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ABSTRACT

Introduction: Bicuspid aortic valve is the most common congenital heart disease. Traditionally, aortic valve replacement has 
been the approach for patients requiring surgery. After introduction of the bicuspid aortic valve repair concept, our group 
began reproducing these techniques, which have been standardized and homogeneously applied at our institutions.
objectives: The aim of this study was to review the joint experience of three centers and show the mid- and long-term results 
of bicuspid aortic valve repair.
Methods: Between October 1995 and February 2013, 666 patients with bicuspid aortic valve underwent surgery for aortic 
regurgitation and/or aortic aneurysm. Isolated aortic regurgitation was present in 254 patients, and 412 had aortic aneurysm 
or dissection. The valve was reconstructed in all the patients (isolated valve repair in 254, “remodelling of the aortic root” in 
281, remodelling of the sinotubular junction in 129 and “reimplantation” technique in 2).
results: Mortality was 3/666 (0.5%): 1/254 (0.4%) after isolated valve repair and 2/410 (0.5%) after valve repair plus aortic 
replacement. In patients with combined procedures (coronary revascularization or mitral/tricuspid valve repair), mortality 
was 1/77 (1.3%).
During follow-up, 12 patients died (10-year survival: 95%). Freedom from reoperation and from aortic valve replacement at 
10 and 15 years was 80% and 77%, and 86% and 83%, respectively. Freedom from reoperation at 10 years was higher with 
aortic root (86%) or tubular aorta (84%)replacement, compared with isolated valve repair (74%; p = 0.005). Freedom from 
any valve-related complication was 80% and 77% at 10 and 15 years, respectively, and was better for valve repair including 
“remodelling of the aortic root” (87% and 82%) than for isolated repair (77% and 77%; p = 0.04).
Conclusions: Bicuspid aortic valve repair is a safe, long-lasting procedure, with a low incidence of mid- and long-term “valve-
related complications”.
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RESUMEN

Introducción: La válvula aórtica bicúspide es la anomalía congénita cardíaca más frecuente. En pacientes con requerimiento 
de cirugía, el tratamiento tradicional ha sido la sustitución valvular. La introducción del concepto de reparación de la válvula 
aórtica bicúspide ha llevado a nuestro grupo a reproducir las técnicas de reparación, las cuales se han estandarizado y apli-
cado de manera homogénea en nuestras instituciones.
objetivos: Revisar la experiencia conjunta de tres centros, con la presentación de los resultados a mediano y a largo plazos 
de la reparación valvular.
Material y métodos: Entre octubre de 1995 y febrero de 2013 se intervinieron 666 pacientes con válvulas bicúspides e insufi-
ciencia aórtica y/o aneurisma de la aorta. De ellos, 254 presentaban insuficiencia aórtica aislada y 412, aneurisma o disección. 
Se reconstruyó la válvula en todos los pacientes (en 254 como procedimiento aislado, en 281 “remodelación de la raíz”, en 129 
remodelación de la unión sinotubular y en 2 “reimplantación”).
resultados: La mortalidad fue de 3/666 (0,5%): 1/254 (0,4%) tras reparación valvular aislada y 2/410 (0,5%) tras reparación 
más reemplazo de la aorta. En pacientes con cirugía asociada (coronaria, reparación mitral/tricúspide) fue de 1/77 (1,3%).
Durante el seguimiento murieron 12 pacientes (supervivencia a los 10 años: 95%). Las libertades de reoperación y de sustitu-
ción valvular a los 10 y 15 años fueron del 80% y 77% y del 86% y 83%, respectivamente. La libertad de reoperación a los 10 
años fue superior en el reemplazo de la raíz (86%) o la aorta tubular (84%) en comparación con la reparación aislada (74%; 
p=0,005). La libertad de cualquier complicación relacionada con la válvula fue del 80% y 77% a los 10 y 15 años, respectiva-
mente, y fue mejor para reparación incluyendo “remodelación de la raíz” (87% y 82%) que para reparación aislada (77% y 
77%; p=0,04).
Conclusiones: La reparación de la válvula aórtica bicúspide es un procedimiento seguro y duradero, con una incidencia baja 
de “complicaciones relacionadas con la válvula” a mediano y a largo plazos.

