
REVIEWS

Aortic Root Replacement With Biological Valved
Conduits
Sebastiano Castrovinci, MD,* David H. Tian, BS,* Giacomo Murana, MD,
Mariano Cefarelli, MD, Paolo Berretta, MD, Jacopo Alfonsi, MD,
Tristan D. Yan, MD, PhD, Roberto Di Bartolomeo, MD, and Marco Di Eusanio, MD, PhD
Department of Cardiac Surgery, Sant’ Orsola-Malpighi Hospital, University of Bologna, Italy; and the Collaborative Research (CORE)
Group, Macquarie University, Sydney, Australia

The execution of Bentall procedures using biological
valved conduits is expanding owing to the increased
incidence of aortic valve and root diseases in the aging
population. To review the available data, a systematic
search identified 29 studies with a total of 3,298 patients.
Although evidence on short-term results suggested

favorable outcomes after biological Bentall operations,
data beyond 5 years are limited and highlight the urgent
need for further investigations with longer follow-up.

(Ann Thorac Surg 2015;100:337–53)
! 2015 by The Society of Thoracic Surgeons

In 1968, Bentall and DeBono [1] first described the
technique for complete replacement of the ascending

aorta and aortic valve with the reimplantation of the
coronary arteries. Since its introduction, this technique,
which subsequently became known as the Bentall oper-
ation, has been considered the gold standard in the sur-
gical treatment of combined aortic valve and ascending
aorta diseases.

The increasing age of patients currently requiring
aortic root surgery and excellent long-term durability of
newer biological aortic valve prostheses have stimulated
an increase in the use of biological valved conduits, such
as biological hand-sewn composite grafts, total biological
root prostheses, and allografts. Despite this, data on bio-
logical Bentall procedures are sparse.

The present systematic review aimed to evaluate early
and late clinical outcomes after Bentall operations using
biological valved conduits.

Material and Methods

Literature Search Strategy
Electronic searches were performed using PubMed, from
the date of inception to February 2014. To achieve the
maximum sensitivity of the search strategy and identify
all studies, we combined the following terms: “aortic
diseases/surgery” [Mesh] AND Bentall [Title] OR stented
bioprosthetic valved conduit [Title] OR biological [Title]
OR root bioprosthesis [Title] OR biological valved conduit
[Title] OR biological root [Title] OR composite graft [Title]
AND English [Language].” The reference lists of all

retrieved articles were reviewed for further identification
of potentially relevant studies. All identified articles were
systematically assessed using the inclusion and exclusion
criteria.

Selection Criteria
Eligible studies for the present systematic review
included those in which patient cohorts underwent Ben-
tall procedures with biological prostheses. Primary end
points included in-hospital (or 30 days) mortality, stroke,
renal failure, respiratory failure, myocardial infarction, as
well as follow-up survival, freedom from aortic reinter-
vention, freedom from thromboembolic events, and
freedom from prosthesis endocarditis. Studies that did
not include predetermined primary or secondary end
points were excluded. When institutions published
duplicate studies with accumulating numbers of patients
or increased lengths of follow-up, only the most complete
reports were included for quantitative assessment at each
time interval. All publications were limited to those
involving human subjects and reported in the English
language. Abstracts, case reports, conference pre-
sentations, editorials, and expert opinions were excluded.
Review articles were omitted because of potential publi-
cation bias and duplication of results.

Data Extraction and Critical Appraisal
All data were extracted from article texts, tables, and
figures and subsequently tabulated by three of the in-
vestigators (S.C., G.M., M.C.). Data were reviewed by
another investigator (D.H.T.). Discrepancies between the
reviewers were resolved by discussion and consensus.
The final results were reviewed by the senior investigator
(M.D.E.). The quality of studies was assessed using
criteria recommended by the National Health Service
Centre for Reviews and Dissemination case series quality
assessment criteria (University of York, UK) [2].
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Statistical Analysis
Standard descriptive statistics were used to summarize
demographic and baseline data of eligible patients. Data
were presented as N (%) or mean ! standard deviation as
appropriate. Pooled averages were estimated using the
random-effects model as proposed by DerSimonian and
Laird [3]. Pooled values were calculated when results
were reported by at least 50% of studies and at least 50%
of patients. The method of Hozo and colleagues [4] was
used to estimate the mean and variance in studies that
only reported median and range. Individual patient sur-
vival data were reconstructed using an iterative algorithm
that was applied to solve the Kaplan-Meier equations
originally used to produce the published graphs. This
algorithm, as provided by Guyot and colleagues [5], uses
digitalized Kaplan-Meier curve data to find numerical
solutions to the inverted Kaplan-Meier equations. This
algorithm assumed constant censoring (ie, that the
censoring mechanism was noninformative), and was
implemented in R (v.3.1.0). The reconstructed patient
survival data for each study were then aggregated to form
combined survival curves. Mixed effects meta-regression
was conducted against outcomes on study-level variables.
Evidence of publication bias was sought using the
methods of Egger and associates [6] and Begg and
Mazumdar [7]. If studies appear to be missing in areas of
low statistical significance, then it is possible that the
asymmetry is a result of publication bias. If studies
appear to be missing in areas of high statistical signifi-
cance, then publication bias is a less likely cause of funnel
asymmetry. Intercept significance was determined by the
Student’s t test suggested by Egger and associates [6]. All
statistical analyses were conducted with Comprehensive
Meta-analysis v2.2 (Biostat Inc, Englewood, NJ) or Stata
version 11.0 (Stata Corp, College Station, TX).

