International Journal of Cardiology 296 (2019) 38—42

journal homepage: www.elsevier.com/locate/ijcard

Contents lists available at ScienceDirect

International Journal of Cardiology

Modified Bentall procedure: Mechanical vs biological valved conduits

in patients older than 65 years™

Check for
updates

Andrea Lechiancole **, Michele Celiento °, Miriam Isola ¢, Giuseppe Gatti ¢,
Giovanni Melina ¢, Igor Vendramin ?, Claudio Battistella ¢, Aniello Pappalardo ¢,

Riccardo Sinatra ¢, Uberto Bortolotti °, Ugolino Livi

2 Cadiothoracic Department, University Hospital of Udine, Italy

b Section of Cardiac Surgery, University Hospital of Pisa, Italy

¢ Department of Medicine, University of Udine, Italy

d Cardiothoracic and Vascular Department, University Hospital of Trieste, Italy
€ Department of Cardiac Surgery, S. Andrea University Hospital, Rome, Italy

ARTICLE INFO ABSTRACT

Article history:

Received 29 April 2019
Received in revised form
20 June 2019

Accepted 15 July 2019

Keywords:

Bentall procedure
Mechanical valved conduit
Biological valved conduit
Elderly patients

Background: The modified Bentall procedure is still the treatment of choice for patients requiring
combined replacement of the ascending aorta and aortic valve. We compared the long-term outcome of
patients >65 years of age undergoing Bentall procedure with biological vs mechanical valved conduits in
a multi institutional study.

Methods: A total of 282 patients, undergoing a Bentall operation (January 1994—May 2015), with a
biological (Group 1, 173 patients) or a mechanical (Group 2, 109 patients) conduit were reviewed, the
primary outcome being analysis of late survival and freedom from major adverse events.

Results: Hospital mortality was 5% (9 patients) and 2% (2 patients) for Group 1 and Group 2 (p = 0.2). Median
follow-up was 77 months (range Q1—Q3: 49—111) for Group 1 vs 107 months (range Q1—Q3: 63—145) for
Group 2 (p <0.001). A not statistically significant advantage in late survival was found in patients receiving
mechanical valved conduits (36% for Group 1 vs 58% for Group 2 at 12 years; p = 0.09), although freedom from
major adverse events was similar between the 2 groups (33%in Group 1 vs 50% in Group 2 at 12 years; p = 0.3).
Conclusions: In conclusion, mechanical-valved conduits employed for the modified Bentall procedure
show a trend towards an improved late survival in patients >65 years of age and particularly in those
between 65 and 75 years, despite a higher incidence of major adverse events. Our results indicate the

need for specific guidelines to better define the ideal age limit for each type of valved conduit.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

The first successful simultaneous replacement of the entire
ascending aorta and aortic valve was reported by Wheat et al. in
1964 [1]. Subsequently, Bentall and De Bono in 1968 described a
more radical technique using a composite conduit [2]; the Bentall
procedure and its subsequent modification by Kouchoukos et al. [3]
has become for many years the procedure of choice for patients
requiring combined replacement of the aortic valve and ascending
aorta regardless of the underlying pathology. Recently, after the
seminal paper by David and Feindel [4] the widespread diffusion of
aortic valve-sparing operations in patients with annuloaortic
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ectasia has reduced the number of suitable candidates for a
modified Bentall procedure (MBP). Nevertheless, due to increased
life expectancy, a MBP may be still required in a fairly large number
of elderly patients with aortic valve disease and ascending aorta
pathology. In an aging population biological prostheses are
preferred because of avoidance of long-term anticoagulation and a
longer expected durability [5—7]; furthermore, for the same reason,
even in younger patients, tissue valves with proven long-term
durability may be also indicated, especially considering the po-
tential future diffusion of valve-in-valve procedures [8—10].

In patients requiring a MBP, mechanical conduits have demon-
strated excellent long-term results particularly in freedom from
prosthesis-related events and stability of the procedure [11—-15];
however, biological conduits are currently increasingly used being
considered particularly suitable for elderly patients requiring a MBP
[16—19]. There are however few studies comparing the results of
mechanical versus biological conduits and few data are available
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defining the ideal age limit to prefer one over the other. To specifically
address this issue we have compared the long-term performance of
mechanical versus biological conduits in patients >65 years of age
undergoing a MBP.

