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Introduction

Surgery of aortic root aneurysm has consistently changed 
over the last three decades. The gold standard treatment for 
aortic root pathology with or without aortic valve disease 

has traditionally been the use of composite valve and root 

replacement (Bentall and De Bono procedure) along with 

various modifications (1). The composite valved-graft 

could include either mechanical or bioprosthetic valve. The 
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Bentall operation has demonstrated excellent mid-term to 
long-term survival (2,3) including few cardiac deaths. On 
5, 10, and 15 years actuarial composite valve graft-related 
event-free survival was 97%, 82% and 54%, respectively  
(4-7). There was no difference in long-term survival between 
bioprosthetic and mechanical valves (8). All-cause mortality 
and valve-related complications were not significantly 
different between these two types of prostheses (9).  
However, a potential shortcoming to this procedure is 
the risk of valve-related events: reoperation, particularly 
structural deterioration for biologic valves, bleeding 
(9–11%) and thromboembolism (4–11%) for mechanical 
aortic valve (5,8). The linearized rate for valve/ascending 
aorta reoperation was 0.86% after Bentall procedure 
with mechanical valves and 2.5% after Bentall with the 
bioprosthetic valve (8). A good quality of life described by 
health-related quality-of-life (HRQOL), was highlighted 
after Bentall procedure, also independent of the type of 
prosthesis (9). 

Valve sparing root replacement is an attractive 
treatment option compared with composite valve and 
root replacement for patients with aortic root aneurysm. 
This procedure can be performed by either remodeling 
(Yacoub) or reimplantation (David) technique (10,11). The 
10-year survival is excellent reaching that of the general 
population of the same age. On year 10 during the follow-
up, the risk of reoperation appears to be moderate (5–15%). 
Aortic valve preservation reduces the risk of valve-related  
complications (2).

In this study, we examined the midterm outcomes, the 
valve related events and quality of life of patients treated by 
valve-sparing aortic root replacement (VSRR).

Methods

From January 2003 to December 2014, 88 consecutive 
patients with an aortic root aneurysm or ascending aortic 
aneurysms with or without aortic regurgitation (AR) 
underwent VSRR surgery. 

Clinical features of all patients are listed in Table 1. 
Eighty-six patients were living in France and 2 came from 
abroad (1 Canadian and 1 Senegalese). All operations were 
performed through a median sternotomy, with standard 
cardiopulmonary bypass (CPB), in normothermia, with 
cannulation of aortic arch, right atrium, and superior 
pulmonary vein venting. Myocardial protection was 
accomplished with a combination of antegrade and 
retrograde cold blood cardioplegia. The ascending aorta 

was transversely opened, above the tops of the commissures; 
cutting of the coronary ostia, dissection from the aortic 
root to the aortic annulus plane, resection of the sinuses. 
Proximal sub annular fixation of the vascular prosthesis 
using eleven U-shaped stitches. After aortic valve 
reimplantation and co-optation assessment, repair of the 
aortic valve was done if necessary by plicature of central 
free marginal of the cusps. Reimplantation of the coronary 
ostia is performed by the button technique. Operative data 
of the patients are listed in Table 2. We found 24 (27.3%) 
patients with bicuspid valve, 55% had AR grade III or IV. 
We used a straight aortic graft in 5 cases (HEMAGUARD® 

InterVascular, La Ciotat, France) and a Valsalva aortic 
graft in 83 cases (Vascutek Gelweave® Vascutek Terumo, 
Glasgow, Scotland; or CARDIOROOT MAQUET®, 

InterVascular, La Ciotat, France). 
Patients were followed every year by family doctors 

and referent cardiologists. Doppler echocardiographic 
examinations were obtained annually in most patients. 
Valve-related morbidity and EuroQoL (EQ) scores were 
obtained by mail, self-administered questionnaires. From 
July 1 to September 1, 2015, questionnaires were sent to 
patients, referent cardiologists and practitioners. This 
mailing, in case of “missing response” was completed by 
direct phone call (patients, practitioners, and cardiologists). 
All patients had an echocardiographic study during the last 
year of follow-up, which was closed on September 1, 2015. 
The mean follow-up was 5.3±3 (range 1–12) years.