Results

Quantity of Studies
A total of 209 studies were identified through PubMed
database and other sources. After exclusion of duplicate
or irrelevant references, 28 studies remained for assess-
ment. The study selection process is presented in Figure 1
according to the PRISMA statement [8]. One study was
separated into two studies because it reported data on
two different bioprostheses [9]. A total of 29 series were
therefore assessed [9–36]. All of the included studies were
retrospective observational studies except one prospec-
tive series [16]. Fourteen studies had more than 100 pa-
tients (range, 101 to 317 patients) [10, 11, 13, 18, 21, 22, 24,
25, 27, 29, 31, 32, 34, 35], including two multicenter reg-
istries [10, 32], and the remaining series had fewer than
100 patients (range, 10 to 80 patients) [9, 12, 14–17, 19, 20,
23, 26, 28, 30, 33, 36].
Fourteen studies reported follow-up greater than 36

months (range, 37 to 92 months) [10, 12, 16, 18, 21, 22, 24,
25, 27, 30, 31, 33–35]. Five studies had follow-up less than
3 years (range, 6 to 24 months) [14, 20, 23, 28, 36], and
the remaining studies did not report length of follow-up
[9, 11, 13, 17, 19, 26, 29, 32]. The study characteristics are
summarized in Table 1. In these 29 series, 3,298 patients
underwent the Bentall procedure with a biological
prosthesis.

Demographic Data
Overall, 67.5% of patients were male, with a weighted
mean age of 67.1 years. Degenerative aneurysm was the
sole surgical indication in one study [20], whereas the rest
included a combination of aneurysm, acute aortic
dissection, and aortic valve endocarditis. Overall, how-
ever, degenerative aneurysm was the primary indication

Fig 1. Search strategy of systematic review
on Bentall operation using biological valved
conduit. From Moher D, Liberati A, Tetzlaff J,
Altman DG. The PRISMA flow-chart [8].
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in 75.1% of patients, acute aortic dissection in 7.5%, and
endocarditis in 5.7%. Reoperation procedures were per-
formed in 12% of patients, and 10.8% were urgent or
emergent. Only 7 series reported logistic EuroSCORE
(European System for Cardiac Operative Risk Evaluation)
(range, 15.1 to 48.6) [9, 20, 24, 25, 30, 35]. A summary of
preoperative characteristics, indication for surgery, and
preoperative clinical status is listed in Tables 2 and 3.

Operative Data
Weighted average cardiopulmonary bypass time and
myocardial ischemic time were 185 minutes (range, 112 to
318 minutes) and 124 minutes (range, 76 to 242 minutes),
respectively.
The Bentall procedure was performed with a Freestyle

stentless aortic root bioprosthesis (Medtronic Inc, Min-
neapolis, MN) in 12 series [10, 11, 13, 14, 16, 17, 21, 22, 29,
32, 33, 36], with different hand-sewn composite grafts in 8
series [9, 12, 18, 23, 25–27, 35], with BioValsalva conduit
(Vascutek Terumo, Renfrewshire, UK) in 5 series [9, 19,
20, 28, 34], with Shelhigh BioConduit model NR-2000C
(Shelhigh, Inc, Milburn, NJ) or No-React BioConduit
(BioIntegral Surgical, Inc, Mississauga, Ontario, Canada)
in 3 series [15, 30, 31], with Prima Plus aortic root bio-
prosthesis (Edwards Lifesciences, Irvine, CA) in 3 series
[11, 17, 29], and with Toronto root bioprosthesis (St. Jude
Medical, St. Paul, MN) in 3 series [22, 24, 29].
All but three studies [16, 29, 33] reported the method of

coronary reimplantation. In particular, the button tech-
nique was described in all of these studies, although a few
also practiced the classic inclusion technique and the
Cabrol technique [12, 18, 22].
Data pertaining to arch surgery were presented in 18

studies [9, 11, 15, 17–19, 21, 22, 24–28, 31, 34–36]. With
regard to the method of brain protection, antegrade se-
lective cerebral perfusion was used in 11 studies [18, 19,
22, 23, 26, 28, 31, 32, 34–36], retrograde cerebral perfusion
in 3 studies [22, 35, 36], deep hypothermic circulatory
arrest in 14 series [9, 11, 12, 17, 18, 21, 22, 27, 29–31, 34, 35],
and a combination of antegrade selective cerebral perfu-
sion and retrograde cerebral perfusion in one study [22].
A summary of operative characteristics (with associated
cardiac procedures) is listed in Table 4.