Palabras clave: Válvula aórtica bicúspide - Insuficiencia aórtica - Aneurisma aorta - Cirugía de reparación valvular.

REV ARGENT CARDIOL 2014;82:481-486. http://dx.doi.org/10.7775/rac.v82.i6.4362
SEE RELATED ARTICLE: Rev Argent Cardiol 2014;82:452-453. http://dx.doi.org/10.7775/rac.v82.i6.5549

Received: 04/21/2014   Accepted: 09/11/2014

Address for reprints: Carlos Porras. Hospital Universitario Virgen de la Victoria. Málaga, España - e-mail: capoma@yahoo.es

 
CME 



ARGENTINE JOURNAL OF CARDIOLOGY / Vol 82 nº 6 / DecemBer 2014482

INTRODUCTION
Bicuspid aortic valve is the most common congenital 
heart disease,  and is characterized by fusion of two 
of the three aortic leaflets. The patterns of fusion are 
variable, and the most common fusion comprises the 
right and left cusps. (1) This defect is four times more 
common in men, and about 50% of subjects with a bi-
cuspid aortic valve develop dilation of the aortic root 
or the ascending aorta. (2-4) The anatomical diagnosis 
of bicuspid aortic valve and its function are easily per-
formed with echocardiography, but sometimes it may 
be difficult to distinguish between a tricuspid aortic 
valve and a partially fused bicuspid valve.

Normally functioning bicuspid aortic valves can re-
main hemodynamically normal for over 7 decades, (2-
5); yet, many patients will need surgery in the course 
of their lives, mostly due to aortic stenosis. Only 20% 
to 25% of patients will require surgery for aortic re-
gurgitation, generally between the third and fourth 
decades of life, and surgery may also be necessary if 
the size of the aorta exceeds a certain limit.

Aortic valve replacement has been the traditional 
treatment of aortic valve disease, but some patients 
require associated replacement of the aortic valve 
and aorta. Aortic valve replacement with a mechani-
cal valve is associated with 1% risk of reintervention 
per year, which is similar to valve-related mortality. 
(6) The combined incidence of thromboembolic and 
bleeding complications ranges between 2.5% and 3.5% 
per year. (6) Degeneration of biological prostheses de-
pends on the patients’ age, and although they may be 
a very good option in elderly patients, they result sub-
optimal under the age of 50.

The concept of aortic valve repair of insufficient 
bicuspid aortic valve was introduced in 1992. (7) Our 
group has been able to reproduce these techniques.(8) 
We have also developed the concept of bicuspid aortic 
valve preservation or repair in the presence of aortic 
root or ascending aorta aneurysm. (9) In addition, we 
have described that the correction of cusp prolapse 
could be improved by measuring the effective height 
as an objective parameter of valve configuration. (10) 
Increased experience has improved the selection of 
patients who are candidates for aortic valve repair 
based on predictors of early failure. (11, 12) Although 
there are several publications about aortic valve re-
pair, most of the published series are short and with 
limited follow-up. (12-19)

Repair techniques have been standardized and ho-
mogeneously applied at our institutions. The aim of 
this analysis was to review our joint experience and 
show mid and long-term results. We present the im-
mediate outcomes (complications and in-hospital mor-
tality) and the outcomes during follow-up (complica-
tions, late mortality, freedom from reoperation and 
freedom from valve-related complications). (20)

METHODS 
type of study
We conducted a longitudinal, descriptive and prospective study.

Study population
Between October 1995 and February 2013, 666 patients 
were operated on in three centers (SUH, HUVV, HXI)for 
aneurysm of the aortic root with bicuspid aortic valve and 
aortic regurgitation and/or aneurysm of the aorta. The popu-
lation consisted of 579 men (87%) and 87 women (13%) with 
mean age of 47 ± 14 years (3 - 86 years). Aortic regurgitation 
was severe in 541 patients (81.2%), moderate in 83 (12.5%) 
and mild or minor in 42 (6.3%). The primary indication for 
surgery was aortic regurgitation in 491 patients (73.7%), en-
docarditis in 11 (1.7%) and double lesion in 11 (1.7%). Other 
indications were stable aortic aneurysm, (n = 141, 21.1%) 
and type A acute aortic dissection (n = 12, 1.8%). Isolated 
aortic regurgitation was present in 254 cases (38.1%) and 
aortic aneurysm or aortic dissection was seen in 412 (61.9%).

