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ABSTRACT

Introduction: The aortic valve-sparing operation offers the unique possibility of preserving the native valve in patients who 
need surgical treatment for aortic root disease. 
Objective: The aim of this study was to assess the long term outcome of the aortic valve-sparing operation with reimplanta-
tion technique at the Hospital Universitario Fundación Favaloro. 
Methods: A total of 66 patients underwent aortic valve-sparing operation from June 1998 to December 2011. Fifty three 
patients operated on with the aortic valve reimplantation technique were included in the study and 13 patients operated 
with the remodeling technique were excluded. Clinical and echocardiographic follow-up was performed. Aortic insufficiency 
was graded as 0: absent; 1+: mild; 2+: moderate; 3+: moderate-severe, and 4+: severe. Survival and freedom from aortic 
insufficiency >2+ and reoperation were analyzed using the Kaplan Meier method. 
Results: Mean age was 45±17 years, 79% of patients were men and 36% had Marfan syndrome. In-hospital and late mortality 
was 3.8%. Survival at 8 years was 91% (95% CI: 78-97%). Freedom from aortic insufficiency > 2+ and reoperation at 8 years 
was 84% (95% CI: 66-92%) and 90% (95% CI: 74-96%), respectively. Preoperative aortic insufficiency >2+ was not associated 
with aortic insufficiency >2+ (RR 1.45; p=0.16) or reoperation (RR 1.96; p=0.4) during follow-up.
Conclusions: In our experience, the aortic valve-sparing operation with reimplantation technique in patients with aortic root 
disease shows comparable results to other published international series. This surgical technique is a valid option for eligible 
patients duly informed about the different surgical techniques, and should be performed in experienced centers.
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RESUMEN

Introducción: La cirugía de preservación de la válvula aórtica ofrece la única oportunidad de conservar la válvula en pa-
cientes que requieren una intervención quirúrgica por enfermedad de la raíz aórtica.
Objetivo: Analizar los resultados a largo plazo de la cirugía de preservación de la válvula aórtica con técnica de reimplante 
en el Hospital Universitario Fundación Favaloro.
Material y métodos: Desde junio de 1998 a diciembre de 2011 se intervinieron 66 pacientes con cirugía de preservación de la 
válvula aórtica. Se incluyeron 53 pacientes operados con técnica de reimplante y se excluyeron 13 pacientes intervenidos con 
técnica de remodelación. Se realizó seguimiento clínico y ecocardiográfico. La insuficiencia aórtica se clasificó en: 0: ausente; 
1+: leve; 2+: moderada; 3+: moderada-grave; 4+: grave. La supervivencia y la ausencia de insuficiencia aórtica > 2+ y de 
reoperación se analizaron con el método de Kaplan-Meier.
Resultados: La edad media de los pacientes fue de 45 ± 17 años, el 79% eran de sexo masculino, el 36% con síndrome de 
Marfan. La mortalidad hospitalaria y tardía fue del 3,8%. La supervivencia global a los 8 años fue del 91% (IC 95% 78-97%). 
La ausencia de insuficiencia aórtica > 2+ y de reoperación a los 8 años fue del 84% (IC 95% 66-92%) y del 90% (IC 95% 74-
96%), respectivamente. La insuficiencia aórtica preoperatoria > 2+ no se asoció con insuficiencia aórtica > 2+ (RR 1,45; p 
= 0,16) ni con reoperación (RR 1,96; p = 0,4) durante el seguimiento.
Conclusiones: En nuestra experiencia, la cirugía de preservación de la válvula aórtica con técnica de reimplante en pacientes 
con patología de la raíz aórtica muestra resultados comparables a los de otras series internacionales publicadas. Esta técnica 
quirúrgica es una opción válida para pacientes seleccionados, correctamente informados sobre las diferentes técnicas quirúr-
gicas, y debe realizarse en centros con experiencia.
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INTRODUCTION
The term “aortic valve-sparing operation” was first 
introduced at the early 1990s to describe procedures 
aiming to preserve the native aortic valve in patients 
with aortic root aneurysm with or without associated 
aortic insufficiency. (1-3)