Assessment of Safety
All studies reported in-hospital or 30-day mortality [9–36].
Overall, average weighted mortality was 6.4% (range, 0%
to 20%). Postoperative stroke was reported in 19 series [9,
11, 17, 18, 20–22, 24, 25, 27–31, 33–36], with an average of
3.7% (range, 0% to 29%). Renal failure was reported in 14
series [9, 18, 20–22, 24, 27, 28, 30, 31, 34–36], respiratory
insufficiency was reported in 12 series [9, 18, 19, 22, 26–28,
30, 31, 35, 36], and myocardial infarction was reported in
15 series [9, 11, 14, 18, 20–22, 25, 27, 29, 31, 34–36]. Post-
operative renal failure ranged between 0% and 29%,
respiratory insufficiency ranged between 3% and 71%,
and myocardial infarction was identified in 2.9% of pa-
tients (range, 0% to 8%). Atrial fibrillation was reported in
only 8 studies (range, 4% to 36%) [16, 17, 20, 22, 25, 30, 35,
36], mediastinitis in 10 series (range, 0% to 6%) [9, 18, 20,Ta
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25, 27, 30, 34–36], and pacemaker implantation in 9 series
(range, 0% to 20%) [9, 14, 17, 18, 22, 28, 30, 31]. Reopera-
tion for bleeding was reported by all but 8 studies [10, 12–
15, 24, 29, 32] and occurred in 7.6% of patients (range, 0%
to 28%). Intensive care unit stay ranged between 1.5 and
4.9 days, whereas in-hospital stay ranged between 8.9 and
18.3 days. A summary of early outcomes is listed in Ta-
ble 5. No statistical correlation between mean age and
mortality or the incidence of stroke was identified.

Assessment of Long-Term Efficacy
Long-term survival was reported in 14 studies [12, 14, 18,
20–22, 24, 29–32, 34–36] with 1,882 patients: at 1, 2, 3, 5, and
10 years survival was 88%, 86%, 82%, 76%, and 58%,
respectively (Fig 2). Ten studies (1,216 patients) reported
freedom from reoperation [12, 13, 16, 20, 21, 28, 29, 31, 34,
36]: at 1, 2, 3, and 5 years, freedom from reoperation was
96%, 94%, 93%, and 90%, respectively (Fig 3). Only 3
studies [12, 24, 29] reported freedom from thromboem-
bolic events (361 patients): at 1, 2, 3, and 5 years, freedom
from thromboembolic events was 97%, 97%, 95%, and
94%, respectively (Fig 4). Moreover 3 studies [21, 24, 29]
reported freedom from prosthesis endocarditis (631 pa-
tients): at 1, 2, 3, and 5 years, freedom from prosthesis
endocarditis was 99%, 98%, 96%, and 94%, respectively
(Fig 5).

Publication Bias
The funnel plot of Begg and Mazumdar [7] and the test of
Egger and colleagues [6] were performed to assess pub-
lication bias in the literature. The funnel plot (Fig 6) ap-
pears asymmetric, although there is evidence for bias
using Begg and Mazumdar’s rank correlation method
(p ¼ 0.001) but not using the weighted regression method
of Egger and colleagues (p ¼ 0.238).

Comment

The reported use of biological prostheses in aortic valve
replacement operations has increased markedly in the
past decade [37]. This trend might be justified by the
increasing incidence of aortic valve diseases in the aging
population [38], the mounting evidence for improved
long-term durability of newer valve models [39], and the
need for long-term anticoagulation for mechanical pros-
theses [40], as well as by the recent development of
minimally invasive transcatheter valve-in-valve pro-
cedures [41]. Additionally, age cutoff and major medical
contraindications to anticoagulant therapy are no longer
considered the only major selection criteria for tissue
valves; in fact, the most recent guidelines for the man-
agement of patients with heart valve diseases also
recommend the placement of a biological prosthesis in
patients of any age who are reluctant to receive lifelong
anticoagulant therapy [38, 42]. Together, these data sup-
port the extended use of bioprosthetic valves, not only in
patients with isolated aortic valve diseases but also in
those with combined aortic valve and root diseases.
In the past decade, aortic valve-sparing techniques

have gained significant interest. However, compared withTa
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Bentall interventions, valve-sparing root replacements
are less appealing for the elderly as a result of frequent
aortic leaflet disorders, increased technical complexity,
longer operational duration, and not excludable greater
durability of biological valve prostheses [43] (Fig 7).
Therefore, the present systematic review was conducted,
with emphasis on early- and long-term outcomes, to
evaluate the existing evidence for aortic root replacement
with a biological valved conduit.