All patients signed an informed consent, and the Ethics 
Committee of the participating centers authorized the use of 
patient data for analysis and anonymous publication.

Surgical technique
All patients underwent aortic valve repair. In 254 patients 
(38.1%) the procedure was isolated; “aortic root remodel-
ling” was performed in 281 patients (42.2%), remodelling of 
the sinotubular junction in 129 (19.4%), and “reimplantation 
technique” in 2 (0.3%). The associated procedures included: 
aortic arch surgery in 69 patients (10.4%) with total replace-
ment in 3 (0.4%), coronary artery bypass graft surgery in 45 
patients (6.8%), and mitral valve repair in 28 patients (4.2%) 
which was associated with tricuspid valve repair in 6 (0.9%). 
Radiofrequency catheter ablation of the left atrium was per-
formed in cases of atrial fibrillation (n = 23, 3.5%).

The surgical details have been previously published. (8-
13, 21, 22) Standard techniques,with median sternotomy, 
were used in all cases. The anatomic characteristics of the 
valve were carefully documented. The valve was repaired 
in all cases with concomitant ascending aorta replacement 
if the aortic diameter exceeded 4.5 cm. The aortic root was 
also replaced when the sinus diameter exceeded 4.3 - 4.5 cm, 
particularly if the anatomic characteristics of the valve were 
unfavorable. (12)

The geometric height of the “nonfused” cusp (21) was 
measured and the valves were repaired if the height was 20 
mm or greater. The presence of leaflet prolapse was deter-
mined using the concept of effective height, (22) measured 
with a specific caliper  (MSS-1, Fehling Instruments, Karl-
stein, Germany). Prolapse of the “nonfused” cusp (when 
its effective height was < 9 mm) was corrected by placing 
central plicating sutures on the free margin of the cusp. 
(13) The free margins of the “nonfused” cusp were aligned 
and the excessive tissue was removed by central plication. 
In case of intense fibrosis, calcification of the raphe or ex-
tensive tissue redundancy making central plication difficult, 
triangular excision was chosen.

In 129 patients (19.4%) the tubular aorta was replaced 
by remodelling the sinotubular junction. In another 283 pa-
tients (42.5%), the aortic root was also replaced using the 
aortic root remodelling technique in 281 cases (99.3%).

In the last 275 cases of aortic valve repair with or with-
out aortic root replacement (41.3%) the aortic annular 
base was supported by a braided polyester suture or a pol-
ytetrafluoroethylene suture tied around a 23-mm or 25-mm 
Hegar dilator. (23)

In 139 patients (20.9%) a pericardial patch was used to 
replace the valvular tissue after calcium excision or to close 
a perforation caused by endocarditis.

Seventy-seven patients (12%) underwent combined pro-
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subarachnoid hemorrhage (n = 1; 0.1%),  mesenteric 
ischemia  (n = 1; 0.1%) and ventricular fibrillation (n 
= 1; 0,1%).

Cumulative follow-up involved 3,323 patient-years 
(mean 61 ± 45 months; median 57 months).

During follow-up, 12 patients (1.8%) died between 
2 and 110 months after the intervention. The causes 
of death were sudden death (n = 4; 0.6%), sepsis (n 
= 2; 0.3%), endocarditis (n = 1; 0.1%), stroke (n = 1; 
0.1%), suicide (n = 1; 0.1%) or unknown causes (n = 
3; 0.4%). Actuarial survival at 10 years is 95%.