Most patients with aortic root aneurysm require 
surgery mainly on account of the diameters at the aor-
tic sinus level rather than for the aortic insufficiency. 
(4) In those patients with structurally normal aortic 
valve, the aortic valve-sparing operation offers the 
only possibility of preserving the native valve, remov-
ing during the same procedure the diseased aortic root 
tissue. Patients affected with Marfan syndrome ben-
efit mostly from this surgical technique. (5)

The aortic valve-sparing operation captured the in-
terest of surgeons and cardiologists due to the known 
limitations of prosthetic valves. (4) On the one hand, 
mechanical prostheses require lifelong anticoagulation 
and present associated thromboembolic and hemor-
rhagic morbidity. On the other hand, biological pros-
theses are likely to require future reoperations. (5)

The main aim of the aortic valve-sparing operation 
has been the demonstration of a lower rate of major 
associated valve events compared with the Bentall De 
Bono surgery, which is the procedure of choice for the 
surgical treatment of the aortic root. (6)

There are two techniques to preserve the aortic 
valve. The first is the remodeling technique described 
by Yacoub et al. (7), where the aortic root is replaced 
with a Dacron graft starting at the supra-annular lev-
el, without involving the aortic annulus. The second 
is the reimplantation technique described by David 
and Feindel (1) which replaces the aortic root with a 
Dacron graft starting at the subannular level, thus 
involving the aortic annulus. (8, 9) During long-term 
follow-up, the reimplantation technique has shown 
greater stability of the aortic valve function than the 
remodeling technique, especially in patients with dila-
tion of the aortic annulus. The main reason for failure 
of the remodeling technique is the progressive dila-
tion of the aortic root and annulus. Therefore, the re-
modeling technique is recommended only in elderly 
patients with aortic root aneurysm and normal aortic 
annulus. (4, 10)

The aim of our study was to analyze the 13-year 
experience in aortic valve-sparing operation with re-
implantation technique at the Hospital Universitario 
Fundación Favaloro.

METHODS 
Patients
Sixty-six patients underwent consecutive aortic valve-spar-
ing operation at our institution from July 1998 to December 
2011. The study included 53 patients who underwent the re-
implantation technique operation and excluded 13 patients 
operated on with the remodeling technique.

Preoperative and operative echocardiographic evaluation
Prior to surgery, cardiac color Doppler transthoracic echo-

cardiography was performed, using 1500. 2500, 5500 and 
7500 (Hewlett Packard), Vivid 7 (General Electric) and IE33 
(Philips) ultrasound machines, to assess aortic root, ascend-
ing aorta and aortic arch dimensions, and evaluate aortic 
valve morphology and function. Aortic insufficiency was 
graded as 0: absent; 1+: mild; 2+: moderate; 3+: moderate-
severe, and 4+: severe. (11, 12) Biventricular function and 
morphology and function of the other cardiac valves were 
also analyzed.

In addition, angiotomography was performed to all pa-
tients to assess aortic root, ascending aorta and aortic arch 
dimensions, and cinecoronariography or coronary multislice 
computed tomography to evaluate the coronary anatomy.

In the operating room, patients were evaluated with car-
diac color Doppler transesophageal echocardiography after 
aortic valve-sparing operation to assess aortic valve func-
tion, valve coaptation surface, neo-aortic root dimensions 
(aortic annulus, sinusoidal level, sinotubular junction and 
tubular level), and biventricular function.

Surgical technique
Surgery was performed by median sternotomy with extra-
corporeal circulation using membrane oxygenators and 
moderate hypotermia. Myocardial protection was achieved 
by cold antegrade and retrograde blood cardioplegia. Deep 
hypothermia was used only in case of circulatory arrest for 
aortic arch replacement. 

The reimplantation technique was used in the 53 patients 
included in this study, with 3 different variations: Tirone Da-
vid I (16 patients) which uses a Dacron graft 2-4 mm larger 
than the aortic annulus internal diameter; Tirone David V (28 
patients) which employs a Dacron graft 6-8 mm larger than 
the aortic annulus internal diameter, matching the annulus 
size with that corresponding to the patient´s body surface 
area, followed by creation of Valsalva pseudosinuses with di-
ameter similar to that of the aortic annulus; and Tirone David 
V with Standford modification (9 patients), in which another 
22-24 mm Dacron graft is used distal to the sinotubular junc-
tion of the Dacron graft (1, 9, 13-15). Prolapse of one or more 
cusps was verified in 6 patients after aortic root reconstruc-
tion and corrected with plication.