In our data, a degenerative aneurysm (75.1%) was the
predominant disease that required a biological root
replacement, followed by acute aortic dissection (7.5%)

and aortic valve endocarditis (5.7%). This distribution was
not different from that observed in studies assessing
Bentall surgery with mechanical valves [44–46]. The low
proportion of patients presenting with acute aortic
dissection may be because the majority of aortic dissec-
tions can be successfully treated with a conservative
approach involving simple supracoronary ascending
aorta and hemiarch replacement with commissural
resuspension, particularly in the elderly. Composite graft
replacement, either biological or mechanical, is most
frequently performed in patients presenting with severe
involvement or dilatation of the aortic root, in whom

Fig 2. Overall survival based on
reconstructed individual patient
data. Data of 1,882 patients from 15
studies were reconstructed and pre-
sented. Dotted lines represent
Kaplan-Meier curves of individual
studies, and the solid line represents
aggregated survival data of the 15
included studies. Numbers within
the figure represent the study refer-
ence from which the corresponding
curve was reconstructed.

Fig 3. Freedom from reoperation
based on reconstructed individual
patient data. Data of 1,216 patients
from 10 studies were reconstructed
and presented. Dotted lines repre-
sent Kaplan-Meier curves of indi-
vidual studies, and the solid line
represents aggregated survival data
of the 10 included studies. Numbers
within the figure represent the study
reference from which the corre-
sponding curve was reconstructed.
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repair is assumed to be associated with poorer short- and
mid-term results [47, 48].

Historically, earlier operations that required a biolog-
ical Bentall operation used intraoperative hand-sewn
composite graft constructions. The use of stentless

xenografts [49, 50] and pre-sewn biological valved con-
duits [51, 52] has increased in recent years.
Hand-sewn composite grafts still represent the most

frequently used. This is because of the possibility of
combining different valves with different conduits on

Fig 4. Freedom from thromboem-
bolic events based on reconstructed
individual patient data. Data of 361
patients from 3 studies were recon-
structed and presented. Dotted lines
represent Kaplan-Meier curves of
individual studies, and the solid line
represents aggregated survival data
of the 3 included studies. Numbers
within the figure represent the study
reference from which the corre-
sponding curve was reconstructed.

Fig 5. Freedom from endocarditis
based on reconstructed individual
patient data. Data of 631 patients
from 3 studies were reconstructed
and presented. Dotted lines repre-
sent Kaplan-Meier curves of indi-
vidual studies, and the solid line
represents aggregated survival data
of the 3 included studies. Numbers
within the figure represent the study
reference from which the corre-
sponding curve was reconstructed.
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which the operating surgeons rely. Nevertheless, the
implantation is less handy, especially when the annular
sutures have to be passed through the sewing ring of the
assembled device, which may translate into somewhat
prolonged operative times.

Stentless xenografts have been widely used owing to
improved flow pattern, durability, and excellent long-
term clinical results; possible disadvantages include
difficult handling, limited durability compared with me-
chanical valve conduits [53], and severe conduit calcifi-
cation with time [22].

Among pre-sewn valved conduits, the BioValsalva
conduit, which combines a Valsalva graft with a stentless
porcine valve [52, 54], allows the separate excision of the
diseased cups, facilitating reoperative interventions as a
result of structural valve deterioration; however, its triple-
layered graft reduces both pliability and handling.

Finally, the pre-sewn Shelhigh BioConduit, a bovine
pericardial straight graft with an incorporated stentless
valve [51], is favored for its complete biological charac-
teristics, particularly in elderly patients with degenerative

aortic root disease or those with aortic valve endocarditis.
However, early structural degeneration has been re-
ported as a serious concern by some authors [55, 56].
The lack of comparative studies and the heterogeneity

of the reported study populations did not permit
comparative analyses of short- and long-term outcomes
with different biological valved conduits; as a result, the
surgeon’s confidence with specific materials still plays a
major role in graft selection.
Another important issue is the coronary reimplanta-

tion procedure, with the classic inclusion, aortic button,
and Cabrol techniques representing the three most
commonly used methods. The original Bentall operation
[1] with the inclusion technique and direct rean-
astomosis of the coronary ostia was abandoned in the
early 1990s in favor of the button technique [57, 58],
which has several features that may reduce the inci-
dence of early and late complications. In particular, to
obviate the problem of false aneurysms associated with
wrapping in the inclusion technique, some surgeons
advocate excision of the coronary ostial buttons,

Fig 6. Funnel plot for systematic
review of Bentall procedures using
biological roots. The logit event rate
for mortality (horizontal axis) is
presented against the standard error
of the log of the logit event rate
(vertical axis). The standard error
inversely corresponds to the study
size. Asymmetry of the plot can
indicate publication bias. Open cir-
cles indicate included studies, and
filled circles represent imputed
studies identified through Trim and
Fill analysis.

