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ABSTRACT
Bentall and valve-sparing root replacement (VSRR) procedures are established treatments for aortic root disease. We present a
single-center retrospective analysis comparing outcomes of bioprosthetic Bentall (BB), mechanical Bentall (MB), and VSRR patients
from November 2007 to October 2016. Survival analysis was performed to evaluate the composite endpoint of freedom from
recurrent aortic insufficiency, reoperation, or death. Of the 170 patients, BB was performed in 36 patients, MB in 63 patients, and
VSRR in 71 patients. For BB, MB, and VSRR, the mean age was 63.8, 45.5, and 49.2 years (P< 0.001), respectively.
Additionally, significantly more patients in the MB group (n ¼ 32, 50.8%, P< 0.001) than in the BB and VSRR groups had prior
cardiac surgeries. Cardiopulmonary bypass time and cross-clamp time were significantly longer in the VSRR group (P ¼ 0.04
and 0.0005, respectively). Despite the complexity of the procedure, VSRR patients had higher combined freedom from death and
reoperation than patients in the BB or MB groups. Elective Bentall root replacement is an excellent option for patients with root
disease. Patients undergoing Bentall tend to have more severe or emergent cases, making them unlikely candidates for VSRR.
VSRR in experienced centers carries equivalent morbidity and mortality and improved survival.
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T
he Bentall procedure has been considered the stand-
ard surgical technique for pathology of the sinuses
of Valsalva and the aortic valve.1 Two valve types
are used for replacement of the pathologic valve:

mechanical and bioprosthetic. The need for lifelong anticoa-
gulation and the risks of structural valve deterioration and
need for reoperation associated with bioprosthetic valves are
major drawbacks of the Bentall procedure. Valve-sparing
root replacement (VSRR) has emerged as a viable alternative
to Bentall procedures for patients with aortic root aneurysms
and favorable aortic cusp morphology.2,3 VSRR is more
technically demanding and has a higher risk of aortic insuffi-
ciency (AI) than Bentall procedures.4,5 The aim of this study
was to report the early and midterm outcomes of patients
undergoing mechanical or bioprosthetic Bentall procedures
or VSRR and determine if outcomes have improved.

METHODS
We reviewed data from November 2007 to October

2016 in 170 patients who underwent aortic root surgery at
Baylor Scott & White–The Heart Hospital in Plano, Texas.
The operative techniques were Bentall with bioprosthetic
valve (BB) in 21.2% (n ¼ 36), Bentall with mechanical valve
(MB) in 37% (n ¼ 63), and VSRR in 41.8% (n ¼ 71).

All patients underwent surgical procedures via median ster-
notomy. Cardiopulmonary bypass was performed using single
venous cannulation with mild hypothermia, unless mitral or
tricuspid procedures were also planned. For myocardial protec-
tion, retrograde cardioplegia via direct coronary sinus cannula-
tion and topical cooling with ice slush were used. Before
closure of the aortotomy, low pressure testing was conducted
on the left ventricular vent under direct vision and negative
pressure. The surgeon also pressurized the aortic graft and gave
pressurized cardioplegia to assess valve competence.
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Transesophageal echocardiogram off cardiopulmonary bypass
was the final test used to fully assess valvular function.

The selection between the two root replacement techni-
ques was generally based on the quality of the aortic valve
leaflets and the surgeon’s opinion of the clinical situation.
Generally, younger patients (<65 years) with normal aortic
leaflets and a dilated aortic root underwent VSRR. The
degree of preoperative AI was not a contributing factor in
selection of operative technique. Patients with emergent cases
and physiologic compromise, on the other hand, were less
likely to receive VSRR. In the elective setting, operative tech-
niques were discussed with the patient, and patient preferen-
ces were taken into consideration.

Survival analysis was performed to evaluate the composite
endpoint of freedom from recurrent AI, reoperation, and
death. Recurrence of AI postprocedure was defined as at least
moderate AI. Follow-up mortality data were obtained from
direct phone communication, electronic medical records, or
query of the Social Security Death Index.