Clinical and echocardiographic follow-up
Clinical and echocardiographic follow-up was managed by 
in-office or telephone visits between the third and sixth 
postoperative month and henceforth, annually. Echocardio-
graphic evaluation included a detailed morphological and 
functional analysis of the aortic valve. The severity of regur-
gitation was classified as previously described

Statistical analysis
Continuous variables are expressed as mean ± standard de-
viation or median. Dichotomous variables are presented as 
integers or percentages.

Survival, freedom from aortic insufficiency > 2+ and 
freedom from reoperation were estimated with the Kaplan-
Meier method and strength of association between expo-
sures and events was estimated by means of the raw risk ra-
tio (RR) and its 95% confidence interval (CI). A multivariate 
logistic regression model with retrograde elimination was 
designed to establish independent predictors of late events. 
A two-tailed p value < 0.05 was considered as statistically 
significant.

Ethics
All patients signed an informed consent form to carry out 
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the surgical procedure.
The present study was approved by the Teaching and Re-

search Department of the Hospital Universitario Fundación 
Favaloro.

RESULTS
Population characteristics
Mean age was 45 ± 17 years and 79% of patients were 
men. Thirty-six percent of patients had diagnosis of 
Marfan syndrome, 17% of aortic dissection and 8% 
had bicuspid aortic valve. Grade 3+ and 4+ aortic in-
sufficiency was observed in 43% of cases (Table 1).

Aortic valve-sparing operation
Aortic cross-clamping time was 158 ± 32 min (range: 
64-220 min) and extracorporeal circulation time was 
186 ± 35 min (range: 116-260 min). Surgery was 
performed under moderate hypothermia (mean tem-
perature: 28 ± 2 °C) in all cases except in 16 patients 
who required circulatory arrest (mean time: 28 ± 7 
min, range: 18-37 min and mean temperature: 14 ± 
2 °C, range 12-18 °C). The preoperative aortic annu-
lus measured in the surgical room was 29 ± 2 mm 
and the postoperative annulus was 24 ± 1 mm. Me-
dian Dacron graft size was 32 mm. Intraoperative 
transesophageal echocardiography revealed grade 0 
aortic insufficiency in 68% of cases and grade 1 + in 
the remaining 32%.

Aortic valve-sparing operation was performed as 
combined procedure in 45% of patients (Table 2). 

In-hospital outcome
The following complications were observed during the 
postoperative period: reoperation for bleeding in 7 pa-
tients (4 with combination procedure and 2 with deep 
hypothermia and circulatory arrest) and for cardiac 
tamponade in 3 patients (2 with combination proce-
dures and 1 with deep hypothermia and circulatory 
arrest), low cardiac output syndrome requiring intra-
aortic balloon pump counterpulsation in 2 patients, 
acute renal failure in 3 patients with need for dialysis 
in one patient, mediastinitis in 1 patient, and defini-
tive pacemaker implantation in 2 patients.

In-hospital mortality was 3.8% (2 patients): one 
patient died due to intestinal necrosis in the third 
postoperative day and the other patient due to septic 
shock during the late postoperative interval (day 50):

Long-term follow-up
Mean follow-up interval was 4.7 ± 2.8 years and was 
complete in 98% of the study population.

Overall survival at 8-years was 91% (95% CI: 78-
97%) (Figure 1). Late mortality was 3.8% (2 patients), 
both for non-cardiac causes: one patient died due to 
renal cancer three years after the aortic-valve spar-
ing operation and the other patient due to pneumonia 
four years after surgery.

During echocardiographic follow-up, aortic insuf-
ficiency > 2+ was observed in 7 patients, 6 of which 

required reoperation: aortic valve replacement with 
mechanical prosthesis in 4 patients, Bentall De Bono 
surgery in 1 patient and cardio-renal transplantation 
in 1 patient for associated valve cardiomyopathy and 
chronic renal failure.

Number of patients

Age, years 

Male gender

Cardiovascular risk factors:

-	 Hypertension 

-	D iabetes 

-	D yslipidemia. 

