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Introduction

The optimal solution for patients presenting with aortic 
root aneurysms is still a matter of debate. 

The “aortic valve-sparing” (AVS) term was coined in the 
90s to illustrate procedures developed to spare native aortic 
valves in patients with aortic root pathology and/or aortic 
regurgitation. There are conceptually two types of aortic 
valve sparing operations: remodeling and reimplantation 
techniques (1,2). The basic concept of both procedures 
is to eliminate any pathologic dilatation of the root while 

maintaining normal aortic valve function. In the remodeling 
technique the Dacron conduit is shaped in three tongues to 
adapt with the crescent shape of the aortic annulus. Root 
remodeling recreates the normal configuration of aortic 
sinuses and sino-tubular junction while the ventricular-
aortic junction is left untouched. The long-term stability of 
the procedure has been in fact questioned just because the 
remodeling lacked annular stabilization. David introduced 
a different approach called the reimplantation technique, 
where the aortic valve is spared and sutured within a 
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straight Dacron graft. Root reimplantation corrects annular 
ectasia as well as dilatation of the sino-tubular junction. 
The reimplantation anchors the aortic graft proximally 
at the ventricular-aortic junction below the leaflets with 
the commissures sewn inside the polyester fabric graft. 
However, the major theoretical problem with the classic 
reimplantation technique is the abolition of both, the 
sinuses of Valsalva that have a role in regulating leaflet 
dynamics, and the 3D dynamic motion of the normal aortic 
annulus. Through the years, thanks to an improved general 
knowledge, AVS procedures have been significantly refined, 
so that today is possible to perform a reimplantation 
technique with the creation of neo-sinuses (3) or a 
remodeling technique with the addition of annular support 
(4,5). In this way, both procedures can now guarantee an 
anatomical root reconstruction and an increased long-term 
durability.

Nonetheless, the Bentall procedure, whether with 
a mechanical or a biological valve, still remains the 
benchmark for treatment of this type of pathology (6). 
As data accumulate, the advantage of a more conservative 
approach not requiring an aortic valve replacement became 
evident especially in the younger group of population. 
Although the Bentall operation has shown excellent short 
and long-term results, the question when to replace or spare 
the valve in the setting of an aortic root aneurysm remains a 
point of discussion.

Both AVS and root replacement with a biologic 
composite conduit (bio-Bentall) represent attractive options 
in aortic root surgery patients willing or needing to avoid 
anticoagulation. Today, the Bentall interventions with 
biologic valves are more frequent as are AVS procedures. 
The question addressed is whether the reimplantation 
technique or the remodeling technique provide better event 
free survival than a bio-Bentall procedure. There is not 
a prospective-randomized study and the data comparing 

the safety and durability of these approaches are lacking, 
therefore the answer is not easy. 

Patients with an aortic root aneurysm are heterogeneous 
and the “real” problem is how to compare them in a long-
term follow-up. Usually aortic root aneurysms affect the 
second to fourth decades of life (the dilation starts at the 
sinuses of Valsalva and progresses towards ascending aorta); 
instead degenerative ascending aortic aneurysms affect the 
patients in their fifth to seventh decades of life (the dilation 
usually starts at the midportion of the ascending aorta and 
gets on proximally and distally). Second, in the group of 
patients undergoing a Bentall operation the etiology of 
aortic valve pathology is more often the stenosis (70%) 
than the insufficiency (30%). Third, in patients receiving 
AVS operations the degree of aortic valve regurgitation is 
rarely severe. Fourth, individuals receiving a bio-Bentall 
are generally significantly older than those undergoing AVS 
(thrombo-embolism is often related to comorbidity and 
the age but not valve type is more often predictive of valve-
related mortality). Nonetheless, we attempt to compare, on 
the basis of the available data, the early and late results of 
patients undergoing AVS surgery to those undergoing bio-
Bentall operations in terms of operative mortality, survival, 
valve durability and valve-related complications. 

Considering advanced age and higher rate of comorbidities 
in candidates for a bio-Bentall, we have specifically 
reviewed studies that analyzed the subset of patients 
comparable to those who might currently be considered 
for AVS operations and have a long-term follow-up.  
The results are shown in Tables 1 and 2.

