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Introduction

Bicuspid aortic valve (BAV) is the most common congenital 
heart defect with an estimated prevalence of 0.5–2% of 
the general population (1). Relationship between BAV and 
dilation of proximal aorta is well described in literature 
and recently defined as “bicuspid aortic valve syndrome”. 
The clarification of the natural history aspects of BAV 
disease is fundamental to better understand the clinical 
outcomes of patients that are, most of the times, young and 
asymptomatic (1,2). Michelena and co-authors have recently 
described the natural history of patients with normally-
functioning BAV (3). In this large population based study, 
about 5% of patients underwent isolated aortic surgery 
during life: in this rare subgroup, an intervention on the 

ascending aorta was necessary in absence of dysfunction 
of the BAV. Managing this subcategory of patients faced 
the cardiac surgeon to the possibility of preserve a not-
malfunctioning but congenitally altered root. With this 
report, we would like to clarify what can we expect from a 
conservative approach on a bicuspid root.

Patients and methods

We identified a group of 47 patients (mean age 57±11 y; 
range, 35–81 y; 31 males) who were treated by means of 
supracoronary aortic replacement in presence of a normally 
functioning BAV and not significantly enlarged sinus of 
Valsalva (mean diameter 41±4 mm) from 1996 to 2015. 
Among them, three patients underwent Emi-Yacoub 
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procedure for the presence of an asymmetrical dilation of 
aortic root with a more fragile wall detected only in non-
coronary sinus. An adjunctive subcommissural annuloplasty 
was moreover performed in 14 cases for the presence of 
a mild aortic regurgitation (AR) due to dilation of sino-
tubular junction (no leaflet pathology was present). Table 1 
resumes the main preoperative features.

Study design and statistical analysis

Data from our institutional database regarding preoperative 
features, intraoperative characteristics and postoperative 
outcomes were analyzed retrospectively. 

Clinical follow-up (mean 93±50 months; range, 21–207) 
was 98.9% complete. All survivor patients underwent 
cl inical  examination and echocardiographic exam  
during years. 

Statistical analysis was performed with Stat View 4.5 (SAS 
Institute Inc., Abacus Concepts, Berkeley, CA, USA). 

Freedom from all-cause mortality, cardiac death (all 
unknown cause deaths were considered as cardiac), need of 
new interventions and occurrence of major adverse cardiac 
and cerebrovascular events during the follow-up period 
were expressed as mean values plus or minus 1 standard 
deviation and computed using the Kaplan-Meier method. 

Results 

Mean aortic clamp was 45±17 min while mean CPB time 
was 65±26 minutes.

In hospital survival was 100%. Pre-discharge echoes 
showed no cases of significant AR (>2+) or stenosis. 

Freedom from cardiac death at 5- (60 months) and  
10-year (120 months) was 95%±5% and 83%±16% 
respectively (Figure 1). 

During follow up period, three patients required 
reoperation for the development of aortic insufficiency  
[2 cases treated by aortic valve replacement (AVR)] and one 
for progression of aortic stenosis (AS) which was treated 
by means of transcatheter aortic valve implantation (TAVI) 
procedure. Table 2 resumes features of redo operation. 
Freedom from new procedure on aortic valve was 100% and 
94.4%±5.6% at 5- (60 months) and 10-year (120 months) 
(Figure 2). Freedom from thromboembolic or bleeding 
events was 100% and 95%±5% at 5- and 10-year. No cases 
of endocarditis, acute aortic syndromes and new onset of 
dilation of sinuses on Valsalva were observed. Composite 
event-free survival (Figure 3) at 5- and 9-year was 82%±18% 
and 69%±30% (3 cardiac deaths; 2 not cardiac deaths;  
3 deaths for unknown causes; 1 ictus cerebri; 3 reoperations; 
1 rehospitalization). No differences were detected between 
patients treated with adjunctive aortic annuloplasty or  
Emi-Yacoub procedure and those treated just by ascending 
aorta replacement (AAR). At follow-up, all survivor patients 
were clinically stable with mean NYHA class 1.3±0.6. 

Table 1 Preoperative features and operative data

Characteristics N=47, n (%)

Age, y 57±11

Male sex 31 (66%)

Body surface area (m²) 1.85±0.29

Family history for BAV 4 (8.5%)

Hypertension 30 (64%)

Peripheral disease 2 (4%)

Chronic lung disease 6 (13%)

Previous aortic coarctation 1 (2.1%)

Previous acute myocardial infarction 3 (6%)

Coronary artery disease 5 (10%)

Chronic kidney disease 5 (10%)

Preoperative LVEF (%) 62±7

Operations

Supracoronary aortic replacement 44 (94%)

Supracoronary + NC sinus 3 (6%)

Procedure on aortic arch 1 (2.1%)

Aortic valve repair 14 (29%)

Adjunctive procedure

CABG 5 (10.6%)

Mitral valve repair 2 (4%)

Left atrial ablation 1 (2.1%)

X clamp (min) 45±17

Cardiopulmonary bypass time (min) 65±26

DHCA, n (%) 3 (6%)

DHCA time (min) 15±10

BAV, bicuspid aortic valve; LVEF, left ventricle ejection 
fraction; CABG, coronary artery bypass grafting; DHCA, deep 
hypothermic circulatory arrest.
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Discussion

Relationship between BAV and dilation of proximal aorta 
is well described in literature. Clarify of all the aspects of 
BAV disease is fundamental for the definition of clinical 
outcomes of patients (1,2). Michelena and Co-Workers 
have well described the natural history of patients with 
normally-functioning BAV. In these series about 5% of 
patients underwent isolated aortic surgery during life: this is 
the subcategory of patients that we are focusing on (3).