Fig 7. Temporal trend of biological Bentall
cases. The number of cases per year is aver-
aged over the duration of each study. Each
bar is subdivided into the contributions of
individual studies. For example, in 2010,
there were 3 studies with data presented.
Color scheme identifies individual studies
across the study period.
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mobilization of the proximal coronary arteries, and then
reattachment of the ostia to the composite valve graft.
This allows an increased length of artery that should
bridge the gap between the aneurysm wall and the graft
with minimal tension on the anastomoses. Thereafter,
Cabrol and colleagues [59] developed a technique in
which a 10-mm interposition tube graft was looped be-
tween the two coronary ostia and then the loop was
attached to the ascending aortic composite valve graft
with a side-to-side anastomosis. This technique was
used mainly for patients who had undergone root
reoperation or for extreme aortic dilatation because of
difficult mobilization and approximation of the coronary
arteries to the aortic graft. It is likely that the increasing
use of grafts recreating the sinuses of Valsalva will
further reduce the use of the Cabrol technique for cor-
onary ostia reimplantation. In fact, by recreating the
sinuses of Valsalva, these grafts may reduce the distance
between the coronary ostia and the graft itself and
reduce the complications at the anastomotic site.

Operative times are very different among the series;
cardiopulmonary bypass time and myocardial ischemic
time ranged between 112 and 318 and 76 and 242 minutes,
respectively. This discrepancy is attributable to the
different associated procedures, particularly the aortic
arch surgery.

The present review found acceptable operative mor-
tality, stroke, and myocardial infarction rates (6.4%, 3.7%,
and 2.9%, respectively). Our relatively high operative
mortality reflects an unselected patient population
because patients with acute aortic dissections or active
endocarditis were included in these reviewed series, a
subgroup in which operative mortality may approach
30% [60].

In our review, overall survival at 1, 2, 3, and 5 years was
88%, 86%, 82%, and 76%, respectively. These survival
rates are low in comparison with mechanical Bentall
operation presented in other series [61, 62]; the explana-
tion may be that our patients are older (average age, 67.1
years) than those in the mechanical Bentall series. How-
ever, 5-year survival was reported in few studies, and
more long-term data are required.

Freedom from thromboembolic events at 1, 2, 3, and 5
years was 97%, 97%, 95%, and 94%, respectively. This is
lower than reported in most studies involving mechanical
aortic valve replacement [63, 64], probably owing to the
fact that the patients receive anticoagulation therapy for a
limited postoperative period.

Freedom from reoperation at 1, 2, 3, and 5 years was
96%, 94%, 93%, and 90%, respectively. The increased risk
of reoperation with a biological Bentall procedure must
be weighed against the life-long risk of anticoagulant-
related bleeding with a mechanical Bentall procedure.
Reoperations in general can be performed with accept-
able mortality and good mid- and long-term outcomes, in
particular when carried out on an elective basis [65].

Freedom from endocarditis at 1, 2, 3, and 5 years was
99%, 98%, 96%, and 94%, respectively.

Altogether, these excellent results encourage the
implant of biological valved conduits.

Limitations
The present findings are limited by several constraints.
First, all the series (except one) were retrospective
observational studies, and significant variations in several
critical surgical variables (such as preoperative charac-
teristics, indication for surgery, methods of coronary ar-
tery reimplantation, associated surgical procedure such
as arch surgery) have lessened the general applicability of
the results. Second, outcomes were unable to be stratified
according to underlying diseases, especially when it re-
lates to the difference between acute disease (such as
aortic dissection) and chronic (such as degenerative
aneurysm). Third, several kinds of prostheses have been
used, each with different characteristics and different
postoperative management, especially with regard to oral
anticoagulant therapy. Finally, statistical aggregation of
long-term survival data were conducted under the
assumption that censorship was constant, and only a
selected portion of studies presented such survival data.

Conclusions
The execution of biological root replacement in-
terventions is expanding, likely as a result of the
increasing incidence of aortic valve diseases in the aging
population and mounting evidence of improved long-
term durability of the newer valve models. Although
data on short-term results suggest favorable outcomes,
the shortage of long-term follow-up beyond 5 years
highlights the urgent need for further investigations with
longer follow-up.

References

1. Bentall H, De Bono A. A technique for complete replacement
of the ascending aorta. Thorax 1968;23:338–9.

2. Centre for Reviews and Dissemination, University of York.
Undertaking systematic reviews of research on effectiveness:
CRD’s guidance for those carrying out or commissioning
reviews. Research Report. CRD Report (4 (2nd ed)). York,
UK: NHS Centre for Reviews and Dissemination; 2001.

3. DerSimonian R, Laird N. Meta-analysis in clinical trials.
Control Clin Trials 1986;7:177–88.

4. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and
variance from the median, range, and the size of a sample.
BMC Med Res Methodol 2005;5:13.

5. Guyot P, Ades AE, Ouwens MJ, Welton NJ. Enhanced sec-
ondary analysis of survival data: reconstructing the data from
published Kaplan-Meier survival curves. BMC Med Res
Methodol 2012;12:9.