Operative/in hospital mortality 

Bentall procedures

In a retrospective analysis, 142 elective patients younger 

Table 1 Results of Bentall procedures

First author/year (ref.) No. Mean age 
Mean  

follow-up 
Operative 
mortality

Survival 
Freedom from adverse events (at late follow-up)

Reoperation Endocarditis stroke

Hagl 2003 (7) 142 46 ys 3.5 ys 0.70% 93% at 8 ys 100% 78%

Etz 2007 (8) 206 53 ys 5.9 ys 2.90% 89% at 10 ys 100% 0.7×100 pts/ys (incidence)

Ouzounian 2016 (9) 180 50 ys 10.7 ys 0% 76.3% at 15 ys 80% 97.2%; 95.6%

Gaudino 2015 (10) 421 61.5 ys 16 months 
(median)

0.20% 81.5% at 5 ys 97% –

ys, years; pts, patients.
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than 65 years without concomitant procedures who 
underwent Bentall procedure between 1989 and 2000 were 
studied (7). In this group the 32% of patients were younger 
than 40 years of age and the 58% were between 40 and  
60 years (with a mean age of 46 years). The majority of 
patients were men (85%). There were no intraoperative 
deaths. Two patients (1.4%) had permanent strokes, and 1 
of these patients died (0.7%). 

Often Bentall procedures are performed in the scenario 
of bicuspid aortic valve (BAV) and significant aortic root 
dilatation. Etz and colleagues (8) reported the long-term 
results of Bentall operations performed between 1987 and 
2005 in 206 patients with BAV (mean age 53±14 years, 84% 
male). Aortic regurgitation was present in 53% of cases 
while aortic stenosis in 12% of cases. Twenty-two patients 
(11%) underwent urgent or emergent procedures; 11 had 
acute type A dissection (5%). Biological valve was implanted 
in 39% of patients. Overall hospital mortality was 2.9%, 
and stroke rate was 1.9%. Risk factors for adverse outcome 
(death or stroke), which occurred in 4.8%, were presence of 
clot or atheroma and age older than 65 years. 

A recent study compared the outcomes of young patients 
undergoing aortic root replacement operations (9). In a 
period of 10 years, a total of 616 patients age <70 years 
and without valvular stenosis underwent elective aortic 
root surgery (AVS, n=253; bio-Bentall, n=180; Bentall 
with a mechanical prosthesis, n=183). For AVS technique 
the decision was largely determined by the preference and 
experience of the surgeon. In bio-Bentall group mean age 
was 50±15 years, 88.9% were male, and mean follow-up was 
10.7±5.5 years. BAV was present in 89 patients (51.7%) and 
aortic insufficiency in 171 (95%). In-hospital mortality and 
stroke rate were very low (0% and 1.1% respectively) as we 
expect in this subset of patients. It must be said that in the 

same institution, in a most complete analysis performed to 
date of the bio-Bentall procedures (562 patients), the rate of 
in-hospital mortality was 2.2% (14). 

Gaudino and colleagues, after examining their results 
in a cohort of 890 patients operated on from 1997 to 
2014, reported that elective aortic root surgery could be 
performed with very low perioperative risk in high-volume 
aortic centers. In a cohort of 421 patients that received a 
bio-Bentall operative mortality was 0.2% (10). BAV was 
present in 217 of cases (51.7%) and the aortic insufficiency 
represented the most common valve status (79.1%). 

Valve-sparing procedures

The operative mortality of AVS operations is usually low. 
In the first Yacoub’s series of 158 patients undergoing 
remodeling from 1979 through 1997, the overall mortality 
was 4.6% but included 49 emergent procedures for aortic 
dissection (11). 

David reported that in a series of 371 consecutive 
patients (78% men) with a mean age of 47±15 years 
operated from 1988 through 2010 the operative mortality 
was 1%. In this group 47% of patients had moderate or 
severe AI (9.2% with BAV), 35.5% had Marfan syndrome 
and 12.1% had type A aortic dissection. In this series 
remodeling of the aortic valve was used in only 75 patients 
while reimplantation in 296 patients (12). 

When considering the results of AVS with modifications 
of the original techniques, whether reimplantation or 
remodeling, the operative mortality also remains in the low 
range. Thirty-day mortality was 2.9% in 177 patients with 
remodeling and external aortic ring annuloplasty collected 
from the Aortic Valve repair InternATiOnal (AVIATOR) 
Registry (4). Preoperative aortic insufficiency grade 3 or 

Table 2 Results of AVS procedures

First author/year (ref.) No.
Mean 
age 

Mean  
follow-up 

Operative 
mortality

Survival 
Freedom from adverse events (at late follow-up)

Reoperation Aortic insufficiency Endocarditis stroke

Yacoub 1998 (11) 158 46 5.5 ys 4.80% 89% at 10 ys 89.9% at 10 ys 64% (> grade 2) –

David 2014 (12) 371 47 8.9 ys 1% 76.8% at 18 ys 94.8% at 18 ys 78% (> grade 1) 90.1% at 18 ys