2. Material and methods

We have retrospectively reviewed 282 patients >65 years of age undergoing a
MBP (January 1994—May 2015) with a biological (Group 1, 173 patients) or a me-
chanical (Group 2, 109 patients) conduit at 4 Italian institutions. Institutional
approval for the study was obtained (3416/2011, prot. 64168) and patient informed
consent was waived due to its retrospective nature.

The main indication for surgery was aortic valve disease associated with
ascending aorta or root dilatation; patients with acute or chronic aortic dissection or
aortic root endocarditis were excluded.

The type of valved conduit was chosen mostly based on patient age; further-
more, patient lifestyle, preference, compliance to oral anticoagulants, and risk fac-
tors for bleeding or thrombosis were also taken into account.

The primary outcome of the study was overall survival defined as freedom form all-
cause mortality. Secondary outcome was freedom from a composite of major adverse
events (MAEs), that include death and prosthesis-related complications, defined ac-
cording to established guidelines [20]. Particularly, major haemorrhages were intended
as intracranial, gastrointestinal or any other bleeding requiring transfusion or patient
readmission; thrombo-embolic events (TEs) included all major thrombo-embolic epi-
sodes, with and without sequelae, documented clinically or by imaging techniques.

2.1. Clinical data

Relevant preoperative data of the population are summarized in Table 1. Patients
of Group 1 were older (p <0.001), had more coronary artery disease (p =0.02),
concomitant coronary artery bypass grafting (CABG) (p =0.003) and worse NYHA
class (p =0.001); Group 2 patients had more AF (p = 0.002) and aortic regurgitation
as native valve pathology (p = 0.02).

2.2. Surgical technique

All operations were performed through a median sternotomy using moderately
hypothermic cardiopulmonary bypass (CPB), with cannulation of the ascending
aorta or proximal aortic arch in most cases. When required, open distal anastomosis
of the graft was performed during a period of hypothermic circulatory arrest using
either antegrade or retrograde cerebral perfusion according to each Institutional
protocol or surgeon’s preference. Biological conduits employed were either those
commercially available in each centre, including stentless porcine roots, or those
obtained by sewing a stented valve inside a Dacron prosthesis.

Following surgery all patients received subcutaneous heparin; Group 1 patients
were kept on oral anticoagulants for 3 months, replaced by antiplatelet drugs

Table 1
Baseline clinical and surgical characteristics.
Group 1 Group 2 p-Value

Patients, n 173 109
Male, n (%) 125 (72) 69 (63) 0.1
Median age, years (Q;—Qs) 72 (69—-76) 70 (67—73) <0.001
Median LVEF, % (Q;—Qs) 56 (49—60) 55 (48—60) 0.9
Median creatinine, mg/dl (Q;—Qs3) 1.1 (0.9—1.2) 1.0 (0.9-1.2) 0.9

Preoperative AF, n (%) 9(5) 18 (16) 0.002
Coronary artery disease, n (%) 56 (32.4) 21 (19) 0.02
Reoperation, n (%) 11 (6) 11 (10) 0.3
NYHA >3, n (%) 48 (28) 52 (48) 0.001
Arterial hypertension, n (%) 147 (85) 86 (79) 0.2
COPD, n (%) 31(18) 18 (16) 0.8
Peripheral vascular disease, n (%) 15(9) 4 (4) 0.1
Diabetes mellitus type 2, n (%) 20(12) 14 (13) 0.7
Previous stroke, n (%) 7 (4) 6(5) 0.6
Aortic valve disease

Regurgitation, n (%) 93 (54) 73 (67) 0.02

Stenosis, n (%) 46 (26) 27 (25)

Mixed lesion, n (%) 34 (20) 9(8)
Bicuspid aortic valve, n (%) 47 (27) 28 (26) 0.8
Concomitant surgery, n (%) 59 (34) 28 (26) 0.1
Associated CABG, n (%) 50 (29) 15 (14) 0.003
Associated valve, n (%) 9(5) 10 (9) 0.2
Associated — other 5(3) 6(5) 0.3