No patient was missing during the follow-up. Outcome 
events were registered according to the 2008 American 
Association for Thoracic Surgery/Society of Thoracic 
Surgeons/European Association for Cardiothoracic Surgery 
guidelines for reporting mortality and morbidity after 
cardiac valve interventions (12). The EQ instrument is a 
5-item general questionnaire assessing five health domains, 
mobility, self-care, usual activity, pain and discomfort, and 
anxiety and depression, from which the “EQ index” is then 
calculated, producing a score from 0 to 1.0, with a higher 
score indicating best quality of life (13). The EQ visual 
analogue scale (EQ VAS) records the respondent’s self-rated 
health on a vertical from 0 to 100, visual analogue scale 
where the endpoints are labelled ‘best imaginable health 
state’ and ‘worst imaginable health state’. This information 
can be used as a quantitative measure of health as judged by 
the individual respondents (13).

Statistical analysis

All analyses were conducted with Stata 13 (StataCorp, 
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Table 1 Clinical features of patients

Preoperative characteristics Frequency

Number of patients 88

BMI mean ± SD 26±4

Age mean ± SD [range] years 55±14 [19–77]

Sex: male (%) 84

Comorbidity (%)

Hypertension 51

Diabetes 3

Dyslipidemia 32

Respiratory failure 7

Marfan syndrome 5

Renal failure on hemodialysis 2

Peripheral vascular disease 1

Aortic dissection 1

NYHA functional class (%)

NYHA I 46

NYHA II 43

NYHA III 8

NYHA IV 3

ECG

Sinus rhythm 97

Atrial fibrillation 2

Pacemaker 1

Echocardiography

LVDD (mean ± SD/range) (mm) 56±8 [38–76]

LVSD 36±7 [19–57]

LVEF (mean ± SD/range) (%) 61±9 [29–78]

Aortic annulus diameter (mm) 26±5 [17–38]

sPAP (mean ± SD/range) (mm) 28±11 [20–58]

Aortic regurgitation AR (%)

None 5

I 11

II 29

III 32

IV 23

Table 1 (continued)

Table 1 (continued)

Preoperative characteristics Frequency

Jet direction

eccentric 33

central 67

EROA mean ± SD 42±23

CT scan

Maximal aortic diameter (mean ± SD/
range) (mm)

55±7 [42–82]

Largest aortic segment (%)

Segment 0 41

Segment I 59

LVDD, left ventricular diastolic diameter; LVSD, left ventricular 
systolic diameter; LVEF, left ventricular ejection fraction; 
sPAP, systolic pulmonary artery pressure; NYHA, New York 
Heart Association; BMI, body mass index; EROA, effective 
regurgitating orifice area.

Table 2 Operative data

Characteristics Frequency

Number of patients 88

CPB time (mean ± SD/range) (min) 199±30 [162–391]

Cross clamp time (mean ± SD/range) (min) 164±19 [134–237]

Aortic valve anatomy

Type (%)

Tricuspid 72

Bicuspid 27

Unicuspid 1

Calcifications (%) 5

Fenestrations (%) 27

Aortic graft diameter (mean ± SD/range) (mm) 29±2 [24–34]

Aortic valve repair (%) 66

Concomitant procedures

CABG 7

Mitral valve repair 2

Aortic arch replacement 1

Other 4

CPB, cardiopulmonary bypass; CABG, coronary artery bypass 
grafting.
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Table 3 Early postoperative courses

Morbidity Frequency

Cardiac

Low output syndrome 2

ECLS 1

Respiratory failure 8

ECMO 2

Acute renal failure 6

Infectious

Septicemia 3

Pneumonia 9

Other 2

Re-operation

Pericardial effusion 1

Right CABG 1

Aortic regurgitation (%)

None 52

I 46

II 2

ECLS, extracorporeal life support; ECMO, extracorporeal 
membrane oxygenation; CABG, coronary artery bypass graft.

Figure 1 Kaplan-Meier overall survival curve.