Categorical variables are presented as proportions, and con-
tinuous variables are presented as mean ± standard deviation or
median with interquartile ranges. Comparisons were conducted
using chi square or Fisher exact test for proportions and
Student t test or Wilcoxon rank-sum test for continuous varia-
bles as applicable. P values < 0.05 were considered significant.
Survival was estimated by Kaplan–Meier analysis with the log
rank test for significance. The analyses were done using
STATA 14.2. The Baylor Scott & White Health Research
Institute institutional review board approved this study.

RESULTS
A total of 170 patients underwent aortic root procedures

during the study period, with 36 patients undergoing BB, 63
undergoing MB, and 71 undergoing VSRR. Patients in the
MB group were younger than those in the other two groups.
The prevalence of Marfan syndrome was higher in the VSRR
group (12.9%) compared with the other two groups. A total
of 10 (15.9%) acute type A dissection patients underwent
MB procedures, and none underwent VSRR. Median aortic
root diameter was 51.5 mm (range, 31–90) in the VSRR
group (Table 1).

Table 1. Baseline characteristics of patients undergoing the
Bentall procedure vs valve-sparing aortic root replacementa

Variable

Bioprosthetic
Bentall
(n5 36)

Mechanical
Bentall
(n5 63)

VSRR
(n5 71) P value

Age (years) 63.8 ± 10.4 45.5 ± 12.4 49.2 ± 12.0 <0.001

Men 28 (78%) 49 (78%) 58 (82%) 0.83

BMI (kg/m2) 26.8 ± 4.1 30.3 ± 6.0 28.5 ± 4.7 0.005

Ejection fraction (%) 57.5 (45–67.5) 55 (15–62.5) 60 (40–75) 0.003

Bicuspid aortic valve 12 (33%) 22 (35%) 18 (25%) 0.44

Marfan syndrome 1 (3%) 1 (2%) 9 (13%) 0.02

Acute aortic
dissection

5 (14%) 10 (16%) 0 <0.001

Aortic insufficiency 0.22

None 3 (8%) 12 (19%) 12 (17%)

Trace/trivial 1 (3%) 2 (3%) 10 (14%)

Mild 4 (11%) 9 (14%) 12 (17%)

Moderate 10 (28%) 14 (22%) 14 (20%)

Severe 18 (50%) 26 (41%) 22 (32%)

Aortic stenosis 8 (22%) 12 (19%) 2 (3%) 0.001

Aortic root
diameter (mm)

50 (34–70) 45.8 (25–67) 51.5 (31–90) 0.03

Previous Ross 1 (3%) 9 (15%) 7 (10%) 0.18

Previous CABG 4 (11%) 4 (6%) 1 (1%) 0.07

Prior AV
repair/replacement

2 (6%) 17 (27%) 0 <0.001

AV indicates aortic valve; BMI, body mass index; CABG, coronary artery bypass
grafting; VSRR, valve-sparing root replacement.
aData are n (%), median (interquartile range), or mean (± 1 standard deviation).

Table 2. Operative details of patients undergoing the Bentall
procedure vs valve-sparing aortic root replacement�

Variable

Bioprosthetic
Bentall
(n5 36)

Mechanical
Bentall
(n5 63)

VSRR
(n5 71) P value

Status 0.007

Elective 30 (83%) 49 (78%) 68 (96%)

Emergent 3 (8%) 8 (13%) 0

Urgent 3 (8%) 6 (10%) 3 (4%)

Prior cardiac
surgery

4 (11%) 32 (51%) 11 (16%) <0.001

MV repair/replace 0 3 (5%) 0 0.11

Pulmonic valve
replacement

1 (3%) 2 (3%) 2 (3%) 1

CABG 4 (11%) 4 (6%) 1 (1%) 0.06

Aortic arch
replacement

0.2

Hemiarch
replacement

9 (25%) 17 (27%) 9 (13%)

Total arch
replacement

1 (3%) 3 (5%) 2 (3%)

CPB (min) 178
(102–403)

175
(106–390)

201
(68–323)

0.04

Cross-clamp
time (min)

137
(82–255)

147.5
(81–354)

179
(55–271)

0.0005

CABG indicates coronary artery bypass grafting; CPB, cardiopulmonary bypass; MV,
mitral valve; VSRR, valve-sparing root replacement.
�Data are n (%) or median (interquartile range).
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Table 2 reviews operative data. Most procedures were
performed electively (BB 83.3%, MB 77.8%, VSRR 95.8%;
P ¼ 0.007). Half of the patients (50.8%) had prior cardiac
surgeries in the MB group, which was significantly higher
than in the BB and VSRR groups (P< 0.001).
Cardiopulmonary bypass time and cross-clamp time were
significantly longer in the VSRR group (P ¼ 0.04 and
0.0005, respectively).