Median CPB time, min (Q;—Q3)

Median aortic cross-clamp time,
min (Q;—Qs)

Circulatory arrest, n (%)

Euroscore 2, (Q;—Q3)

201 (167-239) 186 (130-237) 0.006
160 (130—186) 139 (104—178)  0.001

63 (36)
3.7 (2.8-5.3)

15 (14) <0.001
3.7 (3-5) 0.9

Q1—Qs. interquartile range; AF: Atrial fibrillation; LVEF: Left ventricular Ejection
Fraction; CABG: Coronary artery bypass grafting; NYHA: New York Heart Associa-
tion; COPD: Chronic obstructive pulmonary disease; CPB: Cardiopulmonary bypass.

thereafter in the absence of AF or other risk factors for TEs. Recently patients without
established risk factors receiving biological conduits were given only antiplatelet
medications [7,21]. Group 2 patients were kept on chronic anticoagulants with a
target international normalized ratio between 2 and 3.

2.3. Follow-up

Patients were reviewed in each centre to evaluate the incidence of postoperative
complications. For those unable to refer for direct evaluation data were obtained
from phone interviews with the patients, relatives or referring physicians. Median
follow-up was 77 months for Group 1 vs 107 months for Group 2 (p <0.001); 5
patients were lost at follow-up.

2.4. Statistical analysis

Continuous variables were expressed as mean + standard deviation or median
and interquartile range (Q1—Q3), according to data distribution after performing the
Shapiro-Wilk test for normality. Categorical variables were expressed as absolute
frequency and percentage. Continuous variables were compared with Student ¢-test
or the Mann-Whitney U test while categorical variables were compared with 2
analysis or the Fisher exact test, as appropriate.

Overall survival and MAEs-free survival were estimated using the Kaplan-Meier
approach. Comparisons between survival distributions were performed using a
univariate and multivariate Cox regression model, with estimation of the hazard
ratio (HR), after the proportional hazards assumption had been verified. The step-
wise multivariate Cox-regression analysis included covariates with p < 0.10 at uni-
variate analysis and the variables that were significantly different at baseline among
the 2 groups, in order to control for potential confounders, according with the al-
gorithm proposed by Biondi-Zoccai et al. [22]. All statistical analyses were per-
formed using the commercially available software (Stata/SE 14.1, Stata Corp LP, USA)
and the Statistical Package for Social Sciences (SPSS) program (Chicago, IL, USA).

3. Results
3.1. Surgical data

Almost all operations were performed in each centre by the
senior surgeon (AP, RS, UB, UL). In Group 1 the following conduits
were used: hand-sewn composite conduits containing a Perimount
Magna pericardial bioprosthesis (Edwards Lifesciences Corp., Irvine,
CA) in 110 patients or a Mosaic porcine bioprosthesis (Medtronic
Inc., Minneapolis, MN) in 18; pre-formed stentless porcine aortic
roots in 23 (Medtronic Freestyle in 17 and Edwards Prima in 6) and
BioValsalva conduits (Vascutek Terumo, Renfrewshire, Scotland) in
22. Mean size of bioprostheses was 25.5 + 1.5 mm.

The percentage of preformed conduits in the total pool of bio-
logical conduits varied according to the policy of each centre and to
the preference and experience of each surgeon: 1% in the University
Hospital of Trieste, 28% and 36% in the University Hospitals of Udine
and Rome, and 93% in the University Hospital of Pisa. Patients who
received a preformed biological conduit were older (median age
74 years: Q1—Q3: 68—76 vs 72 years; Q1—Q3: 68—78 (p=0.006)
than those who received a hand-sewn device, but did not differ
significantly for other baseline characteristics.

In Group 2 a Carbo-Seal or Carbonart conduit (Liva Nova, Sal-
uggia, Italy) was implanted in 64 and 7 patients, respectively, and a
St. Jude conduit (Abbott Laboratories, Chicago, IL) in 38 patients.
Mean size of mechanical prostheses was 26 + 2 mm.