College Station, TX, USA) under a bilateral hypothesis 
with a type-I error set at 5%. For descriptive analyses, 
the categorical variables were expressed as number and 
percentage; the quantitative variables were expressed as 
mean ± standard deviation in case of Gaussian distribution, 
or by quartiles and range otherwise. Normality and 
homoscedasticity were respectively checked with the 
Shapiro-Wilk’s and the Fisher-Snedecor’s test. Between-
group comparisons for categorical variables were conducted 
by the chi-square or Fisher’s exact test where appropriate. 
Comparisons quantitative variables were conducted by the 
Student’s t or the Mann-Whitney’s, where appropriate. 
Censored data were estimated by the Kaplan-Meier’s 
method and compared between groups by the Cox 
regression proportional hazard model. In multivariable 
analyses, these models were implemented by including 
covariates selected in accordance to the results of univariate 
analysis and to clinical relevance or current knowledge. 
Schoenfeld’s assumptions were checked, and results were 
expressed in terms of chance ratio and its 95% confidence 

interval. Most of the secondary analyses were exploratory 
and therefore lacked statistical power. As discussed by 
Feise in 2002 (14), particular attention was given to the 
magnitude of the differences, and not only to significance. 
Then, no correction of the type-I error was done. 

Results

Early postoperative outcomes 

Hospital mortality was 1%; one patient died as the result 
of acute respiratory failure in intensive care on day 7. The 
median length of intensive care unit stay was 2 days ranging 
from 1 to 64 days. The median length of hospital was  
10 days ranging from 6 to 156 days. The mean aortic valve 
area was 2.3±0.5 cm2 ranging from 1.5 to 3.7 cm2. The 
mean left ventricular ejection fraction (LVEF) was 58±11% 
ranging from 25% to 79 %. The mean aortic gradient was 
7±4 mmHg ranging from 0 to 26 mmHg.

Hospital morbidity and postoperative echocardiography 
examinations are listed in Table 3.

Medium-term outcomes

During the follow-up, there were 10 late deaths (11%). 
Causes of death were cardiac in 5 cases (post heart 
transplant cardiogenic shock, myocardial infarction, acute 
left ventricular dysfunction, sudden death and ischemic 
stroke) and non-cardiac in 5 cases (2 lung cancer, 1 
drowning, 1 acute myeloid leukemia, 1 head trauma). 
Figures 1 and 2 show the Kaplan-Meier global and free from 
cardiac death survival curves.

Three patients required a successful reoperation. Two 
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Figure 2 Kaplan-Meier survival curve free from cardiac death.

Figure 3 Kaplan-Meier curve for freedom from thromboembolic 
events.
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for a root surgery complication on postoperative years 
2 and 6: one for an acute vascular graft infection with 
a false aneurysm and an aortic insufficiency repaired 
by mechanical Bentall procedure; and a second one for 
sterilized endocarditis with a severe aortic insufficiency 
treated by transcatheter aortic valve implantation (TAVI) 
due to age over 83 years. One patient underwent mitral 
valve replacement 4 years after aortic root surgery.

Aortic valve endocarditis and prosthetic graft infection 
occurred in two patients, medically treated for the first one 
and surgically managed for the second one. Three patients 
suffered from ischemic stroke, one of the patients had a 
pace maker, the two others were in sinus rhythm. None of 
the following morbidity has been observed: structural valve 

deterioration, nonstructural dysfunction, valve thrombosis, 
bleeding event. The Figure 3 shows the Kaplan-Meier 
survival curve free from thromboembolic events.

At the last check of the follow-up, 90% of patients had 
sinus rhythm, 6% atrial fibrillation and 4% pacemaker. 
Table 4 reported univariate analysis between pre- and 
postoperative functional class and echocardiographic data.

Quality of life after VSRR 

Mean EQ VAS was 83±15 ranging from 30 to 100, with 
a median of 82.5. Mean EQ index was 0.94±0.12 ranging 
from 0.5 to 1, with a median of 1 (Tables 5 and 6).

