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Introduction

Primary aortic root or ascending aorta replacement 
currently represents low-risk operative procedure, 
especially when performed electively, and the long-term 
outcomes are very optimal (1,2). As the number of cardiac 
procedures accumulates and the patient population ages, 
it is not surprising that many patients will require redo 

operations on the aortic root or ascending aorta. However, 
reoperative root or ascending replacement after previous 
cardiac procedures is not only technically challenging, but 
also associated with increased mortality and morbidity when 
compared with primary root or ascending replacement (3).

Aortic valve replacement (AVR) is a very safe and 
reproducible procedure in the current era. But it is 
associated with some late complications, including prosthetic 
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valve dysfunction, prosthesis valve endocarditis (PVE), and 
paravalvular leak (PVL) (4-6). Patients who develop these 
complications and patients who develop proximal aortic 
dissection or aneurysm after AVR may require reoperative 
root or ascending replacement. However, the aortic annulus 
structure in patients with prior AVR is much different with 
normal aortic annulus. And AVR could change valvular 
hemodynamics and impact aortic wall stress distribution, 
which result in different root and ascending structure (7). 
The root and ascending structure could also be influenced 
by aortic incision during AVR. Therefore, we think that 
reoperative root or ascending replacement after prior 
AVR represents a distinctive and challenging subgroup. 
However, there are limited data regarding the clinical 
outcomes of this subgroup. With the accumulation of 
experiences in reoperative cardiac surgery, and increasing 
number of reoperative root or ascending replacement after 
prior AVR, it has become necessary to redefine the risk and 
outcomes of this cohort. The aim of the present study was 
to investigate the early and midterm outcomes of reoperative 
root or ascending replacement after prior AVR. We present the 
following article in accordance with the STROBE reporting 
checklist (available at http://dx.doi.org/10.21037/jtd-20-3081).

Methods

Patient population

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by the institutional review board of Fuwai Hospital. A 
waiver of informed consent was granted due to the design 
of the study. The Fuwai Aortic Surgery database was 
retrospectively reviewed from June 2013 to September 
2019. Patients who underwent reoperative aortic root or 
ascending aorta replacement after prior AVR were included 
in our study. And patients who had underwent prior 
open aortic surgery were excluded. Finally, we enrolled  
80 patients. We compared in-hospital and midterm follow-up 
data between 63 patients undergoing elective surgery (group 
1) and 17 patients undergoing emergent surgery (group 2). 
The emergent surgery was defined as surgery within 3 days 
from admission. The interval from admission to surgery was 
11.1±7.2 days in group 1 and 0.6±1.1 days in group 2 (P<0.001).

The mean age was 56.4±13.1 years, and 55 patients 
(68.8%) were male. The Euroscore was 7.0±1.2 in group 
1 and 11.9±0.9 in group 2 (P<0.001). Thirty-nine patients 
(48.8%) received prior AVR in our hospital, whereas 41 

patients (51.2%) in outside hospital. Fourteen patients 
(17.5%) received prior AVR with bioprosthesis, while the 
remaining 66 patients (82.5%) with mechanical prosthesis. 
Patients characteristics are outlined in Table 1.

Indications for reoperations

The indications for reoperations included root or ascending 
aortic aneurysm in 36 patients, root or ascending aortic 
dissection in 37, root false aneurysm in 2, PVE with root 
abscess in 2, Behçet’s disease (BD) with root destruction in 
3 patients (Figure 1). The mean interval between the prior 
AVR and the current reoperation were 8.3±5.7 years (range, 
4 months–24 years).

Prosthetic valve dysfunction is defined as moderate 
or severe prosthetic stenosis (mean aortic gradient  
≥20 mmHg), and/or moderate or severe prosthetic 
regurgitation. In this cohort, 22 patients presented with 
prosthetic valve dysfunction, including 6 with aortic 
dissection, 15 with aortic aneurysm, and 1 with root false 
aneurysm. And 13 patients presented with moderate or 
severe PVL, including 1 with aortic dissection, 6 with aortic 
aneurysm, 1 with root false aneurysm, 2 with PVE, and 3 
with BD. The details are listed in Table 1.