Lansac 2017 (4) 177 56 41 months 2.90% 89.9% at 7 ys 89.5% at 7 ys 78% (> grade 2) 98.8% at 7 ys

De Paulis 2016 (3) 124 53 63 months 1.60% 81.4% at 13 ys 90.1% at 13 ys 87.1 % (> grade 2) –

Mastrobuoni 2015 (13) 187 42 4 ys 0.60% 94.4% at 10 ys 97.4% at 10 ys – 96.6% at 10 ys

Schafers 2017 (5) 357 49 57 months 0.60% 81% at 15 ys 88.3% at 15 ys – –

AVS, aortic valve-sparing; ys, years.
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greater was present in 79 patients (44.6%). The valve was 
bicuspid in 59 patients (33.3%). 

In a multicenter trial at four different Italian cardiac 
surgery centers a total of 278 patients underwent AVS 
reimplantation using the Valsalva graft the operative 
mortality was 1.8%. In a total group of 278 patients, 220 
were men (79%), with a mean age of 56±15 years, 42 (15%) 
had Marfan syndrome, 31 (11%) had a BAV, 13 (5%) had 
acute aortic dissection, and 136 (49%) had moderate to 
severe aortic regurgitation (15). 

There were 2 operative deaths (1.6%) in 124 consecutive 
patients (87% men) with aortic root aneurysm treated by 
reimplantation with Valsalva graft in a single institution at 
the European Hospital of Rome (from February 2000 to 
December 2014). In this series of patients, the mean age 
was 53±13 years. Marfan syndrome and BAV were present 
in 17% and 12% of patients respectively (3). 

In-hospital mortality was 0.4% in 187 consecutive adult 
patients undergoing elective AVS with the reimplantation 
technique in the group of Mastrobuoni in Brussels (13). 
The mean age of this cohort was 42±16 years, 81.1% of 
patients were male and a bicuspid valve was present in 34% 
of cases.

Schafers and colleagues reviewed their cumulative  
20 years’ experience (5). Between 1995 and 2015, 357 
patients (324 male; mean age, 49±13 years) underwent 
combined BAV repair and root remodeling. In 225 
instances, a suture annuloplasty was added. Only two 
patients died accounting for a hospital mortality of 0.6%.

Survival 

Bentall procedures

In the study of Hagl and colleagues on patients younger 
than 65 years who underwent Bentall procedures the overall 
survival was 95% at 5 years and 93% at 8 years. The rate of 
death was estimated as 1.0 per 100 persons per year (7). 

During an 18-year interval the same group reported an 
overall survival of 93% after 5 years and 89% after 10 years 
in 206 patients with BAV pathology (8). 

The mean follow-up for the patients who underwent 
elective bio-Bentall procedure at the Peter Munk Cardiac 
Centre in Toronto was 10.7±5.5 years. The cumulative 
probability of all-cause mortality and mortality from cardiac 
cause at 15 years were 23.7%±4.0% and 10.2%±2.9%, 
respectively (9). 

In the study group of the Weill Cornell Medical College 

the long-term survival was 81.5% at 5 years (10). 

Valve-sparing procedures

David reported excellent clinical outcomes in patients 
with aortic root disease with and without aortic valve 
regurgitation in a cohort of patients observed prospectively 
since 1988. At 18 years of follow-up survival was 
76.8%±4.31%, lower than that for the general population 
matched for age and gender (12). 

Our single center experience showed an overall survival 
at 5, 10, and 13 years of 94.4%±2.2%, 90.5%±4.4%, and 
81.4%±7.3%, respectively (3). 

Late mortality risk was 5.6% at 10 years in the cohort of 
Bruxelles (median duration of follow-up was 4 years) (13). 

Lansac and colleagues in 177 patients with remodeling 
and external aortic ring annuloplasty reported a survival at  
7 years of 89.9% (4). 

In the experience of Schneider and colleagues, survival at 
15 years was 81% (5).

Valve durability (freedom from reoperation) 

Bentall procedures

During the entire follow-up in the series of patients 
of Mount Sinai Medical Center no patient required 
reoperation because of a prosthetic dysfunction (7,8). 

In the study reported by Ouzounian the probability of 
reoperation in a young patient receiving a bioprosthesis was 
20% at 15 years of follow-up (9). 

Gaudino and colleagues reported that 13 patients (3%) of 
the bio-Bentall series underwent reoperation on the aortic 
valve. However, his median follow-up time was 16 months 
only (10). 