6. Egger M, Davey Smith G, Schneider M, Minder C. Bias in
meta-analysis detected by a simple, graphical test. BMJ
1997;315:629–34.

7. Begg CB, Mazumdar M. Operating characteristics of a rank
correlation test for publication bias. Biometrics 1994;50:
1088–101.

8. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group.
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. BMJ 2009;339:b2535.

9. Moorjani N, Modi A, Mattam K, et al. Aortic root replace-
ment using a biovalsalva prosthesis in comparison to a
“handsewn” composite bioprosthesis. J Card Surg 2010;25:
321–6.

10. Doty DB, Cafferty A, Kon ND, Huysmans HA, Krause AH Jr,
Westaby S. Medtronic Freestyle aortic root bioprosthesis:
implant techniques. J Card Surg 1998;13:369–75.

351Ann Thorac Surg REVIEW CASTROVINCI ET AL
2015;100:337–53 BIOLOGICAL ROOT REPLACEMENT

R
EV

IEW



11. Wendler O, Dzindzibadze V, Langer F, El Dsoki S,
Sch€afers HJ. Aortic valve replacement with a stentless bio-
prosthesis using the full-root technique. Thorac Cardiovasc
Surg 2001;49:361–4.

12. Ehrlich MP, Ergin MA, McCullough JN, et al. Favorable
outcome after composite valve-graft replacement in patients
older than 65 years. Ann Thorac Surg 2001;71:1454–9.

13. Kon ND, Riley RD, Adair SM, Kitzman DW, Cordell AR.
Eight-year results of aortic root replacement with the free-
style stentless porcine aortic root bioprosthesis. Ann Thorac
Surg 2002;73:1817–21.

14. M€uller LC, Chevtchik O, Bonatti JO, M€uller S, Fille M,
Laufer G. Treatment of destructive aortic valve endocarditis
with the Freestyle Aortic Root Bioprosthesis. Ann Thorac
Surg 2003;75:453–6.

15. Carrel TP, Berdat P, Englberger L, et al. Aortic root
replacement with a new stentless aortic valve xenograft
conduit: preliminary hemodynamic and clinical results.
J Heart Valve Dis 2003;12:752–7.

16. Melina G, De Robertis F, Gaer JA, Amrani M, Khaghani A,
Yacoub MH. Mid-term pattern of survival, hemodynamic
performance and rate of complications after medtronic
freestyle versus homograft full aortic root replacement: re-
sults from a prospective randomized trial. J Heart Valve Dis
2004;13:972–5.

17. Kunihara T, Schmidt K, Glombitza P, Dzindzibadze V,
Lausberg H, Sch€afers HJ. Root replacement using stentless
valves in the small aortic root: a propensity score analysis.
Ann Thorac Surg 2006;82:1379–84.

18. Etz CD, Homann TM, RaneN, et al. Aortic root reconstruction
with a bioprosthetic valved conduit: a consecutive series of 275
procedures. J Thorac Cardiovasc Surg 2007;133:1455–63.

19. Di Bartolomeo R, Botta L, Leone A, et al. Bio-Valsalva pros-
thesis: ‘new’ conduit for ‘old’ patients. Interact Cardiovasc
Thorac Surg 2008;7:1062–6.

20. Bochenek-Klimczyk K, Lau KK, Gali~nanes M,
Sosnowski AW. Preassembled stentless valved-conduit for
the replacement of the ascending aorta and aortic root.
Interact Cardiovasc Thorac Surg 2008;7:964–8.

21. Dapunt OE, Easo J, H€olzl PP, et al. Stentless full root bio-
prosthesis in surgery for complex aortic valve-ascending
aortic disease: a single center experience of over 300 pa-
tients. Eur J Cardiothorac Surg 2008;33:554–9.

22. LeMaire SA, Green SY, Sharma K, et al. Aortic root
replacement with stentless porcine xenografts: early and late
outcomes in 132 patients. Ann Thorac Surg 2009;87:503–12.

23. Tabata M, Takayama H, Bowdish ME, Smith CR, Stewart AS.
Modified Bentall operation with bioprosthetic valved
conduit: Columbia University experience. Ann Thorac Surg
2009;87:1969–70.

24. Lehmann S, Walther T, Leontyev S, et al. The Toronto Root
bioprosthesis: midterm results in 186 patients. Ann Thorac
Surg 2009;87:1751–6.

25. Urbanski PP, Heinz N, Zhan X, Hijazi H, Zacher M,
Diegeler A. Modified bio-Bentall procedure: 10-year experi-
ence. Eur J Cardiothorac Surg 2010;37:1317–21.

26. Stewart AS, Takayama H, Smith CR. Modified Bentall
operation with a novel biologic valved conduit. Ann Thorac
Surg 2010;89:938–41.

27. Etz CD, Bischoff MS, Bodian C, et al. The Bentall procedure:
is it the gold standard? A series of 597 consecutive cases.
J Thorac Cardiovasc Surg 2010;140(Suppl):S64–70.