Operative strategy

Computed tomography (CT) was preoperatively performed 
in all patients to identify root or ascending pathologies. The 
CT scans of patients with different indications are shown 
in Figure 2. CT could also demonstrate the relationships 
between the posterior aspect of the sternum and the aorta, 
the heart, and bypass grafts. If the preoperative CT scan 
demonstrated minimal space between the posterior aspect 
of the sternum and the heart, the femoral artery and vein 
were exposed before sternotomy.

All patients underwent reoperation through a redo 
sternotomy. After the skin incision and removal of the 
sternal wires, the sternum was opened with the oscillating 
saw. The adhesions surrounding the aorta and the right 
atria were carefully dissected. If the left mammary artery 
was used for a previous coronary artery bypass grafting 
(CABG), the mammary artery was mobilized enough to 
place a padded bulldog clamp during the aortic-clamp 
period. Arterial cannulation was distributed in the following 
fashion: aortic, n=2; femoral, n=72; axillary, n=6. The right 
atrium or both venae cava were used for venous cannulation, 
then the cardiopulmonary bypass (CPB) was initiated.
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Table 1 Baseline characteristics by study groupa

Characteristics All patients (n=80) Group 1 (n=63) Group 2 (n=17) P value

Age (years) 56.4±13.1 56.6±13.5 56.0±12.4 0.872

Gender, male 55 (68.8) 44 (69.8) 11 (64.7) 0.685

Obesity 12 (15.0) 8 (12.7) 4 (23.5) 0.267

History of smoking 24 (30.0) 22 (34.9) 2 (11.8) 0.064

Hypertension 39 (48.8) 27 (42.9) 12 (70.6) 0.042*

Coronary artery disease 13 (16.3) 9 (14.3) 4 (23.5) 0.359

Cerebral vascular disease 6 (7.5) 4 (6.3) 2 (11.8) 0.452

Diabetes 6 (7.5) 5 (7.9) 1 (5.9) 0.775

Marfan syndrome 1 (1.3%) 1 (1.6) 0 (0) 0.601

NYHA 1/2 48 (60.0) 35 (55.6) 13 (76.5) 0.118

NYHA 3/4 32 (40.0) 28 (44.4) 4 (23.5)

Euroscore 8.0±2.3 7.0±1.2 11.9±0.9 <0.001*

Previous AVR details

AVR in our hospital 39 (48.8) 32 (50.8) 7 (41.2) 0.481

AVR in outside hospital 41 (51.2) 31 (49.2) 10 (58.8)

AVR with bioprosthesis 14 (17.5) 12 (19.0) 3 (17.6) 0.896

AVR with mechanical prosthesis 66 (82.5) 51 (81.0) 14 (82.4)