Fate of BAV spared at the time of surgery was analyzed 
by Veldtman and co-workers on a series of 21 patients, 
reporting a 95% freedom from reoperation at 5 years 
follow-up (4).

Recently we have reported a series of 40 consecutive 
patients treated by means of AAR with conservative 
approach on BAV and sinus of Valsalva. In our previous 
series two surviving patients (5%) required reoperation 
for the development of aortic insufficiency during follow-
up (median 62 months; range, 7–175) with a freedom from 
AVR of 100% and 90%±10% respectively at 5 and 10 
years, no need of new intervention on sinus of Valsalva and 
a linear risk of adverse event of about 1.2–1.5% per year 

(5). Based on our findings, sparing a BAV during proximal 
aorta surgery is a reasonable option with a low risk of the 
progression of pathology and reoperation during a long-
term period of follow-up (5,6).

In these reports, we have analysed data of 47 patients, 
treated in an eighteen years period, with a mean follow up 
of 93±50 months. 

This report represents an important update of previous 
described experience and strongly confirms that the bicuspid 
aortic root, if non-dilated at the time of surgery without 
area of localized alteration of aortic wall and in presence of 
a really normally functioning valve (no increased gradient, 
<3+ AR), can be spared with optimal long-term integrity. 
The elongation of follow-up elsewhere described showed 
an improvement of freedom from new procedure on aortic 
valve and absence of new occurrence of root dilation. 

It is very interesting that we have also described a case 
of progression of AS that was successfully treated by TAVI. 
To the best our knowledge this is the longest follow-up 
report of such progression of disease in this particular 
situation and the first time that TAVI solution was proposed 
and successfully applied. In presence of a possible severe 
progression of pathology of a BAV after many years from 
first surgical operation, we believe that TAVI is a reasonable 
therapeutic strategy (7). 

In the present series, we did not observe significant 
enlargement of spared sinus of Valsalva needing for 
new intervention. This evidence suggests that, during 
management of bicuspid aortic aneurysm, when an isolated 
ascending phenotype is detected, long-term durability of 
root and valve are similar to a biological valved graft and 
represents a good option especially in older patient. 

This data seems to be in line with the more specific criteria 
included in the 2012 European Society of Cardiology/
European Association for CardioThoracic Surgery guidelines 
for management of valve diseases regarding the indication 
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Figure 1 Freedom for cardiac death.

Table 2 Redo operations

Patient
Age at 

intervention
AR at 

intervention
Root at 

intervention
Type of 

intervention
Months between 

procedure
REDO procedure Indication for REDO

1 66 1+ 43 AAR + EMI 158 AVR AR

2 57 1+ 39 AAR 103 AVR AR

3 70 0+ 37 AAR 201 TAVI AS

AAR, ascending aorta replacement; EMI, Emiarch resection; AVR, aortic valve replacement; AR, aortic regurgitation; AS, aortic stenosis; 
TAVI, transcatheter aortic valve implantation.
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for ascending aorta pathology (8). The cut-off is set at 
55 mm, or 50 mm in the case of associated coarctation, 
family history of dissection, hypertension or growth rate 
greater than 2 mm/year, or 45 mm in the case of valve 
surgery. However, the level of evidence supporting current 
recommendations is still inadequate and guidelines are 
mostly derived from expert consensus. In our work, the 
average aortic root diameter is in all cases clearly below 4.5 
cm, hence no recommendation exists for our population and 
the absence of new reoperation of aortic root is in favour of 
this approach. 

Unfortunately,  no independent risk factors for 
reoperation emerged during statistical analysis.

Our study has several limitations: first of all, it is 
retrospective and not randomized one. Moreover, we just 
performed a clinical follow-up and not an echocardiographic 
or radiologic FU. We would like also to assess that at 10 
years patients at risk were about 20% of the population 

and for this reason further studies with larger number 
of patients and longer follow-up are necessary to better 
understand the real nature of this pathology.

Conclusions

In conclusion, our data show that, although in the setting 
of a BAV aortopathy, aortic root integrity seems to 
remain stable during long term follow up with low rate of 
reoperation and occurrence of new adverse event (valve 
and aortic related). TAVI could be a possible option for the 
“redo” procedure. Conservative approach on bicuspid aortic 
root is a reasonable option for patients with BAV aortopathy 
and isolated ascending aorta phenotype.
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