28. Baraki H, Al Ahmad A, Sarikouch S, et al. The first fifty
consecutive Bentall operations with a prefabricated tissue-
valved aortic conduit: a single-center experience. J Heart
Valve Dis 2010;19:286–91.

29. Desai ND, McCarthy F, Moser W, et al. Durability of porcine
bioroots in younger patients with aortic root pathology: a
propensity-matched comparison with composite mechanical
roots. Ann Thorac Surg 2011;92:2054–60.

30. Gali~nanes M, Meduoye A, Ferreira I, Sosnowski A. Totally
biological composite aortic stentless valved conduit for aortic

root replacement: 10-year experience. J Cardiothorac Surg
2011;6:86.

31. Kaya A, Heijmen RH, Kelder JC, Schepens MA,
Morshuis WJ. Stentless biological valved conduit for aortic
root replacement: initial experience with the Shelhigh Bio-
Conduit model NR-2000C. J Thorac Cardiovasc Surg
2011;141:1157–62.

32. Ennker IC, Albert A, Dalladaku F, Rosendahl U, Ennker J,
Florath I. Midterm outcome after aortic root replacement
with stentless porcine bioprostheses. Eur J Cardiothorac Surg
2011;40:429–34.

33. Mazzola A, Di Mauro M, Pellone F, et al. Freestyle aortic root
bioprosthesis is a suitable alternative for aortic root
replacement in elderly patients: a propensity score study.
Ann Thorac Surg 2012;94:1185–90.

34. Kaya A, Heijmen RH, Kelder JC, Morshuis WJ. First 102
patients with the BioValsalva conduit for aortic root
replacement. Ann Thorac Surg 2012;94:72–7.

35. Gatti G, Dell’Angela L, Pinamonti B, et al. Aortic root
replacement with a stented bioprosthetic valved conduit:
mid-term results. J Heart Valve Dis 2013;22:500–8.

36. Smith CR, Stamou SC, Hooker RL, et al. Stentless root bio-
prosthesis for repair of acute type A aortic dissection.
J Thorac Cardiovasc Surg 2013;145:1540–4.

37. Brown JM, O’Brien SM, Wu C, Sikora JA, Griffith BP,
Gammie JS. Isolated aortic valve replacement in North
America comprising 108, 687 patients in 10 years: changes in
risks, valve types, and outcomes in the Society of Thoracic
Surgeons National Database. J Thorac Cardiovasc Surg
2009;137:82–90.

38. Vahanian A, Alfieri O, Andreotti F, et al, ESC Committee for
Practice Guidelines (CPG); Joint Task Force on the Man-
agement of Valvular Heart Disease of the European Society
of Cardiology (ESC); European Association for Cardio-
Thoracic Surgery (EACTS). Guidelines on the management
of valvular heart disease (version 2012): the Joint Task Force
on the Management of Valvular Heart Disease of the Euro-
pean Society of Cardiology (ESC) and the European Associ-
ation for Cardio-Thoracic Surgery (EACTS). Eur J
Cardiothorac Surg 2012;42:S1–44.

39. McClure RS, Narayanasamy N, Wiegerinck E, et al. Late
outcomes for aortic valve replacement with the Carpentier-
Edwards pericardial bioprosthesis: up to 17-year follow-up
in 1,000 patients. Ann Thorac Surg 2010;89:1410–6.

40. Slaughter MS, Jweied E. Managing mechanical valves with
reduced anticoagulation. Expert Rev Cardiovasc Ther 2007;5:
1073–85.

41. Thomas M, Schymik G, Walther T, et al. One-year outcomes
of cohort 1 in the Edwards SAPIEN Aortic Bioprosthesis
European Outcome (SOURCE) registry: the European reg-
istry of transcatheter aortic valve implantation using the
Edwards SAPIEN valve. Circulation 2011;124:425–33.

42. Nishimura RA, Otto CM, Bonow RO, et al, American College
of Cardiology; American College of Cardiology/American
Heart Association; American Heart Association. 2014 AHA/
ACC guideline for the management of patients with valvular
heart disease: a report of the American College of Cardiol-
ogy/American Heart Association Task Force on Practice
Guidelines. J Thorac Cardiovasc Surg 2014;148:e1–132.

43. Oka T, Okita Y, Matsumori M, et al. Aortic regurgitation after
valve-sparing aortic root replacement: modes of failure. Ann
Thorac Surg 2011;92:1639–44.

44. Pacini D, Ranocchi F, Angeli E, et al. Aortic root replacement
with composite valve graft. Ann Thorac Surg 2003;76:90–8.

45. Prifti E, Bonacchi M, Frati G, et al. Early and long-term
outcome in patients undergoing aortic root replacement
with composite graft according to the Bentall’s technique.
Eur J Cardiothorac Surg 2002;21:15–21.