-	 Current smoking 

Marfan syndrome

Bicuspid aortic valve

Aortic dissection:

-	A cute

-	 Chronic 

NYHA functional class:

-	I

-	II

-	III

-	I V

Coronary disease 

Reoperation 

Left ventricular ejection fraction

-	 > 55%

-	 45-55%

-	 35-45%

-	 < 35%

Aortic insufficiency, grades:

-	A bsent, grade 0.

-	M ild, grade 1+.

-	M oderate, grade 2+.

-	M oderate – Severe, grade 3+.

-	S evere, grade 4+.

Aortic root diameters:

-	A ortic annulus

-	 Valsalva sinuses

-	S inotubular junction

-	T ubular ascending aorta 

Aortic arch diameters

Urgencies / Emergencies

EuroSCORE 

53

45 ± 17 (17-77)

 42 (79)

23 (43)

2 (4)

9 (17)

4 (8)

19 (36)

4 (8)

9 (17)

4 (8)

5 (9)

12 (23)

11 (21)

3 (6)

2 (4)

8 (15)

2 (4)

57 ± 9 (28-79)

41 (77)

6 (11)

4 (8)

2 (4)

10 (19)

13 (25)

7 (13)

6 (11)

17 (32)

24 ± 4 (17 -32)

48 ± 9 (24 -75)

44 ± 10 (27 - 74)

44 ± 13 (22 - 81)

30 ± 10 (18 - 46)

2 (4) - 3 (6)

6.17 ± 1.73 (5 - 12)

n (%) or 
mean ± SD (range)

Table 1. Population characteristics 

SD: Standard deviation. NYHA: New York Heart Association.
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Freedom from aortic insufficiency > 2+ and free-
dom from reoperation at 8 years were 84% (95% CI: 
66-92%) (Figure 2) and 90% (95% CI: 74-96%) (Figure 
3), respectively.

In our series, presence of preoperative aortic in-
sufficiency > 2+ was neither associated with the de-
velopment of aortic insufficiency > 2+ (RR 1.45, p = 
0.16) nor with the need for reoperation (RR 1.96, p = 
0.4) during the long-term follow-up.

A multivariate logistic regression model with ret-
rograde elimination was designed for the composite 
of all-cause mortality and aortic insufficiency > 2+ 
at follow-up, revealing non-significant strength of as-

sociation with age ≥ 60 years (OR 3.71, p = 0.12) and 
urgent or emergency surgeries (OR 4.6, p = 0.14) (Ta-
ble 3).

No thromboembolic events, bleeding episodes or 
infectious myocarditis were observed during the long-
term follow-up.

DISCUSSION
The development of the aortic valve-sparing operation 
represents a progress in the treatment of aortic root 
disease. The most significant benefit of this type of 

Table 2. Combined procedures

Fig. 1. Overall survival Fig. 3. Freedom from reoperation.

Fig. 2. Freedom from aortic insufficiency (AI) > 2+

Procedure n (%)

5 (9) 

5 (9) 

5 (9) 

3 (6) 

1 (2) 

1 (2) 

1 (2) 

1 (2) 

1 (2) 

1 (2) 

Aortic arch replacement

Aortic arch replacement + Elephant trunk 

Myocardial revascularization surgery 

Mitral valve repair + Patent foramen ovale closure 

Aortic arch replacement + Myocardial 

revascularization surgery

Aortic arch replacement + Myocardial revascularization 

surgery + Mitral valve repair

Aortic arch replacement + Elephant trunk + Myocardial 

revascularization surgery

Mitral valve replacement 

Mitral valve repair + Left atrial appendage exclusion 

Closure of interatrial communication

Survival Freedom from reoperation

Freedom from AI > 2

91% at 8 years
(95% CI: 78-97%)

90% at 8 years
(95% CI: 74-96%)

84% at 8 years
(95% CI: 66-92%)

Time (years) Time (years)

Time (years)

Patients at risk Patients at risk

Patients at risk
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surgery is the prevention of problems associated with 
valvular prostheses. (5, 6) Franke et al. demonstrated 
the superiority of the aortic valve-sparing operation in 
patient quality of life, compared with the Bentall De 
Bono surgery. (16)

Many authors have reported low in-hospital mor-
tality rates for the aortic valve-sparing operation and 
excellent long-term survival. (10, 17-20) In the David 
et al. series, long-term overall survival following the 
aortic valve-sparing operation was 93 ± 4.4% at 10 
years. (4, 20) Similar to these results, overall survival 
reported in our study was 91% at 8 years (95% CI: 
78-97%). 

