9, 10]. BAV insufficiency patients are characterized
by a younger age, predominance of male gender and a significant-
ly higher prevalence of aortic annular dilatation compared with
their stenotic counterparts [9]. These specific features of BAV insuf-
ficiency patients were confirmed in Group II patients in the
current study (Table 1). The larger aortic annular diameter in our
Group II patients may be observed from the fact that such patients
received composite grafts with a larger size (Table 1).

Recent data indicate that BAV insufficiency may be associated
with a more malignant form of proximal aortic disease than BAV
stenosis [6, 11]. BAV insufficiency (i.e. compared with BAV stenosis)
has been identified as an independent risk factor for late adverse
aortic events after isolated AVR surgery [11]. Moreover, we were
able to identify TGFBR2 gene mutation in affected families with
BAV insufficiency, indicating a genetic origin of aortopathy in this
specific BAV phenotype [12]. Further indices of the congenital and
more malignant nature of aortopathy in patients with the BAV in-
sufficiency compared with the BAV stenosis are presented by the
reduction ascending aortoplasty (RAA) studies. A number of pub-
lished reports identified BAV insufficiency as an independent risk
factor for late redilatation of the proximal aorta after RAA, com-
pared with BAV stenosis [13–15]. Moreover, BAV insufficiency
patients showed a significantly faster growth of the proximal aortic
diameter after RAA compared with those with BAV stenosis [15].
Congenital weakness of aortic wall in BAV insufficiency patients
may result in a faster and progressive dilatation of aortic root, in
the widening of the aortic annulus and consequently in the occur-
rence of aortic regurgitation. This hypothesis may be supported
by the fact that BAV insufficiency patients were younger, had a
larger aortic annulus diameter and got a larger valved conduit in
our study. Nonetheless, we may not exclude that a wide range of
pulse pressure in the patients with BAV insufficiency may play a
role in the progression of microstructural lesions in the aortic wall.

In the current study, we aimed to compare aortic media
changes in BAV insufficiency vs BAV stenosis patients who under-
went AVR and simultaneous replacement of the proximal aorta.
Because of a relatively conservative approach to the proximal
aorta in our institution during the study period, only BAV patients
with a proximal aortic diameter of ≥50 mm underwent simultan-
eous aortic surgery and were included in this study. We observed
histological changes in the aortic media with regard to loss of
elastic fibres, which have been shown to be a good marker of
other changes in the aortic media. Although some more detailed
histological scoring may better quantify aortic wall lesions [16], the
use of multiple criteria is often too complex and not reproducible
in the retrospective analysis. Moreover, the examination of elastic
fibre structure is easily discernible and highly reproducible with a
very low inter- and intraobserver variability [17]. Therefore, we
limited our study to the grading of aortic media EFL.

Data of the current study demonstrate clearly that patients with
BAV insufficiency and a proximal aorta of ≥50 mm have a signifi-
cantly higher rate of moderate/severe EFL compared with patients
with BAV stenosis (i.e. 80 vs 29%, P < 0.001). Moreover, BAV insuffi-
ciency was identified as the strongest predictor of moderate/severe

EFL (OR 9.3) in our study. These findings support convincingly the
hypothesis that BAV stenosis and BAV insufficiency represent clin-
ically and pathogenetically different forms of BAV-associated
aortopathy, which should be considered when making clinical
decisions on specific treatment strategies and postoperative
patient monitoring.
The high incidence of aortic media EFL and lack of linear correl-

ation between the severity of EFL and proximal aortic diameter in
BAV insufficiency patients supports strongly the aggressive surgical
treatment strategy of the proximal aorta in this BAV cohort.
Composite graft replacement resulted in 93 ± 5% valve-related
event-free survival at 10 years postoperatively and no evidence of
progression of distal aortic disease in BAV insufficiency cohort.
Our previous study [11] showed significantly increased risk of late
aortic events in BAV insufficiency patients after an isolated AVR
surgery, compared with patients with BAV stenosis (i.e.
valve-related event-free survival was 78% in BAV insufficiency
patients vs 93% in BAV stenosis (P = 0.01) at 15 years after isolated
AVR). All aortic events occurred at the level of the ascending aorta
and included acute type A aortic dissection as well as redo surgery
for increasing aortic aneurysm. Therefore, based on these data
and the high incidence of aortic media EFL in the current study,
we would strongly recommend to replace the dilated proximal
aorta in BAV insufficiency patients.
In contrast, significantly lower prevalence of EFL in the BAV