Previous cardiac procedures during AVR 14 (17.5) 11 (17.5) 3 (17.6) 0.986

Coronary artery bypass grafting 5 (6.3) 2 (3.2) 3 (17.6) 0.029*

Mitral valve replacement 3 (3.8) 2 (3.2) 1 (5.9) 0.602

Mitral valve repair 5 (6.3) 5 (7.9) 0 (0) 0.230

Tricuspid valve repair 4 (5.0) 3 (4.8) 1 (5.9) 0.851

Ventricular septal defect closure 3 (3.8) 3 (4.8) 0 (0) 0.359

Previous thoracic endovascular aortic repair 1 (1.3) 1 (1.6) 0 (0) 0.601

Previous permanent pacemaker implantation 2 (2.5) 2 (3.2) 0 (0) 0.457

Ejection fraction (%) 61.1±6.4 61.7±6.6 59.1±5.9 0.138

<50% 3 (3.8) 2 (3.2) 1 (5.9) 0.602

Left ventricle end-diastolic dimension (mm) 51.7±8.9 52.7±9.6 48.2±4.6 0.067

≥70 mm 4 (5.0) 4 (6.3) 0 (0) 0.286

Aortic root diameter (mm) 60.1±19.5 59.5±18.7 62.1±23.0 0.633

Ascending aorta diameter (mm) 52.7±13.6 52.0±14.1 55.0±12.1 0.431

Prosthetic valve dysfunction 22 (27.5) 19 (30.2) 3 (17.6) 0.305

Prosthetic stenosis, moderate or severe 22 (27.5) 19 (30.2) 3 (17.6) 0.305

Prosthetic regurgitation, moderate or severe 4 (5.0) 4 (6.3) 0 (0) 0.286

Paravalvular leak, moderate or severe 13 (16.3) 12 (19.0) 1 (5.9) 0.192

Prosthesis valve endocarditis 2 (2.5) 2 (3.2) 0 (0) 0.457

Categorical data are presented as n (%), and continuous data as the mean ± standard deviation. aGroup 1, elective surgery; group 2, 
emergent surgery. *P values indicate statistical significance (P<0.05). AVR, aortic valve replacement; NYHA, New York Heart Association.
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Figure 2 Computed tomographic scans of 5 patients with (A) aortic aneurysm; (B) aortic dissection; (C) root false aneurysm; (D) prosthesis 
valve endocarditis with root abscess; (E) Behçet’s disease with root destruction.

Figure 1 Surgical indications and techniques of reoperations. AA, aortic aneurysm; AD, aortic dissection; Root FA, root false aneurysm; 
PVE, prosthesis valve endocarditis; BD, Behçet’s disease; Asc A/D, ascending aneurysm or dissection; Root A/D, root aneurysm or 
dissection; AscR, ascending replacement; AVR, aortic valve replacement; PSRR, prosthesis-sparing root replacement; a, prosthetic valve 
dysfunction, or paravalvular leak.
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After the rectal temperature decreased to about  
30 ℃, the ascending aorta was clamped. Then the cold 
blood cardioplegia was perfused through aortic root or 
administered into the coronary ostia under direct vision, 
depending on the competency of the prosthesis. After the 
heart was arrested, the root or ascending replacement was 
performed. We examined the previous prosthesis first. 
According to different indications, the involvement of aortic 
pathologies, the function of previous prosthesis, we selected 
different surgical techniques and performed the surgery 
electively or emergently.

For patients with prosthetic valve dysfunction, PVE or 
PVL, we would explant the prosthesis during the operation, 
otherwise we would preserve the prosthesis. For patients 
with the ascending aneurysm or dissection, ascending 
aorta replacement with or without additional re-AVR 
could be selected. For patients with the root aneurysm, 
dissection, or false aneurysm, Bentall procedure could be 
performed in patients with prosthetic valve dysfunction 
or PVL, otherwise a prosthesis-sparing root replacement 
(PSRR) could be performed (8). When performing PSRR, 
a tube Dacron graft was sutured to the sewing ring of the 
previously implanted prosthesis using interrupted pledgeted 
2-0 braided polyester sutures or running 2-0 prolene suture, 
then the reimplantation of the coronary ostia was performed 
as usual. For patients with PVE or BD, Bentall procedure or 
Cabrol procedure could be selected. The Cabrol procedure 
was performed with an 8-mm interposition graft which was 
anastomosed to the coronary ostia, then anastomosed to 
the aortic graft in a side-to-side fashion. When performing 
root replacement including Bentall, Cabrol and PSRR, we 
could select the button technique or the inclusion technique 
with a perigraft-to-right atria shunt, according to the root 
anatomy, and surgeons’ experiences.

In cases of previous CABG using saphenous vein grafts, 
a Carrel patch (button) was created with a native aortic 
wall and reimplanted to the aortic Dacron graft. For 
patients with the arch pathologies, the arch surgery should 
be performed simultaneously. Hemiarch replacement, 
partial arch replacement, subtotal arch replacement, total 
arch replacement with or without frozen elephant trunk 
technique, and hybrid total arch repair could be selected 
after comprehensive consideration of the characteristics 
of arch pathologies, the involvement segment of the 
lesions, the condition of patients and the surgeons’ 
experiences. Hybrid total arch repair was performed 
without hypothermia circulatory arrest (HCA), while HCA 
was required in all patients undergoing subtotal or total 

arch replacement, and most patients undergoing hemiarch 
or partial arch replacement. For the other patients who 
received hemiarch or partial arch replacement without 
HCA, the distal anastomosis was performed with the 
clamping of distal arch and the innominate artery, and 
the distal perfusion was achieved through the femoral 
cannulation. Whenever HCA was foreseen to perform open 
distal arch anastomosis, the rectal temperature was cooled 
to 22–26 ℃. And selective antegrade cerebral perfusion 
(SCP) was achieved via the innominate artery or axillary 
artery (except 1 patient via the left common carotid artery), 
with the flow of 5–10 mL/kg·min.