Essentially, the most important point to establish 
is the durability of this surgical technique. Freedom 
from reoperation is low in most reports. (4, 10, 20-23) 
The David et al. series showed excellent results in this 
respect, with 98 ± 5.3% freedom from aortic valve re-
operation at 10 years. (20) In the present study, free-
dom from reoperation at 8 years was 90% (95% CI: 
74-96%), similar to the meta-analysis of Benedetto 
and Takkenberg (24) who observed an aortic valve 
reintervention rate of 1.3%/year and to the Hanover 
series who reported 87% freedom from reintervention 
at 8 years. (25) In our experience, results are supe-
rior with the aortic valve-sparing operation compared 
with the durability reported for biological aortic pros-
theses. (26-31)

However, as aortic insufficiency is well tolerated, 
the reoperation rate could underestimate the surgi-
cal technique failure rate. (4) As demonstration of the 
durability of this surgical approach, we reported 84% 
(95% CI: 66-92%) freedom from aortic insufficiency > 
2+ at 8 years, while Davis et al. found 93 ±6.5% free-
dom from moderate or severe aortic insufficiency at 
10 years in their series of patients. (20)

Table 3. Univariate and multi-
variate analyses 

The meta-analysis published by Benedetto and 
Takkenberg (24) comparing the Bentall De Bono sur-
gery versus the aortic valve-sparing operation results 
in Marfan syndrome patients established that the rate 
of thromboembolic events was significantly greater in 
the Bentall De Bono surgery group. Conversely, the 
aortic valve-sparing operation group showed greater 
need for reoperation during follow-up, though no sig-
nificant differences were found in the rate of associ-
ated valve events between both groups. The authors 
concluded that the aortic valve-sparing operation rep-
resents a valid option for Marfan syndrome patients 
with aortic root aneurysm. However, this technique 
should be used with caution in patients with at risk 
valve characteristics, due to lower durability of the 
technique. Therefore, it is vital to correctly select 
patients who will most benefit from this surgical ap-
proach.
As shown in different studies (1, 24, 32) and estab-
lished by David et al., this surgical procedure is de-
manding, needs an important learning curve and 
should only be performed by surgeons with ample ex-
perience in aortic surgery. (4)
“The Aortic Valve Operative Outcomes in Marfan Pa-
tients Study Group” published early results compar-
ing the aortic valve-sparing operation and the Bentall 
De Bono surgery (32), and concluded that despite the 
need for more prolonged aortic cross-clamping and ex-
tracorporeal circulation times in the aortic valve-spar-
ing operation, there were no significant differences 
in postoperative complications between both groups. 
Thus, the greater technical complexity of the aortic 
valve-sparing operation did not translate into any de-
monstrable early adverse result. The same group re-
cently published the results at one year, (33) without 
significant differences in survival and major valve-

Preoperative 
variables

Variables

Age > 60 years

Aortic dissection

FC III-IV dyspnea

EF < 45% 

Urgency / Emergency

Combined surgery

ECC time > 200 min

Age > 60 years

Urgency / Emergency

FC III-IV dyspnea

5.12

6.00

3.75

0.83

15.3

1.33

1.02

3.71

4.60

1.99

0.09

0.06

0.28

0.50

0.03

0.78

0.98

1.90

0.83

1.75

1.75

0.85

0.97

1.27

0.48

0.19

0.63

0.63

0.35

0.97

0.78

0.12

0.14

0.53

3.42

1.11

2.88

0.95

2.88

1.11

1.2

0.09

0.90

0.26

0.96

0.26

0.87

0.81

0.69 – 19.7

0.60 - 35.0

0.23 - 17.1

Overall 
mortality

Composite of overall mortality / aortic insufficiency ≥ 2

Aortic 
insufficiency ≥ 2

Composite of overall mortal-
ity / aortic insufficiency ≥ 2

OR

OR

p OR p

p

OR p

p

A. Univariate analysis

A. Univariate analysis

OR: Odds ratio. FC: Functional class. EF: Ejection fraction. ECC: Extracorporeal circulation.

OR: Odds ratio. CI: Confidence interval. FC: Functional class.
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