stenosis patients, especially in the subgroup with the proximal
aortic diameter of <55 mm, raises the question about how aggres-
sive surgeons should be with proximal aortic replacement in these
patients. Although our conclusions are limited by the small number
of included patients, a more conservative surgical approach may be
warranted in the subgroup of BAV patients with stenosis, especially
when proximal aortic diameter does not exceed 55 mm.
There was a tendency towards worse valve-related event-free

survival after composite graft replacement in BAV stenosis sub-
group compared with the BAV insufficiency patients. The factors
responsible for this finding might be a significantly older patient
population with accompanying comorbidities in Group I. This
may explain higher rate of non-cardiac deaths in the BAV stenosis
subgroup (i.e. 4 vs 0 deaths) during follow-up. Moreover, there
was a tendency towards higher incidence of mechanical valve-
related events in the elderly Group I patients (i.e. 9 vs 3 events).
Therefore, better survival in Group II should be interpreted rather
as a function of different baseline characteristics between study
subgroups and not as an argument for more benign aortic disease
in BAV insufficiency patients.
Redo aortic root surgery after composite graft replacement

was associated with an extremely high surgical risk in our
study (i.e. in-hospital mortality of 75%). There are several expla-
nations for these dismal results. All these patients underwent
redo surgery for the most severe conduit endocarditis.
Circumferential aortic root abscess was found intraoperatively in
all the 4 patients, which was associated with an extensive in-
volvement of aorto-mitral curtain and adjacent anterior mitral
leaflet, and complicated by perforation into the left/right atrium
in 2 patients as well as with extension into the left ventricular
outflow tract/interventricular septum in 2 further patients. Three
of these patients were in MOF caused by recurrent sepsis. As a
consequence, all these severely ill patients required a very exten-
sive redo aortic root surgery.
Similar findings have been reported previously by other investi-

gators. Roberts and co-workers were able to demonstrate signifi-
cant EFL in nearly 50% of patients with pure BAV insufficiency vs
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10% of BAV stenosis patients in a cohort of 96 congenitally mal-
formed aortic valve patients who underwent simultaneous AVR
and proximal aortic surgery [17]. Lower prevalence of aortic media
EFL in both study subgroups compared with our findings may
have resulted from inclusion of the patients with smaller diameters
of the proximal aorta in their study (i.e. ≥45 mm). In accordance
with our findings, presence of BAV insufficiency was associated
with a much higher prevalence of significant aortic media EFL
compared with BAV stenosis (i.e. OR 8.8; 95% CI 2.9–28.1) in the
above mentioned study [17]. Another recent study, which included
a significant proportion of BAV insufficiency patients (i.e. 60% of
the total study population), showed a high prevalence of moder-
ate/severe histological alterations in the aortic media even in the
absence of clinically relevant proximal aortic dilatation [18]. In
their multiple regression analysis, these authors demonstrated a
significant association between moderate/severe aortic media EFL
and diameter of the aortic annulus, which is in turn an indicator of
aortic root disease (i.e. root phenotype of BAV disease) [18].
Similarly, Cotrufo and co-workers were able to show significant
differences in the expression and spatial distribution of extracellu-
lar matrix proteins in the proximal aorta between patients with
BAV stenosis vs BAV insufficiency in a series of biomolecular
investigations [8].

Study limitations

There are some important limitations of our study. The retro-
spective design is a clear limitation, which may be overcome
only by a randomized controlled trial. The limited number of
included patients (i.e. 15% of consecutive BAV patients who
underwent AVR during the study period) may be explained by
conservative approach to the proximal aorta in our institution
during the study period. The third limitation is that we have no
data on the serial measurements of the downstream aorta for the
whole study population. The available echocardiographic data
are of screening value and only sufficient to exclude a clinically
relevant progression of distal aortic disease. Therefore, clinically
silent progression of downstream aortic disease may not be
excluded.

CONCLUSIONS

The current study demonstrates that BAV patients with aortic valve
insufficiency and a proximal aorta of ≥50 mm have a significantly
higher rate of moderate/severe EFL compared with their counter-
parts with BAV stenosis.

Conflict of interest: none declared.
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We read with great interest the paper by Girdauskas and colleagues who found that
patients with bicuspid aortic valve (BAV) insufficiency and a proximal aorta of ≥50
mm had a significantly higher rate of moderate/severe proximal aortic media elastic
fibre loss as compared to their counterparts with BAV stenosis [1].
We would like to add some thoughts about other fields of investigation between

patients with BAV stenosis versus BAV insufficiency and ascending aorta aneurysms.
The role of transforming growth factor β (TGFβ) pathway (expression of TGFβR1 and
TGFβR2) could be evaluated in BAV stenosis versus BAV insufficiency groups with
ascending aorta aneurysms. Forte et al. showed an increased TGFβ and TGFβR2
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