Valve-sparing procedures

In a quarter of a century of experience with AVS operations 
David reported at 18 years a freedom from aortic valve 
reoperation of 94.8%±2.0%. Eighteen patients developed 
aortic regurgitation greater than mild. Freedom from aortic 
regurgitation greater than mild at 18 years was 78.0% 
±4.8% (12). 

Lansac reported for the whole series freedom from 
valve-related reoperation of 89.5% at 7 years. Since 2007, 
systematic use of calibrated expansible ring annuloplasty, 
later followed by systematic cusp effective height 
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assessment, significantly increased freedom from valve-
related reoperation up to 99.1% (4). 

In  our  own  repor t ,  the  l ong- t e rm re su l t s  o f 
reimplantation with Valsalva graft showed a freedom from 
reoperation of 95.4%±2.3% at 5 years and 90.1%±4.3% at 
13 years. In particular all patients undergoing reoperation 
for aortic valve regurgitation had surgery during the 
first 5 years of experience. In fact, freedom from residual 
aortic regurgitation among the 3 periods was different. 
Particularly, at 5 years freedom from aortic regurgitation 
was 89.6%, 97% and 98% for the first, second, and third 
period of experience, respectively (3).

Mastrobuoni reported aortic valve reoperation for 
recurrent severe regurgitation in 2.6% of patients for a 
linearized rate of reoperation of 0.6% for patient-year in 
187 consecutive adult patients undergoing elective AVS (13). 

In 355 BAV patients Schafers and colleagues reported 
that reoperation became necessary for recurrent aortic 
regurgitation in 24 (6 patients underwent reoperation for 
stenosis). Cumulative incidence of reoperation at 15 years 
was 21.7% (5). 

Valve-related complications (thrombo-embolism, 
endocarditis) 

Bentall procedures

Hagl and colleagues reported an event-free survival 
(endocarditis, stroke, bleeding and thromboembolism) 
of 85% at 5 years and 78% at 8 years in a selected series 
of Bentall procedures (elective patients younger than  
65 years) (7). 

In a median follow-up time of 5.9 years (1,200 patient-
years) for patients with BAV undergoing Bentall procedure 
at Mount Sinai Medical Center the linearized stroke rate 
was 0.7 per 100 patient-years (8). 

In the 180 selected patients undergoing a bio-Bentall 
procedure reported by Ouzanian and colleagues, long-
term rates of endocarditis and thromboembolism (cerebral 
stroke and transient ischemic attacks) were 2.8% and 4.4% 
respectively. 

Valve-sparing procedures

David reported a freedom from thromboembolic events 
at various intervals (92.2±2.4 at 15 years and 90.1±3.2 at  
18 years) (12). 

At 7 years of follow-up Lansac and colleagues reported 

a freedom from thromboembolic events of 98.8% (4) while 
Mastrobuoni reported a risk of systemic embolism of 3.4% 
at 10 years (13).

Direct comparison [propensity score matching 
(PSM)]

In a recent study, 749 consecutive patients underwent either 
a valve-sparing operation or a root replacement with a 
biologic composite conduit at two institutions (Weill Cornell 
Medicine in New York and European Hospital in Rome) (16).  
PSM was used to compare similar cohorts of patients 
in the overall population and in the ≤ 55 and ≥ 65-year  
age groups. Overall operative mortality was 0.4%, mean 
age 57.4±14.3 years, 84.6% were male. Individuals in the 
biologic composite conduit group were older and had worse 
preoperative risk profiles. In the unmatched population, 
there was no difference in in-hospital deaths (0 in the 
valve-sparing versus 3 in the biologic composite conduit 
group; P=0.12). At a mean follow-up of 27.5±28.4 months  
no significant differences in terms of mortality were 
found between the two groups (2 vs. 0 follow-up deaths 
in the AVS and in the bio-Bentall groups, respectively; 
P=0.11). During the follow-up, more patients in the 
biologic composite conduit group underwent reoperation 
on the aortic valve (2.6% vs. 1.5%; P=0.026) resulting 
in a freedom from reoperation of 97.4% vs. 98.5%, 
respectively. The PSM process resulted in 145 pairs of 
patients with almost identical baseline characteristics. No 
differences between groups were found. No significant 
differences in postoperative survival were found between 
the matched series. PSM identified 71 and 44 pairs of 
patients respectively in the younger and older age group 
who received an AVS or a bio-Bentall. In-hospital outcomes 
were substantially similar for both procedures in both age 
groups before and after PSM. No difference in survival at 
follow-up was found between groups stratified by age after 
matching. No difference in reoperation rate at follow-up 
was found between groups stratified by age. This report 
concluded that in case of aortic root aneurysm, both valve-
sparing operations and root replacement with a biologic 
composite conduit provide excellent outcomes. However, at 
mid-term follow-up the use of biologic composite conduit 
was associated with a higher risk of reoperation.