Among the 663 surviving patients, 73 (10.9%) re-
quired reoperation. In 5 (6.9% of reoperations) reop-
eration was indicated due to calcified aortic stenosis, 
between 9 and 12 years after the first intervention. 
These 5 patients belonged to a cohort of 98 followed-
up for 9 years or more. In the other 68 patients (93.1% 
of reoperations) reoperation was due to recurrence of 
the aortic regurgitation, and in 5 of them as a conse-
quence of endocarditis. Aortic valve replacement was 
performed in 35 reoperations (51.5%) and 33 patinets 
(48.5%) underwent a new aortic valve repair. Four of 
the latter required aortic valve replacement in a second 
reoperation. Freedom from reoperation was 80% at 10 
years and 77% at 15 years. Freedom from aortic valve 
replacement was 86% at 10 years and 83% at 15 years.

Freedom from reoperation at 10 years was signifi-
cantly higher after replacement of the aortic root as 
root remodelling (86%) or replacement of the tubu-
lar aorta as remodelling of the sinotubular junction 
(84%), compared with isolated valve repair (74%; p = 
0.005) (Figure 1).

In 139 patients (20.9%) a pericardial patch was 
used to replace the valvular tissue. Its use was associ-
ated with reduced stability of valve repair at 5 years 
(77%), compared with the procedures that did not 
include partial replacement of any leaflet (92%; p < 
0.001) (Figure 2).

Freedom from reoperation at 10 years differed if 
the primary indication of surgery was aortic regur-
gitation (78%) or aortic aneurysm (88%; p = 0.02). 
However, freedom from reoperation at 15 years was 
identical (78%) (Figure 3).

Freedom from any valve-related complication was 
80% at 10 years and 77% at 15 years after surgery, and 
was better for valve repair, including “remodelling of 
the aortic root” (87% and 82%) than for isolated valve 
repair (77% and 77%; p = 0.04) (Figures 4 and 5).

DISCUSSION
Traditionally, the morphology of bicuspid aortic valve 
has been considered pathological and, thus, many bi-
cuspid valves are resected and replaced by prostheses, 
regardless of their functional status ( in cases of sur-
gery of aortic root aneurysm). This concept is chang-
ing as the knowledge of the natural history of bicuspid 
aortic valve increases. (1-5) The greater experience 
with valve replacement has documented evidence that 
the current prostheses are associated with a signifi-

cedures, including coronary artery bypass grafting (n = 45; 
6.8%), mitral valve repair (n = 28; 4.2%), tricuspid valve re-
pair (n = 6; 0.9%) or aortic root replacement (n = 69; 10.4%, 
with total replacement in 6 cases, 0.4%). Radiofrequency 
catheter ablation of the left atrium (n = 23; 3,5%) was per-
formed in cases of atrial fibrillation.

Aortic cross-clamp, cardiopulmonary bypass and circula-
tory arrest (when necessary) times were 76 ± 29, 53 ± 22 
and 7 ± 6 minutes, respectively.

echocardiography
Valve function was evaluated by intraoperative transeopha-
geal echocardiography (Siemens Acuson Sequoia, Moun-
tain View, USA and General Electric Vivid E9, Wauwatosa, 
USA). Transthoracic echocardiography was performed to 
all the patients before the intervention, before discharge 
and during follow-up visits. Valve function and competence 
were quantified following the recommendations of practice 
guidelines. (24) The severity of aortic regurgitation was de-
termined based on the following criteria: grade 0 (absent or 
trivial), grade 1 or mild (vena contract a< 3, effective regur-
gitant orifice area < 10, regurgitant volume < 30), grade 
2 or “mild to moderate”(effective regurgitant orifice area 
10-19, regurgitant volume 30-44), grade 3 or “moderate to 
severe” (effective regurgitant orifice area 20-29, regurgitant 
volume 45-59) and grade 4 or “severe” (vena contract a > 6, 
effective regurgitant orifice area > 30, regurgitant volume 
> 60). (25)

follow-up and statistical analysis
Follow-up was performed 30 or 45 days after the interven-
tion, at one year and once a year thereafter, with clinical 
interview and echocardiography. The information was intro-
duced in an aortic valve repair and aortic aneurysm data-
base, and is included in the international AVIATOR registry 
since January 2013. (26)

Quantitative variables are expressed as mean ± stand-
ard deviation. The chi square test was used to compare 
categorical variables and Student´s t test for continuous 
variables. Kaplan-Meier curves were calculated for survival, 
freedom from reoperation and freedom from aortic valve 
replacement. The log-rank test was used to evaluate inter-
group differences in the Kaplan-Meier analysis. Statistical 
analyses were performed using SPSS 17 (SPSS Inc, Chicago, 
USA) and Prism (Prism, GraphPad Inc, San Diego, USA) 
statistical packages.