In Group 1 a longer median myocardial ischaemic (160 min vs
139 min, p <0.001), and median CPB time (201 min vs 186 min,
p=0.001) were observed together with greater employment of
circulatory arrest (36% vs 14%, p<0.001), and higher rate of
concomitant procedures, particularly CABG (29% vs 14%, p = 0.003).
Among biological MBP, cross-clamp time was longer in patients
with hand-sewn devices (median 169 min; Q1—Q3: 133—196 vs
148 min; Q1—Q3: 103—198 (p = 0.02), mainly due to the time spent
to suture the valve prosthesis to the tube graft.

3.2. Early and late mortality

Overall hospital mortality was similar in the two Groups: 5% (9
patients) and 2% (2 patients) for Group 1 and 2, respectively (p = 0.2).
In Group 1, causes of death were: sepsis in 4, multiorgan failure in 3,
bowel ischaemia in 1 and cerebral haemorrhage in 1; in Group 2, 2
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patients died of multiorgan failure. Hospital mortality was 5% (11 = 6)
and 7% (n=3) for patients receiving hand-sewn and pre-formed
devices (p=0.4).

There were 111 late deaths, 65 in Group 1 and 46 in Group 2. In
Group 1, 46 patients died of non-cardiac causes, while 19 died of
cardiac causes, 9 being valve-related: 4 patients had sudden death,
2 died at reoperation, 2 of stroke and 1 of endocarditis. In Group 2,
29 patients died of non-cardiac causes and 17 for cardiac causes, 9
being valve-related: sudden death in 3, stroke in 2, endocarditis in 2
and prosthetic thrombosis in 1 and cerebral haemorrhage in 1.

The Kaplan-Meier estimated 4, 8 and 12-year survival was 85%, 69%
and 36% for Group 1, vs 83%, 72% and 58% for Group 2 (p = 0.09) (Fig. 1A).

Crude univariate Cox regression analysis didn’t show any dif-
ference in mortality between Group 1 and 2 patients (p = 0.09).
Analysis of the relationship between mortality and other variables
isreported in Table 2. Stepwise multivariate Cox regression analysis
(Table 2) included type of conduit, age, sex, associated CABG, atrial
fibrillation, NYHA >3, LVEF, serum creatinine, peripheral vascul-
opathy, CPB time, aortic cross clamp time, circulatory arrest, aortic
valve disease and Euroscore 2. The analysis showed that risk factors
for late mortality were male sex (p = 0.004), age (p <0.001), pre-
operative serum creatinine (p = 0.01), and Euroscore 2 (p = 0.002).

Long-term survival (p = 0.99) and freedom from MAEs (p =0.5)
did not differ according to the type of biological device employed
(hand-sewn or pre-formed).

3.3. Postoperative complications

TEs occurred after a median interval from operation of 12 months
(range 2—217 months) in 20 patients: 5 in Group 1 (all ischaemic
strokes), with 2 deaths and 15 in Group 2 (14 ischaemic strokes and 1
valve thrombosis), with 3 deaths. Overall, during the follow-up the
incidence of stroke was 3% in Group 1 and 13% in Group 2 (n = 14).

Major haemorrhages were reported in 12 patients occurring after
a median interval from MBP of 21.5 months (range 5—140 months);
in Group 1, 4 patients, all on anticoagulants because of AF, had a
severe haemorrhage (3 intestinal and 1 cerebral) with 1 death, and 8
in Group 2 (7 intestinal and 1 cerebral) with 1 death.

There were 7 cases of endocarditis (4 in Group 1 and 3 in Group
2). This complication occurred at a median interval of 36 months
(range, 4 to 93 months); 4 patients were reoperated with 2 deaths.

a
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During follow-up, 6 patients underwent reoperation on the
conduit, 4 in Group 1 (2, 36, 43 and 93 months) with 2 deaths and 2
in Group 2 (97 and 140 months) with no deaths. Causes of reop-
eration were infective endocarditis in 4 (3 in Group 1 and 1 in
Group 2), and pseudoaneurysm in 2. None of the patients of Group
1 underwent a valve-in-valve procedure.

