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ABSTRACT

Objectives. To determine the mortality and postoperative complications of patients undergoing Bentall-DeBono surgery
atthe Cardiovascular Surgery Service of the National Cardiovascular Institute, EsSalud, Lima, Peru, between 2019 and 2024.
Materials and methods. This was a single-center, retrospective, descriptive, case series observational study of patients
undergoing composite valve-conduit replacement (Bentall-De Bono procedure) for aortic root pathology between
January 2019 and December 2024. The primary objective was to determine all-cause mortality and major complications.
Results. Sixty-three patients underwent Bentall-De Bono surgery. The median age was 58 years (IQR: 40-71), and 19%
of patients had Marfan syndrome. The 30-day mortality rate was 7.9% (5 patients). The main complications were: stroke
(6.3%), perioperative myocardial infarction (4.8%), permanent pacemaker implantation (11%), and excessive postoperative
bleeding (6.3%). The median length of hospital stay was 17 days, and the median length of stay in the ICU was 4 days. In a
median follow-up of 745 days (403-1060), the mortality rate was 14%, the stroke rate was 7.9%, the myocardial infarction
rate was 4.8%, and the definitive pacemaker implantation rate was 14%. Conclusions: Our results for the Bentall-De Bono
procedure are acceptable and comparable to those reported in the international literature.

Keywords: Cardiac Surgery; Aortic Root Replacement; Mortality; Peru (Source: MeSH-NLM).

RESUMEN

Resultados posoperatorios de la cirugia de Bentall en un
centro de referencia nacional del Peru

Objetivos. Determinar la mortalidad y las complicaciones posoperatorias de pacientes sometidos a cirugia de
Bentall-De Bono en el Servicio de Cirugia Cardiovascular del Instituto Nacional Cardiovascular-EsSalud, Lima, Peru,
en los anos 2019-2024. Materiales y métodos. Estudio observacional, retrospectivo, descriptivo, de tipo serie de
casos; unicéntrico, de pacientes sometidos a reemplazo compuesto valvular-tubo (procedimiento de Bentall-De
Bono) por patologia de la raiz adrtica entre enero de 2019 y diciembre de 2024. El objetivo principal fue determinar
la mortalidad por todas las causas y las complicaciones mayores. Resultados. Sesenta y tres pacientes fueron
sometidos a cirugia de Bentall-De Bono; la mediana de edad fue de 58 afios (RIC: 40-71); el 19% de los pacientes
tenia enfermedad de Marfan. La mortalidad a 30 dias fue de 7,9% (5 pacientes) y las principales complicaciones
fueron: accidente cerebrovascular (ACV) 6,3%, infarto de miocardio perioperatorio 4,8%, marcapasos definitivo 11%
y sangrado excesivo posoperatorio 6,3%. La mediana de hospitalizacién fue de 17 dias y la estancia en UCI fue de 4
dias. En una mediana de seguimiento de 745 dias (403-1060), la mortalidad fue de 9/63 pacientes (14,3%), el ACV fue
de 7,9%, el infarto de miocardio fue de 4,8% y la necesidad de marcapasos definitivo fue de 14,3%. Conclusiones.
Nuestros resultados de la cirugia de Bentall-De Bono son aceptables y comparables con la literatura internacional.

Palabras clave: Cirugia Cardiaca; Reemplazo de la Raiz Adrtica; Mortalidad; Peru (Fuente: DeCS-BIREME).
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Introduction

Aortic root aneurysms (ARA) are associated with high mortality
owing to the risk of rupture. ARA are often accompanied
by aortic valve involvement, which can cause severe aortic
regurgitation . Surgery is the treatment of choice for ARA,
with aortic root replacement being the conventional surgical
approach. The decision to operate is based on aneurysm
diameter and the risk of complications, such as Stanford type
A aortic dissection, which increases with aneurysm size @.