Risk factor analysis of medium-term outcome and quality 
of life

On 8 years, most relevant factors influencing mortality and 
quality of life were age, sex, BMI, preoperative respiratory 
failure, diabetes, preoperative AR, preoperative EROA, 
preoperative aortic annulus diameter, type of aortic graft 
CPB time (Table 7). 

Discussion 

Mid-term results and quality of life after VSRR are 
excellent in our experience as shown in this study. VSRR 
can offer an important alternative to Bentall technique 
for many reasons: optimal haemodynamic conditions, no 
need for anticoagulation, more physiological virtual basal 
ring growth in young patients and lower valve-related 
complication rate (15,16).

Our hospital mortality of 1% is comparable to other 
reports of aortic valve sparing root replacement (0.9–1%) 
(17,18); and less or equivalent to Bentall surgery (between 
3% and 11%) (4-7).

In our population, the few valve complications 
encountered were infection in 2% and embolic event in 3%. 
There were no bleeding events in our series. Valve-related 
complications after VSRR are fewer compared with Bentall 
procedure which, in the literature, arose with a frequency 
of 13% for reoperation, 7% for nonstructural dysfunction, 
4–18% for thromboembolic events, 12% for endocarditis, 
9–13% for bleeding events (5,8,9,19). 

The risk factors that influenced the overall mortality 
were sex, preoperative respiratory failure, preoperative 
AR > grade II, CPB time. Beside classical risk factors that 
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Table 5 EuroQol data

EQ data Frequency, n=76, [%]

EQ VAS

30 1 [1]

40 2 [3]

45 1 [1]

55 1 [1]

60 2 [3]

70 5 [7]

75 4 [5]

80 22 [29]

85 2 [3]

90 20 [26]

95 3 [4]

100 13 [17]

EQ index

0.5 1 [1]

0.55 2 [3]

0.6 1 [1]

0.71 1 [1]

Table 5 (continued)

influence mortality such as sex, respiratory failure and 
higher CPB time we found in this study that preoperative 
factor such as higher AR > grade II, has detrimental effect. 
However, an effect of preoperative LVEF could not be 
evidenced. Therefore, a possible explanation could be that 
the severity of AR is more pertinent and earlier parameter 
influencing mortality than ejection fraction. Similar risk 
factors of early mortality were found in the literature 
like cross clamp time, bypass time, the New York Heart 
Association (NYHA) functional class >II (20).

In this midterm study, valve function appears to be quite 

Table 4 Preoperative, immediate postoperative and last follow-up data

Variables Preoperative Immediate postoperative Last follow-up P value

NYHA functional class, n [%]

I 40 [46] – 66 [77] –

II 38 [43] – 16 [20] 0.6

III 7 [8] – 3 [3] –

IV 3 [3] – – –

LVEF (mean ± SD) mm 61±9 58±11 62±9.7 <0.001*

LVDD (mean ± SD) mm 56±8 – 51±7 –

AR, n [%]

0–I 14 [11] 84 [98] 78 [90] 0.03*

II 26 [29] 2 [2] 8 [10]

III 28 [32] – – –

IV 20 [23] – – –

EROA (mean ± SD) 42±23 – 11±7 –

*, comparison between immediate and late follow-up, NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; LVDD, 
left ventricular diastolic diameter ; EROA, effective regurgitating orifice area; AR, aortic regurgitation. 

Table 5 (continued)

EQ data Frequence, n=76, [%]

0.78 1 [1]

0.8 1 [1]

0.83 1 [1]

0.83 3 [4]

0.84 7 [9]

0.85 1 [1]

1 57 [75]

EQ VAS, EuroQol visual analogue scale; EQ index, EuroQol index.
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stable over time as shown by the absence of reoperation for 
AR and the absence of AR > grade II. In our study, while 
comparing early postoperative and late echography only  

6 patients with immediate postoperative echocardiography 
grade I increase to grade II on late examination, 78 patients 
didn’t modify their AR grade. Concerning follow up AR 
quantification, reported results seems to be slightly worst 
with 35%, of mild AR, 2% of moderate and 3% of severe 
3% (21). In the literature, recurrence risk factors of AR 
are: preoperative AR grade and specifically grade IV AR, 
performing of sub-commissural annuloplasty, aortic valve 
repair, aortic annular dilatation (aortic annulus >25 mm), 
mild AR prior to discharge (21,22).