46. Kindo M, Billaud P, Gerelli S, Levy F, Mazzucotelli JP,
Eisenmann B. Twenty-seven-year experience with composite
valve graft replacement of the aortic root. J Heart Valve Dis
2007;16:370–7.

352 REVIEW CASTROVINCI ET AL Ann Thorac Surg
BIOLOGICAL ROOT REPLACEMENT 2015;100:337–53

R
EV

IE
W



47. Elefteriades JA. What operation for acute type A dissection?
J Thorac Cardiovasc Surg 2002;123:201–3.

48. Di Eusanio M, Trimarchi S, Peterson MD, et al. Root
replacement surgery versus more conservative management
during type A acute aortic dissection repair. Ann Thorac
Surg 2014;98:2078–84.

49. David TE, Pollick C, Bos J. Aortic valve replacement with
stentless porcine aortic bioprosthesis. J Thorac Cardiovasc
Surg 1990;99:113–8.

50. Westaby S, Huysmans HA, David TE. Stentless aortic bio-
prostheses: compelling data from the Second International
Symposium. Ann Thorac Surg 1998;65:235–40.

51. Marianeschi SM, Iacona GM, Seddio F, et al. Shelhigh No-
React porcine pulmonic valve conduit: a new alternative to
the homograft. Ann Thorac Surg 2001;71:619–23.

52. Lau KK, Bochenek-Klimczyk K, Gali~nanes M,
Sosnowski AW. Replacement of the ascending aorta, aortic
root, and valve with a novel stentless valved conduit. Ann
Thorac Surg 2008;86:278–81.

53. Urbanski PP, Diegeler A, Siebel A, Zacher M, Hacker RW.
Valved stentless composite graft: clinical outcomes and he-
modynamic characteristics. Ann Thorac Surg 2003;75:467–71.

54. Flynn M, Iaccovoni A, Pathi V, Butler J, Macarthur KJ,
Berg GA. The aortic Elan stentless aortic valve: excellent
hemodynamics and ease of implantation. Semin Thorac
Cardiovasc Surg 2001;13(Suppl 1):48–54.

55. Musci M, Siniawski H, Knosalla C, et al. Early and mid-term
results of the Shelhigh stentless bioprosthesis in patients
with active infective endocarditis. Clin Res Cardiol 2006;95:
247–53.

56. Carrel TP, Schoenhoff FS, Schmidli J, Stalder M, Eckstein FS,
Englberger L. Deleterious outcome of No-React-treated
stentless valved conduits after aortic root replacement: why
were warnings ignored? J Thorac Cardiovasc Surg 2008;136:
52–7.

57. Kouchoukos NT, Karp RB, Blackstone EH, Kirklin JW,
Pacifico AD, Zorn GL. Replacement of the ascending aorta
and aortic valve with a composite graft. Results in 86 patients.
Ann Surg 1980;192:403–13.

58. Svensson LG, Crawford ES, Hess KR, Coselli JS, Safi HJ.
Dissection of the aorta and dissecting aortic aneurysms.
Improving early and long-term surgical results. Circulation
1990;82(5 Suppl):IV24–38.

59. Cabrol C, Pavie A, Gandjbakhch I, et al. Complete replace-
ment of the ascending aorta with reimplantation of the cor-
onary arteries: new surgical approach. J Thorac Cardiovasc
Surg 1981;81:309–15.

60. Raudkivi PJ, Williams JD, Monro JL, Ross JK. Surgical
treatment of the ascending aorta. Fourteen years’ experience
with 83 patients. J Thorac Cardiovasc Surg 1989;98(5 Pt 1):
675–82.

61. van Putte BP, Ozturk S, Siddiqi S, Schepens MA,
Heijmen RH, Morshuis WJ. Early and late outcome after
aortic root replacement with a mechanical valve pros-
thesis in a series of 528 patients. Ann Thorac Surg
2012;93:503–9.

62. Byrne JG, Gudbjartsson T, Karavas AN, et al. Biological vs.
mechanical aortic root replacement. Eur J Cardiothorac Surg
2003;23:305–10.

63. Peterseim DS, Cen YY, Cheruvu S, et al. Long-term
outcome after biologic versus mechanical aortic valve
replacement in 841 patients. J Thorac Cardiovasc Surg
1999;117:890–7.

64. Myk"en PS, Caidahl K, Larsson P, Larsson S, Wallentin I,
Berggren HE. Mechanical versus biological valve prosthesis:
a ten-year comparison regarding function and quality of life.
Ann Thorac Surg 1995;60(2 Suppl):S447–52.

65. Di Bartolomeo R, Berretta P, Petridis FD, et al. Reoperative
surgery on the thoracic aorta. J Thorac Cardiovasc Surg
2013;145(3 Suppl):S78–84.

353Ann Thorac Surg REVIEW CASTROVINCI ET AL
2015;100:337–53 BIOLOGICAL ROOT REPLACEMENT

R
EV

IEW