Long-term MAEs-free survival was similar in the two groups
(p = 0.3). Estimated 4, 8 and 12 years MAEs-free survival was 81%, 65%
and 33% in Group 1 vs 74%, 63% and 50% in Group 2 (Fig. 1B). Stepwise
multivariate Cox regression analysis (Table 3) included conduit, age,
sex, associated CABG, atrial fibrillation, NYHA >3, LVEF, serum creat-
inine, peripheral vasculopathy, CPB time, aortic cross clamp time, cir-
culatory arrest, aortic valve disease, reoperation and Euroscore 2. The
analysis showed that risk factors for MAEs were male sex (p = 0.001),
age (p=0.02), preoperative serum creatinine (p = 0.008) and Euro-
score 2 (p < 0.001); LVEF was found to be a protective factor (p = 0.01).

4. Discussion

In patients requiring simultaneous replacement of the aortic valve
and ascending aorta the MBP still represents the treatment of choice.
Although mechanical conduits have been associated with gratifying
results even in the long-term [11—15], biological conduits are
currently gaining widespread acceptance due to increasing age of
patients referred for surgery [ 16,17,19,23,24]. The so called ‘bio Bentall’
is preferred in elderly patients, usually >75years since in them
avoidance of anticoagulation and its potential complications renders
such devices particularly appealing; furthermore, the risk that re-
cipients would outlive the new generation tissue valves inside the
graft with the need for reoperation because of structural valve dete-
rioration (SVD) at a much older age appears extremely low [25—27].
For younger patients, particularly those >65 years, the choice of the
type of conduit appears less straightforward, representing a still
debated issue; in these patients one should weight the risks of
reoperation, due to the limited prosthetic durability, against those
related to life-long anticoagulation or its possible inadequate man-
agement. A grey zone appears therefore to be represented by patients
with an age between 65 and 75 years scheduled for MBP, since in this
population which should be the most suitable conduit is still unclear.
To add further data to help clarifying this issue we are here reporting
the experience from a multi institutional registry.
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Fig. 1. A) Actuarial survival in the population. B) Actuarial freedom from major adverse events (MAEs).
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Univariate and stepwise multivariate analysis for death.

Table 3

Univariate and stepwise multivariate analysis for MAEs.

41

Univariate Multivariate
(stepwise)
HR (95% CI) p-Value HR (95% CI) p-Value
Mechanical valved 0.71 (0.48—1.05) 0.09
conduit
Male sex 1.87 (1.18-2.97) 0.008 1.99 0.004
(1.25-3.17)
Age 1.11 (1.06—1.15)  <0.001 1.10 <0.001
(1.05-1.14)
Preoperative AF 0.90 (0.44—1.84) 0.8
Aortic valve disease
Mixed lesion 1 -
Aortic stenosis 0.85 (0.44—1.64) 0.6
Aortic regurgitation 1.13 (0.64—2.01) 0.7
Bicuspid aortic valve 0.75 (0.47—1.19) 0.2
Reoperation 1.38 (0.72—2.66) 0.3
Associated CABG 1.49 (0.98—2.28) 0.06
Associated valve 1.09 (0.51-2.34) 0.8
Associated — other 0.69 (0.25—1.89) 0.5
LVEF 0.97 (0.95—-0.99) 0.001
NYHA >3 1.46 (0.99-2.14) 0.05
Arterial hypertension 0.80 (0.51-1.27) 03
COPD 0.96 (0.57—-1.61) 0.9
Serum creatinine 245 (1.56-3.87) <0.001 1.96 0.01
(1.16—3.29)
Peripheral vasculopathy  2.09 (1.15-3.82) 0.02
Diabetes mellitus 1.31 (0.75-2.29) 04
CPB time 1.00 (0.998—1.003) 0.8
Aortic cross-clamp time 1.00 (0.997—1.003) 1.0
Circulatory arrest 0.91 (0.59-1.39) 0.7
Euroscore 2 1.15(1.09—-1.22)  <0.001 1.11 0.002
(1.04-1.19)

AF: Atrial fibrillation; LVEF: Left ventricle ejection fraction; AF; CABG: Coronary
artery bypass grafting; NYHA: New York Heart Association; COPD: Chronic
obstructive pulmonary disease; Cardiopulmonary bypass.