The Bentall procedure is a surgical technique used to
treat aortic root disease and aortic valve dysfunction. First
described by Bentall and De Bono in 1968, it was initially used
to treat aneurysms ©. Over time, the procedure underwent
several modifications to reduce the risk of major bleeding and
postoperative aneurysm formation. It involves replacing the
aortic root with a Dacron conduit incorporating a prosthetic
aortic valve and reimplanting both coronary buttons. It is
considered a procedure of choice in critically ill patients
because it can be performed more rapidly ®. Compared with
earlier surgical techniques, the Bentall procedure improves life
expectancy in patients with aortic root disease ©.

Valve-sparing procedures are generally the preferred
approach; however, the Bentall procedure remains applicable
because it does not require favourable valve morphology.
Despite being well established, the procedure is still
associated with substantial perioperative mortality, with rates
of 4-5%, more bleeding than conventional cardiac surgery,
and postoperative complications ©.

In Peru, follow-up data are unavailable for patients
undergoing this procedure with either mechanical or
bioprosthetic valves. We aimed to assess immediate
complications, mortality, and short-term outcomes of the
modified Bentall procedure at our centre over the past five
years. This study is essential for assessing the benefits of this
technique relative to more contemporary approaches, such as
native valve-sparing procedures.

Materials and methods

Study population

We conducted a retrospective descriptive study of consecutive
patients who underwent composite valve-graft replacement
(the Bentall-De Bono procedure) for aortic root disease
between January 2019 and December 2024 at the Instituto
Nacional Cardiovascular, a referral centre within Peru’s social
security health system (EsSalud), in Lima, Peru. All patients
older than 18 years and younger than 80 years were included.
We excluded patients who underwent aortic root surgery
other than the Bentall procedure, such as the David procedure
or other valve-sparing techniques; patients whose procedures
were incomplete or converted and did not involve composite

valve-graft replacement; and patients with incomplete
medical records that precluded ascertainment of key study
variables, including mortality, postoperative complications,
cardiopulmonary bypass time, aortic cross-clamp time, or
follow-up.

Surgical technique

All procedures were performed under cardioplegic arrest using
HTK Custodiol® (histidine-tryptophan-ketoglutarate solution),
with intraoperative transoesophageal echocardiography, mild-
to-moderate hypothermia (32°C), and standard monitoring for
cardiac surgery.

Median sternotomy was used in all cases. For the Bentall
procedure, a Carbo-Seal Valsalva conduit (Corcym) was used
for mechanical valve replacement, whereas Crown (LivaNova)
or Avalus (Medtronic) bioprosthetic valves were used for
biological valve replacement. For bioprosthetic procedures,
the composite conduit was assembled manually by suturing a
bioprosthetic valve to a Dacron graft (Figure 1).

Assessment periods

Three assessment periods were defined: baseline (t0), from
hospital admission until immediately before surgery; the
perioperative period (t1), comprising the first 30 postoperative
days; and extended follow-up (t2), continuing until the last
recorded healthcare encounter within EsSalud.

Patients were followed up through a review of electronic
medical records within the EsSalud system. At our hospital, a
national referral centre, patients remain under follow-up for a
maximum of six months after surgery before returning to their
referring centres. Electronic records nevertheless enabled
continued assessment of their subsequent clinical course.

Figure 1. A) Mechanical valved conduit used for the
Bentall procedure. B) For the Bentall procedure with a
bioprosthetic valve, the aortic root is measured after ex-
cision of the aortic valve and root. In this case, the mea-
sured diameter was 28 mm; therefore, a 28 mm Dacron
graft was used. C) The bioprosthetic valve to be sutured
into the graft is then sized, typically with a diameter 3 mm
smaller than that of the graft. D) Bioprosthetic valve posi-
tioned within the graft. E) Fixation of the valve to the graft
using three 4-0 polypropylene sutures.
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Outcomes

The primary outcomes, assessed during t1 and t2, were:

«  All-cause mortality: death during the immediate
postoperative period or follow-up.