Definitions, study endpoints and statistical analysis

Obesity was defined as having a body mass index of more 
than 28. History of smoking was defined as continuous or 
cumulative smoking for more than 6 months. Operative 
death was defined as death within 30 days of surgery or 
before final discharge from hospitalization. Acute renal 
failure was defined as the ratio of postoperative serum 
creatinine to preoperative serum creatinine more than 
2, or renal failure necessitating hemodialysis. Prolonged 
ventilation was defined as mechanical ventilation for more 
than 48 hours after surgery. Aortic events were defined as 
recurrent aortic dissection, aortic rupture, deaths of aortic 
cause and aortic-related reinterventions.

The primary endpoints were a composite of adverse 
events, including operative death, stroke, paraplegia, and 
renal failure necessitating hemodialysis. The secondary 
endpoints were acute renal failure, and prolonged 
ventilation.

Continuous variables were expressed as the mean ± 
standard deviation or median (range), and categoric variables 
expressed as number (percentage). The continuous variables 
between the 2 groups were compared with the Student 
t test or the Wilcoxon rank sum test. The categorical 
variables were compared using chi-square analysis. Risk 
factors for a composite of adverse events, acute renal failure, 
and prolonged ventilation were identified with univariable 
and multivariable logistic regression model analysis. The 
survival and freedom from aortic events were evaluated with 
the Kaplan-Meier survival curve and the log-rank test.

Results

Operative data

One patient suffered aneurysm rupture during sternotomy. 
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Then deep HCA with systemic cooling to 18 ℃ through 
femoral cannulation was emergently applied, followed by 
resternotomy and reoperative aortic surgery. In addition, 
2 patients received revisions after aortic unclamping. One 
patient received mitral valve repair for new-onset mitral 
regurgitation. The other patient received PSRR for root 
false aneurysm at first. But the massive bleeding of aortic 
root developed. Then we removed the sutures and previous 
prosthesis, and performed an Bentall procedure with 
biological valved conduit.

The previous prosthesis was explanted in 31 patients 
and preserved in 49 patients. The operations included 
ascending aorta replacement in 14 patients, ascending aorta 
replacement with AVR in 3, PSRR in 35, Bentall procedure 
in 24, and Cabrol procedure in 4 patients (Figure 1; Table 2).  
Fourteen mechanical valved conduits and 10 biological 
valved conduits were used in patients undergoing Bentall 
procedures. For 1 patient with PVE, Bentall procedure was 
performed with a valved homograft. In the other 1 patient 
with PVE and 3 patients with BD, the coronary ostia were 
friable because of serious infection or inflammatory lesions, 
and Cabrol procedure with mechanical valved conduit was 
performed. Among 63 patients receiving root replacement, 
the button technique was used in only 6 patients (3 Bentall 
procedures and 3 PSRR).

Thirty-two patients in group 1 and 16 patients in group 
2 underwent additional procedures (50.8% vs. 94.1%, 
P=0.001). The mean CPB time, aortic-clamp time was 
158.4±63.5 and 100.4±39.9 min, respectively. HCA was 
required in 19 patients undergoing elective surgery and 10 
patients undergoing emergent surgery (30.2% vs. 58.8%, 
P=0.029). The mean SCP duration was 17.2±5.6 min. The 
operative details are listed in Table 3.

Operative mortality and morbidity

Operative mortality was 1.3% (1/80). The patient was a 
63-year-old male. He received PSRR at first, and turned to 
Bentall procedure for massive root bleeding, as previously 
described. The postoperative course was uneventful, and 
he discharged 13 days after surgery. However, he suffered 
sudden death for unknown reason 7 days after discharge.

Primary endpoints occurred in 5 patients, including 1 
operative death, 2 stroke and 3 renal failure necessitating 
hemodialysis. Fifteen patients suffered acute renal failure, 
and 23 patients had prolonged ventilation. In addition, 
3 patients received reoperation for bleeding, 2 patients 
received tracheostomy, 2 patients had hepatic dysfunction. 
And atrioventricular block requiring permanent pacemaker 
implantation during the same hospitalization occurred in 1 

Table 2 Indications and surgical techniques by study groupa

Indications All patients (n=80)
Group 1 (n=63) Group 2 (n=17)

Techniques No. Techniques No.