Clinical outcomes were evaluated as a whole and then
specifically in the elective setting (Table 3). As a whole, both
BB and MB groups had more cases of new-onset dialysis,
permanent neurologic dysfunction, operative mortality (P ¼
0.04), pacemaker implantation, prolonged ventilator usage �
24 h (P ¼ 0.005), length of stay (P ¼ 0.0001), and re-
exploration for bleeding. In the elective setting, increased
length of stay (P ¼ 0.001) for the BB and MB cohorts was
the only significant difference. Kaplan–Meier analysis for all
three groups demonstrated a significant decrease in compos-
ite endpoint events in the VSRR group compared with the
BB (P ¼ 0.004) and MB (P ¼ 0.04) groups during the fol-
low-up period (Figure 1a). For those receiving elective opera-
tions, there was a trend for decreased composite endpoint
events for VSRR compared with MB (P ¼ 0.17) and a

significant decrease when compared with BB (P ¼ 0.01) dur-
ing the follow-up period (Figure 1b).

DISCUSSION
For patients with various aortic root pathologies, the

composite graft procedure presented by Bentall and DeBono
has been the gold standard.1 Given technological and surgi-
cal advancements over the past several decades, the procedure
is performed widely with low operative risk and good clinical
outcomes. Although the Bentall procedure has been success-
ful, associated factors including systemic thromboembolic
events, need for lifelong anticoagulation, endocarditis, and
gradual degeneration of bioprosthetic valves make it a less
desirable choice.6 This is particularly true for younger
patients who will presumably have a longer postoperative
lifespan. Valve-sparing aortic root procedures, originally
introduced by David and Fiendel2 and Sarsan and Yacoub,3

are a viable alternative to the traditional Bentall procedure
and have increased in use over the last few decades for
patients with near-normal cusp structure.7,8 By maintaining
the native valve, VSRR reduces the associated morbidities of
the classic Bentall procedure, which has led to its increased
adoption, particularly with younger patients.6,9

In our study, we evaluated 170 patients: 36 BB, 63 MB,
and 71 VSRR. More patients undergoing VSRR had Marfan
syndrome (12.9%) compared with the Bentall procedures
(MB ¼ 1.6%, BB 2.8%). Patients with acute aortic dissec-
tion exclusively underwent the Bentall procedures: 13.9%

Table 3. Clinical outcomes of patients undergoing the Bentall
procedure vs valve-sparing aortic root replacement�

Variable
Bioprosthetic

Bentall
Mechanical
Bentall VSRR P value

All patients 36 63 71

Reexploration for bleeding 2 (6%) 6 (10%) 1 (1%) 0.09

Prolonged ventilator >24 h 2 (6%) 10 (16%) 1 (1%) 0.005

New dialysis required 1 (3%) 3 (5%) 0 0.16

Permanent neurologic
dysfunction

0 1 (2%) 0 0.58

Pacemaker implantation 1 (3%) 5 (8%) 3 (5%) 0.56

Length of stay (days) 6 (0–17) 6 (2–42) 5 (3–35) 0.0001

Operative mortality 3 (8%) 2 (3%) 0 0.04

Elective only 30 49 68

Re-exploration for bleeding 2 (7%) 2 (4%) 1 (2%) 0.29

Prolonged ventilator >24 h 2 (7%) 4 (8%) 1 (2%) 0.19

New dialysis required 1 (3%) 2 (4%) 0 0.21

Permanent neurologic
dysfunction

0 1 (2%) 0 0.54

Pacemaker implantation 1 (4%) 4 (9%) 3 (5%) 0.63

Length of stay (days) 6 (4–17) 6 (4–42) 5 (3–35) 0.001

Operative mortality 1 (3%) 1 (2%) 0 0.29

VSRR indicates valve-sparing root replacement.
�Data are n (%) or median (interquartile range).