«  Major complications: i) stroke, defined as an ischaemic
or haemorrhagic neurological event confirmed by
computed tomography and resulting in motor, sensory,
or cognitive sequelae; ii) perioperative myocardial
infarction, defined according to the Fourth Universal
Definition of Myocardial Infarction; iii) permanent
pacemaker implantation; and iv) excessive postoperative
bleeding, defined according to Valve Academic Research
Consortium 3 (VARC-3) criteria for types 3 and 4. Type 3
includes bleeding associated with a substantial decrease
in haemoglobin concentration, requiring transfusion
or therapeutic intervention, whereas type 4 comprises
bleeding related to cardiac surgery that requires
reoperation or causes haemodynamic instability.

Secondary outcomes, assessed only during t1, included:
i) hospital and intensive care unit lengths of stay, measured in
days from the date of surgery; ii) mediastinitis, defined asa deep
infection requiring reoperation; and iii) echocardiographic
findings assessed by transthoracic echocardiography before
discharge.

Statistical analysis

The normality of continuous variables was assessed using
the Shapiro-Wilk test and visual inspection of histograms and
normal probability plots. Normally distributed variables were
summarised as means and standard deviations (SD), whereas
non-normally distributed variables were summarised as
medians and interquartile ranges (IQRs). Categorical variables
were summarised as frequencies and percentages for the
baseline, perioperative, and follow-up periods. Cumulative
incidence was estimated for mortality and complications
during the perioperative period and throughout follow-up.
Time-to-event outcomes, such as mortality, were analysed
using Kaplan-Meier curves. All analyses were performed using
R version 4.3.2 (R Foundation for Statistical Computing, Vienna,
Austria).

Ethical aspects

The study was approved by the Ethics Committee of the
Instituto Nacional Cardiovascular (INCOR-EsSalud). All data
were kept anonymous and analysed retrospectively using the
institute’s cardiac surgery registry. The study was conducted in
accordance with the principles of the Declaration of Helsinki.

Results

A total of 63 patients were assessed during the study period.
Preoperative risk factors are summarised in Table 1. There were

47 men and 16 women, with a median age of 58 years (IQR:
40-71). Hypertension was present in 47.6% of patients and
Marfan syndrome in 19.0%. At presentation, New York Heart
Association (NYHA) functional class Il was the most common
category, accounting for 50.8% of patients, and left ventricular
ejection fraction (LVEF) was preserved in 69.8%. The mean
ascending aortic diameter was 52 mm (IQR: 45-60.5).

Several patients underwent concomitant procedures: 11
(17.5%) underwent aortic arch surgery, 12 (19.0%) underwent
coronary artery bypass grafting, and nine (14.2%) underwent
mitral valve surgery. The mean aortic cross-clamp time was
169.2 min (SD: 46.2), and cardiopulmonary bypass time was
209 min (IQR: 184.5-248.5). Additional operative characteristics
are reported in Table 2.

Thirty-day mortality was 7.9% (Table 3). One patient died
in the operating theatre from refractory shock, three died

Table 1. Baseline characteristics of the study population
(n=63).

Variable n (%)
Age (years), median (IQR) 58 [40-71]
Male sex 47 (74.6%)
BMI

Underweight 4 (6.35%)

Normal weight 20 (31.75%)

Overweight 23 (36.5%)
Obesity 16 (25.4%)
Comorbidities
Hypertension 30 (47.6%)
Diabetes mellitus 5(7.9%)
Marfan syndrome 12 (19%)
Chronic kidney disease 6 (9.5%)
Stroke 3(4.8)
NYHA
| 16 (25.4%)
I 32 (50.8%)
11l 11 (17.5%)
v 4(6.3%)
Infective endocarditis 4(6.3%)
LVEF
=50% 44 (69.8%)
41-49% 10 (15.9%)
<40% 9(14.3%)
Bicuspid aortic valve 14 (22.2%)
Aortic annular diameter (mm), median (IQR) 28 (25.5-32)
Ascending aortic diameter (mm), median (IQR) 52 (45-60.5)