As mentioned previously, Ouzounian reported the results 
of a direct comparison between patients undergoing AVS 
or Bentall operations (9). After the use of a propensity score 
and adjusting for clinical covariates, bio-Bentall procedures 
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were associated with increased long-term major adverse 
valve-related events compared with patients undergoing 
AVS [hazard ratio (HR): 3.4, P=0.005] and increased 
cardiac mortality (HR: 7.0, P=0.001). Furthermore, bio-
Bentall procedures were associated with increased risk 
of reoperations (HR: 6.9; P=0.003) compared with AVS 
procedures.

Conclusions 

Nowadays, the options for root surgery are mechanical 
valved conduits, biological xenograft valved conduits (with 
stented or stentless valve), homograft, autograft or valve-
sparing procedures. However, each patient should be 
individually evaluated. Several factors have to be taken into 
consideration when choosing the type of operation or the 
prosthetic heart valve (age of the patient, cardiac and non-
cardiac comorbidity). Thromboembolism, valve durability 
and endocarditis are the major causes of valve-related late 
postoperative morbidity and mortality. Thromboembolism 
and bleeding rate are higher in patients with mechanical 
valves comparing to the ones with biological valves while 
the incidence of endocarditis is similar in both groups 
(17,18). On the other hand, preserving the natural 
aortic valve is expected to greatly decrease most of these 
complications.

In the last years a better understanding of benefits and 
risks of the various types of prostheses has resulted in a 
growing number of patients, even in a younger population, 
who prefer to choose a “biologic solution”. The reasons 
for this trend vary. First, patients undergoing aortic valve 
surgery are interested not only in life expectancy but also 
in quality of life. To this extent, anticoagulant therapy is 
considered a huge limitation to quality of life, especially 
in those young patients. Another important aspect is the 
perception that the most recent prostheses available will 
last longer because they are designed with new technologies 
and anti-calcification treatments. Finally, the valve-in-
valve approach using endovascular techniques may offer an 
effective, less invasive treatment for patients with valvular 
dysfunction of bioprostheses and, therefore, the possibility 
of overcome the problem of structural valve deterioration 
(SVD) without the need for a surgical reoperation.

Sarsam (1) and David (2) introduced AVS procedure, 
which has the great advantage of eliminating the need 
for lifelong anticoagulation therapy and preventing 
prosthetic valves-related risks. AVS procedures have gained 
popularity in recent years because of a better understanding 

of aortic root anatomy and physiology. In the quest 
for an optimal root reconstruction, through the years, 
several modifications have been proposed to the original 
reimplantation or the remodeling technique. All largest 
series on results of AVS procedure invariably report an 
operative mortality extremely low, ranging from 0% to 5%, 
with a ten-year survival around 90%, definitely establish it 
as a safe, effective and reproducible technique. The major 
aspect to be clarified remains the long-term durability of 
the spared valve in terms of incidence of residual aortic 
valve regurgitation and the consequent need for AVR in the 
subsequent years. The majority of available data on the 10 
years follow-up show a freedom from reoperation varying 
from 87% to 95% with a freedom from significant residual 
aortic insufficiency around 90%. Small differences in the 
results might depend from the single center experience 
or the used technique. However, the results are generally 
satisfactory especially considering the relatively “young age” 
of this procedure. 

Historically, the main advantage of the reimplantation 
was a resulting annular stabilization with the disadvantages 
of an unfavorable hemodynamic. Conversely, the remodeling 
offers a better physiological hemodynamic and a simple and 
shorter surgical technique, while the disadvantage remained 
in the lack of annular support. With technical advances and 
modifications, however, the differences between these two 
procedures have narrowed and both can offer equal safety 
and reproducibility. 

Despite in the most comprehensive analysis performed 
to date of the root surgery, early post-operative outcomes 
and overall long-term survival were similar between AVS 
and bio-Bentall interventions, AVS procedures seem to be 
associated with improved long-term freedom from cardiac 
death. Furthermore, the “spared valve” (being native living 
tissue) seems to be more resistant to endocarditis and 
with improved freedom from reoperations as compared to 
patients undergoing bio-Bentall procedures. If the aortic 
valve can be spared, AVS procedures should be considered 
for patients undergoing aortic root replacement. If sparing 
is not possible or challenging, the Bentall procedure offer 
similar low operative risk and good long-term results. A 
minimum follow-up of 15 years is necessary to evaluate 
both the incidence of SVD for biological aortic valve or the 
good functioning of a spared valve.
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