In this retrospective analysis we have compared 2 Groups of
patients >65 years of age according to the type of conduit employed,
either biological or mechanical. The results of such comparison did
not show any significant difference between Group 1 and 2 patients
in terms of late survival and freedom from MAEs. Similar results
were found also by Pantaleo et al. who, after reviewing their expe-
rience with biological versus mechanical MBP for aortic root
replacement, concluded that the choice of the type of graft did not
have any influence in the clinical outcome [24]. However, their data
are analysed only at a mid-term follow-up (7 years) without any
specific reference to patient age as possible risk factor.

In patients requiring combined replacement of the aortic valve
and ascending aorta the choice of the best type of composite valve
conduit may be still a matter of debate. Indeed, there are few reports
specifically designed to compare the long-term performance of me-
chanical versus biological conduits for MBP [24,28—30], while in
many large reported series of the MBP the number of biological
conduits employed is extremely low to allow a meaningful compar-
ison with mechanical conduits in terms of overall performance
[12,16,17,30—32]. Only the paper by Etz et al. [30] specifically deals
with the problem of age in patients undergoing the MBP. Considering
patients between 50 and 60 years of age they found equivalent results
in those receiving a biological (albeit only stentless porcine aortic
roots) or a mechanical conduit questioning the use of the latter in
quinquagenarians in view of the possible role of future transcatheter
valve-in-valve procedures, should SVD of a biological conduit occur at
a later stage. However, considering that in their population very few
patients were at risk at 8 years post-MBP with a stentless conduit,
their conclusions may appear too optimistic; indeed, one could be
faced with the need for a valve-in-valve procedure in a 60-year-old
patient with a failing, calcified porcine aortic root which does not
appear particularly appealing, while total aortic root re-replacement
is still an extremely challenging operation in this setting.

Several studies focusing on aortic valve replacement have shown
that mechanical prostheses confer a survival advantage over

Univariate Multivariate (stepwise)
HR (95% CI) p-Value HR (95% CI) p-Value
Mechanical valved 0.84 (0.58—1.20) 0.3
conduit
Male sex 1.91 (1.24-2.95) 0.003 2.10 0.001
(1.34-3.30)
Age 1.08 (1.03—1.12)  <0.001 1.05 0.02
(1.01-1.10)
Preoperative AF 1.08 (0.58—2.01) 0.8
Aortic valve disease
Mixed lesion 1 -
Aortic valve stenosis  0.85 (0.47—1.53) 0.6
Aortic valve 1.04 (0.62—1.74) 0.9
regurgitation
Bicuspid aortic valve 0.69 (0.45—1.07) 0.1
Reoperation 1.68 (0.94—3.00) 0.08
Associated CABG 1.51 (1.02—-2.23) 0.04
Associated valve 0.88 (0.41—-1.89) 0.7
LVEF 0.96 (0.95—-0.98) <0.001 0.98 0.01
(0.96—0.995)
NYHA >3 1.48 (1.04—2.11)  0.03
Arterial hypertension 0.86 (0.56—1.34) 0.5
COPD 1.11 (0.69—-1.78) 0.7
Serum creatinine 2.64 (1.76—3.96) <0.001 1.90 0.008
(1.18-3.07)
Peripheral vasculopathy 1.70 (0.94—3.09) 0.08
Diabetes mellitus 1.32 (0.79-2.20) 0.3
Previous stroke 0.85 (0.35—2.08) 0.7
CPB time 1.00 0.4
(0.999-1.004)
Aortic cross-clamp time 1.00 0.5
(0.998—1.004)
Circulatory arrest 0.99 (0.68—1.46) 1.0
Euroscore 2 1.17 (1.11-1.23) <0.001 1.12 <0.001
(1.06—1.20)

MAEs: Major adverse cardiovascular events; AF: Atrial fibrillation; LVEF: Left ven-
tricular ejection fraction; AF: Atrial fibrillation; CABG: Coronary artery bypass
grafting; NYHA: New York Heart Association; COPD: Chronic obstructive pulmonary
disease; CPB: Cardiopulmonary bypass.

biological devices, especially in the late period, even when
employed in older patients [26]. However, patients with mechanical
aortic valve replacement were reported to be at a higher risk of
bleeding and thrombo-embolic complications [25,26].