RESULTS
Conversion to aortic valve replacement during valve 
repair was not necessary in any case; yet, in 35 pa-
tients (4.99%) in whom valve repair was intended 
(and who are not part of this study) valve replacement 
was performed due to unfavorable anatomic charac-
teristics (fenestrations, retraction or calcification).

Five patients (0.7%) were reoperated due to bleed-
ing and 2 pacemakers were implanted (0.3%).

Three patients died, resulting in 0.5% in-hospital 
mortality (mortality within 30 days or during hospital 
stay). Mortality after isolated valve repair was 1/254 
(0.4%) and 2/410 (0.5%) for valve repair plus replace-
ment of the aorta. Mortality of patients with com-
bined procedures (aortic valve replacement associated 
to coronary artery bypass grafting or mitral or tricus-
pid repair) was 1/77 (1.3%). The causes of death were 
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theses are implanted to these patients with the need 
of lifelong anticoagulation and the subsequent low, 
though existing risk of thromboembolic and hemor-
rhagic complications. (6, 28) Valve repair is even more 
attractive in patients with aneurysm of the aorta and 
mild or moderate aortic regurgitation.

Different combined series have been published show-
ing the outcomes of bicuspid aortic valve reconstruction, 
though in general, they include a limited number of pa-
tients and short follow-up (12-18) (Table 1).

As a consequence of higher experience, we could 
identify predictors of stable repair,allowing a repro-
ducible selection of patients and valves that may be 
candidates for these procedures. We have found that 
aortic valve repair is feasible in almost all the patients 
without leaflet calcification at echocardiography. (12) 
The current results demonstrate that a good stability 
of valve function can be achieved at 10 and 15 years.

Even more importantly, our results support previ-
ous findings reporting that the incidence of “valve-
related complications” is significantly lower than the 
one described for valve replacements. (29) Although 
complications may appear after repair, particularly 

cant probability of “valve-related complications”and 
are therefore not the ideal solution. (6)

Bicuspid aortic valve repair started with Cosgrove 
et al., (7) who estimated that the rate of complica-
tions with this technique would be lower than those 
of aortic valve replacement. The option of valve repair 
is specially attractive for young patients with aortic 
regurgitation that frequently develop severe symp-
tomatic regurgitation. (27) For these young subjects, 
biological prostheses are not a good option due to 
their limited durability. Therefore, mechanical pros-

fig. 1. Freedom from reoperation after the three procedures used 
in bicuspid aortic valve repair. STJ: Sinotubular junction. Remodel-
ling: “Root remodelling”.

fig. 4. Freedom from any “valve-related complication”after bicus-
pid aortic valve repair.

fig. 5. Freedom from any “valve-related complication”after bi-
cuspid aortic valve repair, including “remodelling of the aortic 
root”,versus isolated valve repair and remodelling of the sinotu-
bular junction (STJ).

fig. 2. Freedom from reoperation after bicuspid aortic valve repair 
with or without the use of a pericardial patch to replace part of 
a leaflet.

fig. 3. Freedom from reoperation after bicuspid aortic valve repair 
depending on whetherthe primary indication of surgery is valvular 
dysfunction or aortic disease (aneurysm or dissection).

Freedom from reoperation

Follow-up (months)

STJ remodelling n=129
isolated valve repair n=254
remodelling n=281

p = 0.005

Freedom from reoperation

Freedom from reoperation

Follow-up (months)

Follow-up (months)

without pericardial patch n=527
with pericardial patch n=139

p< 0.0001

Indication: aorta n=153
Indication: aortic valve n=513

p=0.02

Follow-up (months)

Follow-up (months)

Freedom from any valve-related complication

Freedom from any valve-related complication

remodelling

isolated repair or STJ    

remodelling

p=0.04
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