BMI: body mass index. NYHA: New York Heart Association. LVEF: left
ventricular ejection fraction. IQR: interquartile range.
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in the intensive care unit (ICU) from mixed cardiogenic and
hypovolaemic shock, and one died from distributive shock due
to infection. In the subgroup analysis, 30-day mortality was
higher among patients undergoing emergency surgery than
among those undergoing elective surgery (25.0% vs. 3.9%; p
= 0.044). Emergency surgery was associated with higher odds
of mortality (OR: 7.76, 95% Cl: 0.78-105.42), although the wide
confidence interval indicates limited precision owing to the
small number of events.

Regarding major complications, postoperative myocardial
infarction occurred in three patients (4.8%) and stroke in four
(6.3%). Seven patients (11.1%) required permanent pacemaker
implantation after surgery.

Regarding secondary outcomes, 11 patients (17.5%)
developed acute kidney injury, of whom four (6.3% of the total
cohort) required renal replacement therapy with dialysis. The
median total hospital stay was 17 days (IQR: 10-30), and the
median ICU stay was 4 days (IQR: 2.5-6). Postoperatively, 36
patients (56.7%) had an LVEF of > 50%, 13 (21.7%) had an LVEF
of 41-49%, and 13 (21.7%) had an LVEF of < 40%. Postoperative
bleeding occurred in four patients (6.3%). Other secondary
outcomes are reported in Table 3.

The median follow-up duration was 745 days (IQR: 403-
1060). No patients were lost to follow-up during the available

Table 2. Intraoperative characteristics (n = 63)

Variable n (%)
Emergency 12 (19%)
Graft size
26 mm 7 (11.1%)
28 mm 36 (57.1%)
30 mm 13 (20.6%)
32mm 7 (11.1%)

Cardiopulmonary bypass time (min),

median (IQR) 209 [184.5-248.5]

Aortic cross-clamp time (min), mean + SD 169.2 +46.2
Prosthetic valve type

Bioprosthetic 31 (49.2%)
Mechanical 32(50.8%)
Concomitant surgery

Aortic arch surgery 11 (17.5%)

Coronary artery bypass grafting 12 (19%)
Mitral valve repair 5(7.9%)
Mitral valve replacement 4 (6.3%)
Tricuspid valve repair 3(4.8%)

Intraoperative blood loss (mL), median (IQR) 800 [525-1200]

IQR: interquartile range. SD: standard deviation.

Table 3. Outcomes after the Bentall procedure

30-day outcomes (t1: immediate postoperative period)

Primary outcomes n (%)
Mortality 5 (7.9%)

Major complications

Stroke 4 (6.3%)
Postoperative myocardial infarction 3 (4.8%)
Permanent pacemaker implantation 7 (11.1%)
Excessive postoperative bleeding 4 (6.3%)
Secondary outcomes
ICU stay (days), median (IQR) 4 [2.5-6]
Acute kidney injury 11 (17.5%)
Dialysis 4 (6.3%)
Sepsis 3 (4.8%)
Shock 4 (6.3%)
LVEF
>50% 36 (56.7%)
41-49% 13 (21.7%)
<40% 13 (21.7%)

Hospital stay (days), median (IQR) 17 [10-30]

Follow-up outcomes (t2: median 745 days; IQR: 403-1060)

Primary outcomes n (%)
Mortality 9(14.3%)

Major complications

Stroke 5(7.9%)
Myocardial infarction 3 (4.8%)
Permanent pacemaker implantation 9 (14.3%)

LVEF: left ventricular ejection fraction. IQR: interquartile range. ICU:
intensive care unit.

observation period. At medium-term follow-up, cumulative
mortality had increased to 14.3%. The Kaplan-Meier survival
curve is shown in Figure 2.

The cumulative incidence of stroke was 7.9% (five
patients), and nine patients (14.3%) required permanent
pacemaker implantation (Table 3).