Quality of life perceived by our patients is similar 
to healthy patients in 79%. EQ index in our study was 
0.94±0.12, slightly superior to those reported after Bentall 
procedure EQ index =0.90±0.04 (9). Regarding both clinical 
outcome and postoperative quality of life, the superiority 
of the aortic valve reimplantation compared with the aortic 
composite replacement is demonstrated (23).

Beside classical risk factors that influence quality of 
life such as age and diabetes we found in this study that 
preoperative factors such as higher NYHA class, AR > 
grade II, higher EROA have detrimental effect. We could 
hypothesize that delayed operative decision at higher 
functional class or severe aortic insufficiency, and despite 
preserved LVEF, had a pejorative impact on midterm 

Table 6 EQ VAS and EQ index based on preoperative characteristic

Preoperative  
characteristic

EQ VAS  
(mean ± SD)

EQ index  
(mean ± SD)

NYHA functional class

≤II (n=67) 84±13 0.93±0.12

>II (n=9) 71±21 0.92±0.12

AR

≤ grade II (n=36) 89±9 0.97±0.1

> grade II (n=40) 79±17 0.91±0.12

Type of aortic graft

Straight aortic graft (n=5) 68±19 0.80±0.18

Valsalva aortic graft (n=71) 84±14 0.95±0.10

Aortic valve repair

With (n=51) 85±2 0.95±0.01

Without (n=25) 77±3 0.91±0.03

AR, aortic regurgitation, NYHA, New York Heart Association; EQ 
VAS, EuroQol visual analogue scale; EQ index, EuroQol index.

Table 7 Preoperative and operative risk factors for mortality and impaired quality of life

Variable
Mortality EQ VAS EQ index

Test statistic P value Test statistic P value Test statistic P value

Age 1.04 0.17 −0.24* <0.05 −0.15 –

Sex 0.28 0.04* −0.6 0.5 −1.52 0.15

BMI 1.02 0.78 −0.09 – 0.16 –

Diabetes 10
-3

1 0.3 0.8 −4.34 10
−4

*

Preoperative respiratory failure 8.07 0.03 0.3 0.8 0.2 0.8

NYHA functional class > II 1.63 0.6 3.69 0.04* 10
-3

1

Preoperative LVEF −1.08 0.3 0.02 – 0.01 –

Preoperative LVDD 0.88 0.38 −0.06 – 0.01 –

Preoperative AR > grade II 22.4 10
−3

* – – 9.2 0.01*

Preoperative EROA 1.27 0.2 0,22 <0.05 −0.45* <0.05

Preoperative sPAP 1.03 0.23 0 – −0.02 –

CPB time 1.01 0.04* −0.03 – −0.17 –

Type of aortic graft – – 4.2 0.04* 7.52 0.006*

Aortic valve repair 1.74 0.45 −2 0.04* −1.36 0.17

*, comparison between immediate and late follow-up, EQ VAS, EuroQol visual analogue scale; EQ index, EuroQol index. LVEF, left ventricular 
ejection fraction; LVDD, left ventricular diastolic diameter; EROA, effective regurgitating orifice area; CPB, cardiopulmonary bypass.
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quality of life.
Study limitations

This manuscript reports single-centre retrospective 
observational analysis with a limited number of patients. But 
clinical characteristic and echocardiographic examinations 
were collected prospectively. However early and late 
echocardiography was done by different cardiologists.

Conclusions

Although the technical difficulties, we believe that the 
VSRR surgery can be performed with the same and even 
lower rate of postoperative morbidity and mortality and 
the same or better quality of life. Moreover, the outcomes 
of this procedure in term of aortic valve competency 
remain stable in time. Therefore, valve sparing aortic root 
replacement seems to be a promising method, and offer 
an interesting alternative treatment to traditional Bentall 
procedure. In properly selected patients, we consider it as 
the gold standard.
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