Aortic aneurysm 36 (45.0) PSRR 14

Bentall 16

AscR 4

AscR + AVR 2

Aortic dissection 37 (46.3) PSRR 11 PSRR 9

Bentall 4 Bentall 2

AscR 6 AscR 4

Asc + AVR 1

Root false aneurysm 2 (2.5) Bentall 1 Bentall 1

PVE + root abscess 2 (2.5) Bentall 1

Cabrol 1

BD + root destruction 3 (3.8) Cabrol 3

Data are presented as n (%) or as indicated. aGroup 1, elective surgery; group 2, emergent surgery. AscR, ascending aorta replacement; 
AVR, aortic valve replacement; BD, Behçet’s disease; No., number; PSRR, prosthesis-sparing root replacement; PVE, prosthesis valve 
endocarditis.
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Table 3 Operative and postoperative results by study groupa

Characteristics All patients (n=80) Group 1 (n=63) Group 2 (n=17) P value

Additional procedures 48 (60.0) 32 (50.8) 16 (94.1) 0.001*

Hemiarch replacement 5 (6.3) 5 (7.9) 0 (0) 0.230

Partial arch replacement 7 (8.8) 4 (6.3) 3 (17.6) 0.143

Subtotal arch replacement 4 (5.0) 4 (6.3) 0 (0) 0.286

Total arch replacement 4 (5.0) 3 (4.8) 1 (5.9) 0.851

Total arch replacement with FET technique 16 (20.0) 8 (12.7) 8 (47.1) 0.002*

Hybrid aortic arch repair 3 (3.8) 1 (1.6) 2 (11.8) 0.050

Coronary artery bypass grafting 4 (5.0) 4 (6.3) 0 (0) 0.286

Mitral valve replacement 7 (8.8) 5 (7.9) 2 (11.8) 0.620

Mitral valve repair 2 (2.5) 2 (3.2) 0 (0) 0.457

Ventricular septal defect closure 1 (1.3) 1 (1.6) 0 (0) 0.601

Ascending-femoral artery bypass 2 (2.5) 2 (3.2) 0 (0) 0.457

Femoral-femoral artery bypass 2 (2.5) 2 (3.2) 0 (0) 0.457

Thoracic endovascular aortic repair 2 (2.5) 2 (3.2) 0 (0) 0.457

Cardiopulmonary bypass time (min) 158.4±63.5 152.2±61.0 185.7±72.1 0.089

Aortic clamp time (min) 100.4±39.9 98.7±38.5 107.9±47.9 0.460

Hypothermia circulatory arrest 29 (36.3) 19 (30.2) 10 (58.8) 0.029*

Selective cerebral perfusion time (min) 17.2±5.6 16.5±6.5 19.2±1.7 0.340

Ventilation time (h) 20 (9-903) 18 (9-278) 27 (9-903) 0.248

Prolonged ventilation (>48 h) 23 (28.8) 18 (28.6) 5 (29.4) 0.946

Intensive care unit duration (days) 4 (1-42) 3 (1-29) 5 (2-42) 0.140

Postoperative in-hospital duration (days) 11 (6-55) 12 (6-55) 10 (7-41) 0.859

A composite of adverse events 5 (6.3) 3 (4.8) 2 (11.8) 0.290

Operative death 1 (1.3) 1 (1.6) 0 (0) 0.601

Stroke 2 (2.5) 1 (1.6) 1 (5.9) 0.314

Renal failure necessitating hemodialysis 3 (3.8) 2 (3.2) 1 (5.9) 0.602

Acute renal failure 15 (18.8) 11 (17.5) 4 (23.5) 0.569

Reoperation for bleeding 3 (3.8) 2 (3.2) 1 (5.9) 0.602

Tracheostomy 2 (2.5) 0 (0) 2 (11.8) 0.006*

Permanent pacemaker implantation 1 (1.3) 1 (1.6) 0 (0) 0.601

Hepatic dysfunction 2 (2.5) 2 (3.2) 0 (0) 0.457

Categorical data are presented as n (%), and continuous data as the mean ± standard deviation or median (range). aGroup 1, elective 
surgery; group 2, emergent surgery. *P values indicate statistical significance (P<0.05). FET, frozen elephant trunk.
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patient. The postoperative results are listed in Table 3.
All patients were eventually discharged from hospital. 