Discussion

In this series of patients undergoing the Bentall procedure at
a national referral centre, postoperative mortality was 7.9%,
stroke incidence was 6.3%, and postoperative myocardial
infarction incidence was 4.8% in a predominantly male
population. Concomitant procedures were frequent, increasing
the complexity of individual cases. The mean ICU stay was 4
days, suggesting an internationally acceptable recovery course
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Figure 2. Overall survival after the Bentall procedure estimated using the Kaplan-Meier

method.

given the complexity of aortic root surgery. Taken together,
these findings indicate favourable outcomes at our institution,
with mortality and complication rates comparable to those
reported in contemporary series from other specialist centres.

Patients undergoing the Bentall procedure in this study
had a median age of 58 years, were predominantly male, and
had a high prevalence of hypertension. This profile is consistent
with previous studies, in which the mean age ranged from 55
to 65 years and most patients were male ©7),

Regarding functional status, most patients were in NYHA
class I-l, suggesting that surgery was predominantly elective
and performed at an early stage of disease. Current guidelines
recommend prophylactic intervention at aortic diameters of >
55 mm in the general population and = 50 mm in patients with
risk factors or a bicuspid aortic valve, with lower thresholds
when aortic valve surgery is indicated ®°. The observed
median diameter of 52 mm falls within these thresholds,
indicating consistency with international recommendations.

Regarding ventricular function, 69.8% of patients had
preserved LVEF. Previous studies have shown that severe
ventricular dysfunction is associated with higher operative
mortality in aortic root surgery ©. The low proportion of
patients with severe dysfunction in this series might have
contributed to favourable perioperative outcomes.

A bicuspid aortic valve was present in 22.2% of patients,
a proportion comparable to reports in which it accounts
for 20-40% of indications for aortic root surgery %), In
this population, associated aortopathy increases the risk
of progressive dilatation and dissection, warranting close
surveillance and early intervention.

Infective endocarditis represents a subgroup with greater
technical complexity. Contemporary series show that patients

undergoing the Bentall procedure for active endocarditis
have a higher risk of complications and mortality, although
outcomes remain acceptable at specialist centres 12,

Emergency procedures accounted for 19.0% of operations.
In large registries, urgent or emergency surgery accounts for
15-30% of procedures for aortic root disease, particularly when
acute type A dissections are included. Published evidence
indicates that operative mortality can be two to three times
higher in emergency settings than in elective surgery ©.

The most commonly used graft size was 28 mm, followed
by 30 mm. This finding is consistent with the median aortic
diameter of 52 mm reported in our study. In published series,
the most frequently used graft sizes range from 26 to 30 mm,
depending on sex, body surface area, and aortic annular
diameter ¥, The predominance of 28 mm grafts suggests an
appropriate anatomical fit for the population studied.

The median cardiopulmonary bypass time of 209 min
and aortic cross-clamp time of 169.2 min were slightly longer
than those reported for the Bentall procedure, for which
cardiopulmonary bypass times generally range from 120 to
200 min and cross-clamp times from 100 to 150 min (12,14).
Prolonged cardiopulmonary bypass has been associated
with an increased risk of complications, including ventricular
dysfunction, renal impairment, and postoperative bleeding. In
our study, these times remained within acceptable ranges for
complex aortic root surgery, particularly given the frequency
of concomitant procedures.

The proportion of patients requiring concomitant
coronary artery bypass grafting (19.0%) was comparable to that
reported in other series, ranging from 15 to 25%, particularly in
populations with a substantial prevalence of coronary artery
disease %, Concomitant aortic arch surgery substantially
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increases surgical complexity and cardiopulmonary bypass
time. In this series, aortic arch surgery was performed in
the context of type A aortic dissection. Concomitant mitral
or tricuspid valve surgery suggests coexisting structural
disease or secondary dilatation, further increasing technical
complexity and operative duration.