Recent guidelines indicate that for isolated aortic valve
replacement a mechanical prosthesis should be considered in pa-
tients <65 years of age in the absence of specific contraindications
[7]. For patients requiring combined replacement of the aortic valve
and ascending aorta there are not, however, specific guidelines and
particularly no clear indications concerning any specific age
threshold for biological or mechanical conduits. Furthermore, it is
still unclear whether the presence of a fabric conduit might have
any impact of valve performance, particularly valve durability and
rate of TEs by eliminating a potentially thrombogenic tract of the
aorta as suggested by the Yale group [33].

As expected, in our experience mechanical MBP was associated
to a higher incidence of TEs and anticoagulant-related bleeding. In
fact, the major limitation of contemporary mechanical valved
conduits still remains the required life-long anticoagulation with
subsequent complications. This should be in favour of a biological
conduit for MBP also in this age range; however, it must be
considered that in view of a possible later valve-in-valve procedure,
a bio-prosthetic valve of adequate size should be implanted to
avoid the potential risk of creating a subsequent patient-prosthesis
mismatch. Indeed, previous aortic valve replacement with a small
surgical bio-prosthesis was reported to be a strong predictor for 1-
year mortality after valve-in-valve procedure [10]. Otherwise, a
mechanical conduit should be preferable, combining the advantage
of an excellent long-term durability with an acceptably low rate of
overall MAEs. However, it must be underlined that, despite the use
of various bio-prosthetic models, no cases of reoperation for SVD
have occurred in our series, most likely due to the shorter median
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follow-up of Group 1. With increasing follow-up, reoperation for
bioprosthetic failure might become more frequent thus signifi-
cantly influencing the rate of MAEs in this group unless a less
invasive trans aortic valve-in-valve procedure is indicated; how-
ever, should a bioprosthetic valve outlive older patients this
complication would become clearly undetectable. Based on our
data late results after MBP appear to be similar in both Groups at
least up to the 10th postoperative interval, after which there is a
strong trend towards a difference in late survival and freedom from
MAE:s curves. It could be speculated that after this period, a certain
grade of SVD might develop negatively affecting survival. However,
which one among possible incidence of SVD, difference in median
age or small number of patients at risk at further follow-up, may be
considered as most probable explanation remains unclear.

One of the major limitations of the present study is represented
by its retrospective nature and by the absence of randomization.
However, including observed confounders in the Cox regression
analysis has reported to be a robust and precise method for limiting
the possibility of biases [22]. Another limitation is represented by
the lack of a complete clinical and echocardiographic assessment in
many of our patients. Furthermore, the diagnosis of prosthetic
dysfunction was based only on the rate of reoperations; this did not
allow defining the precise incidence of this complication using the
methods suggested by the recent consensus statement [34].

A strength of the present series lies in the fact that we considered
only patients undergoing elective aortic valve and ascending aorta
replacement, excluding those with acute or chronic aortic dissection
and those with destructing endocarditis; this yielded a more uniform
population eliminating potentially confounding factors.

5. Conclusions

In conclusion, among patients >65 years of age, and particularly
in those between 65 and 75 years, the MBP represents a valid sur-
gical option, with satisfactory early and long-term results. Mechan-
ical valved conduits are associated with a trend towards better late
survival than biological valved conduits; however, patients receiving
mechanical devices are more likely to experience thromboembolic
and bleeding complications. In this specific subset a bio Bentall
procedure may also appear indicated provided that the aortic valve is
replaced by a tissue valve of adequate size to allow a subsequent
valve-in-valve procedure with avoidance of patient-prosthesis
mismatch. Our results may stimulate to better define the ideal age
limits for the use of each composite conduits in patients requiring a
MBP by specific guidelines endorsed by the cardiac surgical societies.
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