Figure 1. Kaplan–Meier freedom from composite endpoint for (a) all patients
and (b) elective patients only. Composite endpoint included recurrent aortic
insufficiency, reoperation, and mortality.
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BB (n ¼ 5) and 15.9% MB (n ¼ 10) (Table 1). Operative
mortality for all patients was also higher in the BB (8.3%)
and MB (3.2%) cohorts compared with the VSRR (0%)
cohort (Table 3). Our Bentall cohorts had more cases of
new-onset dialysis, permanent neurologic dysfunction, pace-
maker implantation, prolonged ventilator usage � 24 h (P ¼
0.005), and re-exploration for bleeding (Table 3). Few of
these differences reached statistical significance, so they likely
reflect the presentation and overall physiologic state of
patients selected for the procedure, which had a negative
effect on perioperative outcomes. Patients in the Bentall
cohorts had higher age and higher body mass index
(Table 1). These patients also had higher percentages of prior
cardiac surgery and acute cases (Table 2). VSRR is contrain-
dicated in patients with aortic stenosis, and thus patients
with that condition had to undergo one of the Bentall proce-
dures. Conversely, the longer cross-clamp time and cardio-
pulmonary bypass time observed in the VSRR cohort can
pose problems for low-volume centers or patients with mul-
tiple comorbidities and is likely due to the increased surgical
difficulty and technical complexity of the procedure.5,9 With
the understanding of the observed differences in patient char-
acteristics between the three cohorts, as well as the nature of
the VSRR procedure, the VSRR cohort still outperformed
the other cohorts in our composite outcome measure.

Several studies have shown either similar or slightly
improved clinical outcomes when comparing VSRR with
Bentall. Ouzounian et al analyzed 616 patients who under-
went aortic root procedures over a 20-year period, with 251
cases of VSRR, 180 BB, and 183 MB.10 They found that
BB and MB cohorts experienced more long-term major
adverse valve-related events (hazard ratio [HR] 3.4, P ¼
0.005; HR 5.2, P< 0.001, respectively) and increased car-
diac mortality (HR 7.0, P ¼ 0.001; HR 6.4, P ¼ 0.003,
respectively) when compared with the VSRR cohort. They
also noted that patients undergoing VSRR (43.9%) had
higher rates of Marfan syndrome when compared to BB
(5.6%) and MB (10.4%) cohorts.10 Although more patients
with Marfan syndrome in our study underwent VSRR
(12.9%, P ¼ 0.02) compared with both BB and MB, clinical
outcomes were relatively similar across operative techniques.

Many surgeons have also shown durable aortic valve
function in patients undergoing VSRR for aortic root path-
ology;11–16 however, there are still concerns about postopera-
tive valvular function since limited long-term outcome data
with large cohorts are available in the literature.5,17,18 Lim
et al analyzed 120 patients from 1999 to 2009 with moder-
ate to severe preoperative AI, comparing VSRR (n ¼ 48) to
Bentall (n ¼ 72).19 They showed no operative mortality in
the VSRR cohort, but 7 VSRR patients (14.6%) had to
undergo reoperation for recurrent AI, and a significant num-
ber of other patients had AI � grade 3 on echocardiography
(P ¼ 0.001). As a whole, the results at our hospital are com-
parable to those in the literature and support the idea that
the benefits of VSRR outweigh the associated surgical risks.

Additionally, the results present the characteristics of patients
who were selected for each type of procedure.

Our study was a retrospective, nonrandomized, single-
center study, and has all the limitations associated with this
design. Given the limited sample size, we also were not able
to perform a propensity-matched comparison while main-
taining statistical power in our analyses; however, we
attempted to minimize differences between cohorts and their
length of follow-up. The VSRR cohort was not segmented
into reimplantation and remodeling groups, although most
procedures were reimplantation. Lower frequencies in the
composite outcome measure for the BB and MB cohorts
could be attributed to the preferential use of the Bentall pro-
cedure in high-risk patients or acute cases.20 VSRR is a suit-
able treatment method in patients with aortic root dilation,
with or without AI, surpassing all other operative techniques
using our composite outcome measure. These results came in
spite of the high technical difficulty and longer operation
time. However, BB presents a viable alternative for patients
in the elective setting with similar clinical outcomes. VSRR
is ideal in subsets of patients where the associated factors of
the Bentall procedure, including lifelong anticoagulants and
thromboembolic events, are undesirable.
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