Median intraoperative blood loss was 800 mL.
Published reports indicate that blood loss during aortic root
surgery commonly exceeds 500 mL after separation from
cardiopulmonary bypass . The aortic root is an anatomically
complex region with multiple suture lines at the annulus,
coronary buttons, and distal anastomosis, increasing the risk of
bleeding. Hospital stay was 17 days, within the range reported
in contemporary series of aortic root replacement, in which
hospital stays generally range from 10 to 20 days after elective
surgery and are prolonged by complications or concomitant
aortic arch surgery ©'9),

Acute kidney injury occurred in 17.5% of patients, and
6.3% required dialysis. In aortic root surgery, the reported
incidence of acute kidney injury ranges from 10% to 25%,
whereas renal replacement therapy is required in 3-8%
of patients @*. Prolonged cardiopulmonary bypass time,
emergency surgery, and concomitant procedures have been
identified as independent predictors of postoperative renal
dysfunction 7. Stroke incidence was 6.3%. In large Bentall
series, major neurological event rates range from 3 to 8%, with
higher rates when concomitant aortic arch surgery or acute
type A dissection is present 8. Given that 17.5% of patients
in our study required aortic arch intervention, the observed
incidence is consistent with the literature.

Postoperative myocardial infarction occurred in 4.8% of
patients. Contemporary series report perioperative myocardial
infarction rates of 3-7% after aortic root replacement,
particularly when coronary reimplantation is technically
demanding or concomitant coronary surgery is performed ©.
Postoperative bleeding occurred in 6.3% of patients. Reported
rates of re-exploration for bleeding after the Bentall procedure
range from 9 to 10% 8", The anatomical complexity of the
aortic root and the presence of multiple suture lines account
for the inherent bleeding risk associated with this procedure.

Thirty-day mortality was 7.9%. Contemporary mortality
rates after elective Bentall surgery at high-volume centres
range from 3 to 6%, whereas rates after urgent surgery or
surgery associated with dissection can reach 8-15%, and up
to 25% in patients with endocarditis ©'®, Given that 19.0% of
procedures were performed as emergencies and concomitant
surgery was frequent, the observed mortality was comparable

to international benchmarks. The Kaplan-Meier curve showed
that estimated survival remained high throughout follow-up,
with an initial decline during the first postoperative months,
consistent with the reported 30-day mortality, followed by a
prolonged period of stability. Survival at the end of follow-up
exceeded 80%, suggesting favourable medium-term outcomes
comparable to those reported in contemporary series of aortic
root replacement. Major complications remained infrequent
during follow-up, with stroke occurring in 1.59% of patients,
permanent pacemaker implantation required in 3.17%, and no
additional postoperative myocardial infarctions recorded ©'9),

Our study reports surgical outcomes comparable to those
of international referral centres specialising in aortic root
surgery. Despite the anatomical complexity and substantial
frequency of concomitant procedures, perioperative outcomes
remained within the ranges reported in the literature. The
predominantly elective nature of the procedures, generally
preserved ventricular function, and adherence to established
surgical thresholds probably contributed to favourable
outcomes.

However, this study has several limitations. Its descriptive
design precludes comparison with other surgical approaches
to aortic root disease, such as valve reimplantation. Data were
extracted from medical records, and their completeness and
accuracy cannot be guaranteed. Nevertheless, our institution
is a referral hospital where medical records are maintained
according to accredited quality standards. Follow-up duration
varied across patients. The small, single-centre sample limits
the generalisability of the findings, and the study is inherently
susceptible to selection bias. A major strength, however, is
that this might be the first published study in Peru to report
outcomes after the Bentall procedure.

In conclusion, the Bentall-De Bono procedure yielded
consistent  with international

perioperative outcomes

benchmarks, with mortality and complication rates
comparable to those reported in the contemporary literature.
Appropriate preoperative patient selection, systematic
intraoperative management, and surgical team experience are

key factors in optimising outcomes.
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