Two patients were transferred to another hospital after 
discharge, for further treatment of respiratory failure. And 
there were 3 unplanned readmissions within 1 month after 
discharge. The causes of readmissions were poor healing 
of chest wound, poor healing of groin wound, and massive 
pericardial effusion, respectively.

No risk factor was associated with a composite of adverse 
events using univariable and multivariable regression 
analysis. On univariable regression analysis, HCA was 
identified to be a risk factor for acute renal failure (P=0.01), 
and no risk factor was related to prolonged ventilation. On 
multivariable regression analysis, HCA was an independent 
risk factor of acute renal failure (P=0.042), and CPB time 
of more than 200 minutes was an independent risk factor of 
prolonged ventilation (P=0.045). The results of univariable 
and multivariable regression analysis for acute renal failure 
and prolonged ventilation are shown in Table 4.

Follow-up

The follow-up data were available for all 79 survivors. 
The mean follow-up time was 35.5±22.1 months (range:  
1–77 months). Five late deaths occurred during the 
follow-up. Two deaths were due to heart failure, and the 

death causes for the other 3 patients were ruptured aortic 
dissection, cerebral hemorrhage, and severe pneumonia, 
respectively. The Kaplan-Meier survival at 1 year, 3 years 
and 6 years were 97.5%, 91.1% and 84.1%, respectively.

Aortic events occurred in 3 patients. One patient died 
of ruptured aortic dissection 65 months after surgery; 1 
patient underwent thoracoabdominal aortic aneurysm repair 
20 months after surgery, for dilation of the false lumen 
in the thoracoabdominal aorta; and 1 patient received 
percutaneous aorta-right atria fistula closure 17 months 
later. The freedom from aortic events at 1-year, 3-year, and 
6-year were 100%, 96.3% and 88.9%, respectively.

Survival at 6 years in patients who underwent elective 
surgery (group 1) and emergent surgery (group 2) was 81.9% 
and 100%, respectively (log-rank P=0.28; Figure 3A), and 
freedom from aortic events at 6 years in the 2 groups was 
89.6% and 88.9%, respectively (log-rank P=0.29; Figure 3B).

In addition, 1 patient required permanent hemodialysis 
after discharge; 2 patients suffered stroke; and 1 patient 
received permanent pacemaker implantation. One patient 
with coronary artery disease underwent 3 percutaneous 
coronary interventions for left main artery lesions.

Discussion

Although the real incidence of reoperative root or 

Table 4 Univariable and multivariable regression analysis for acute renal failure and prolonged ventilation

Study endpoints
Univariable analysis Multivariable analysis

OR (95%CI) P value OR (95%CI) P value

Acute renal failure

Emergent surgery 1.46 (0.40–5.32) 0.571 1.01 (0.23–4.38) 0.993

Age ≥65 years old 0.26 (0.06–1.27) 0.096 0.37 (0.07–1.90) 0.234

CPB time ≥200 min 2.00 (0.53–7.55) 0.306 1.35 (0.31–5.82) 0.690

Hypothermic circulatory arrest 4.84 (1.46–16.06) 0.01* 3.89 (1.05–14.39) 0.042*

Prolonged ventilation

Emergent surgery 1.04 (0.32–3.38) 0.946 1.06 (0.29–3.85) 0.926

Age ≥65 years old 1.51 (0.55–4.16) 0.423 1.88 (0.62–5.71) 0.264

Obesity 1.29 (0.35–4.79) 0.704 1.73 (0.41–7.27) 0.454

Smoker 1.03 (0.36–2.95) 0.957 0.98 (0.32–3.06) 0.977

CPB time ≥200 min 3.13 (0.95–10.27) 0.06 3.73 (1.03–13.50) 0.045*

Hypothermic circulatory arrest 1.19 (0.44–3.23) 0.734 0.99 (0.30–3.22) 0.988

*P values indicate statistical significance (P<0.05). CPB, cardiopulmonary bypass; OR (95% CI), odds ratio (95% confidence interval).
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ascending replacement is unknown, it is anticipated that 
more and more patients will require reoperations on the 
proximal aorta. Among the types of primary procedures in 
patients undergoing reoperations on the proximal aorta, 
isolated AVR was the most common type, ranged from 
28.6% to 65.5% (9-11). However, reports that specifically 
focused on reoperative root or ascending replacement after 
AVR are very limited. In present study, we summarized our 
experiences of reoperative root or ascending replacement 
after AVR and analyzed the outcomes of these patients. Our 
study has demonstrated that these complex reoperations on 
the proximal aorta can be performed safely in patients with 
prior AVR at a high-volume aortic center.

As described above, the indications for reoperations in 
this study included aortic aneurysm, aortic dissection, root 
false aneurysm, PVE with root abscess, and BD with root 
destruction. It is important to optimize the surgical strategy 
according to different indications, the function of previous 
prosthesis, and the involvement of aortic pathologies.

The aortic dissection was the most common indication 
in this cohort, accounted for 46.3% (37/80). Type I 
aortic dissection develops in 0.2–2.3% of patients after  
AVR (12).  In a retrospective study enrolling 13,205 adults, 
Itagaki and colleagues found that the long-term incidence 
of thoracic aortic dissection after AVR was significantly 
higher in patients with Marfan syndrome (5.5±2.7%) 
compared with those with bicuspid valves (0.55±0.21%) and 
patients with acquired aortic valve disease (0.41±0.08%,  
P<0.001) (13). And Tsutsumi also identified that aortic 
regurgitation combined with hypertension, male, and 
thinned or fragile aortic walls in patients with ascending 
dilatation (≥ 45 mm diameter) at the time of AVR may be 

risk factors for late aortic dissection (12). Aortic aneurysm 
was the second most common (45.0%, 36/80) indication 
in this study. Due to progressive aortic dilatation, root 
or ascending aneurysm was also a common aortopathy 
after AVR (14). Itagaki also discovered that thoracic aortic 
aneurysms after AVR in late follow-up were significantly 
more likely to be diagnosed in patients with Marfan 
syndrome (10.8±4.4%) compared with those with bicuspid 
valves (4.8±0.8%) and control group patients (1.4±0.2%) 
(P<0.001) (13). In this cohort, many patients already had 
root or ascending dilatation (45–55 mm) at the time of 
AVR, but they did not receive aortic surgery due to high 
operative risk in some remote hospitals. It has been widely 
accepted that the patients with proximal aortic dissection 
or aneurysm after AVR had to receive reoperative root or 
ascending replacement. Patients could also develop root 
false aneurysm after prior AVR, due to the fragility of 
aortic wall. And reoperative root replacement was the only 
alternative for this pathology. In this cohort, we performed 
root replacement for 2 patients with root false aneurysm.

Prosthetic valve dysfunction was not an uncommon 
complication after AVR, and the causes included 
structure valve deterioration of bioprosthesis, valve 
thromboembolism, tissue ingrowth, subvalvular pannus 
formation. PVL was also a common complication, with a 
reported incidence of 2–17% after surgical AVR (15). PVL 
is due to incomplete apposition of the sewing ring to the 
native tissue, and it occurs as a result of a variety of factors, 
including infection, suture dehiscence, calcified annulus, 
friability of the annulus tissue, lack of space to locate the 
valve sutures and technical difficulties in accessing the ring 
valve tissue (16). Isolated prosthetic valve dysfunction or 

Figure 3 The Kaplan-Meier curves show (A) overall survival comparing group 1 (elective surgery) and group 2 (emergent surgery), (B) 
freedom from aortic events comparing group 1 and group 2.

A B

P=0.28 P=0.29
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PVL after AVR could be treated by re-AVR or transcatheter 
closure of PVL (16). But patients with concurrent root 
pathologies had to receive reoperative root replacement. 
In this study, 21 patients with prosthetic valve dysfunction 
or PVL had concurrent root aneurysm or dissection, and 
they underwent Bentall procedure. Specially, PVL was 
caused by PVE in 2 patients, BD in 3 patients. They had 
severe root abscess or destruction, and root replacement 
was also mandatory. For patients with severe infection, a 
cryopreserved valved homograft should be used to replace 
the root to decrease the risk of recurrent infection (17). And 
we used valved homograft in 1 patient with PVE. Indeed, 
PVE was also the prevailing indications for reoperative 
root replacement in some previous studies (9,18). BD with 
severe aortic regurgitation could be primarily managed by 
isolated AVR (19). However, many patients would develop 
PVL after AVR, due to prosthesis dehiscence (19). And 
the surgical treatment of PVL in patients with BD was 
intractable. When severe root destruction was encountered, 
reoperative aortic root replacement was the most suitable 
solution (20).

Removal of the previous prosthesis requires operating 
on a sometimes weakened and pathological aortic annulus, 
which would injure the adjacent structures (8). And 
distortion of the aortic annulus after the removal of the 
prosthesis may impel the surgeon to implant a new smaller 
prosthesis (8). Therefore, we thought that a prosthesis 
without prosthetic valve dysfunction or PVL should be 
spared whenever possible when performing aortic root 
replacement. In our study, most patients (43.8%) received 
PSRR.

Although various technical improvements have been 
achieved, reoperative root or ascending replacement 
after previous cardiac procedures still remains a surgical 
challenge, with the mortality of 5.4% to 17.9% (3,9-
11,17,18,21,22). Only few studies calculated the mortality 
of reoperative root replacement in patients with prior AVR 
[Szeto et al. 14.1% (18) and Esaki et al. 14.1% (22)]. In our 
study, the mortality was only 1.3%, much less than that 
of previous reports. The optimal results could be partly 
explained by young age, less preoperative comorbidities, 
and overall good left heart function (only 3 patients with 
ejection fraction <50%) in this cohort. As the most famous 
cardiovascular center in China, we implemented strict 
operation grading system. Only very experienced senior 
surgeons were eligible for redo aortic surgeries, which also 
resulted in low mortality in this study. According to previous 
studies, the possible risk factors of operative death included 

older age, preoperative renal failure or lung disease, prior 
myocardial infarction, preoperative functional class III/IV, 
prolonged CPB duration (17,18,22). Although HCA could 
reduce the metabolic rate of the tissue, it was also associated 
with endothelial dysfunction in renal arteries, and it was 
a strong independent risk factor for postoperative renal  
impairment (23). Due to exposure of blood to abnormal 
surfaces, CPB could result in systemic inflammatory 
responses, which was detrimental to many organs including 
lungs. Nadeem had identified that prolonged CPB duration 
was associated with prolonged ventilation (24). According to 
multivariable regression analysis in this study, we confirmed 
that HCA was related to acute renal failure (P=0.042), 
and CPB time of more than 200 minutes was related to 
prolonged ventilation (P=0.045).

In addit ion,  due to the anatomic proximity of 
conduction tissue, complete atrioventricular block was 
not an uncommon complication after reoperations on the 
proximal aorta, which was ranged from 4.1% to 17.3% 
(9,10,17,18). In our study, only 1 patient (1.3%) developed 
complete atrioventricular block requiring pacemaker 
implantation. The main reason was higher proportion of 
PSRR (43.8%) and ascending replacement (17.5%) in this 
cohort. The Dacron graft was anastomosed to the sewing 
ring of the previous prosthesis or sinotubular junction when 
performing the two techniques, which was impossible to 
injure the conduction tissue. In addition, patients in this 
cohort had less root adhesions than patients with previous 
root surgery. Therefore, the trauma of root at reoperation 
could be reduced, which could also result in lower incidence 
of complete atrioventricular block.

The midterm outcome was also satisfactory in our 
study, with 6-year survival of 84.1% and freedom from 
aortic events of 88.9%. Other series have reported 5-year 
survival ranging from 72.6% to 83.0% (9,18,22). We found 
that emergent surgery did not impact overall survival and 
freedom from aortic events. According to previous studies, 
the survival was impacted by patient age, previous CABG, 
heart function class and preoperative chronic kidney  
disease (11,18,22).

During the follow-up, 5 late deaths and 3 aortic events 
occurred. All 3 patients with aortic events had surgical 
indication of aortic dissection. Indeed, for many patients 
with aortic dissection, the false lumen of the distal aorta 
could be patent after surgery. Progressive dilation of the 
distal aorta was prone to develop in these patients, and they 
may experience ruptured dissection of the distal aorta or 
require open thoracoabdominal reoperations. In this study, 
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1 patient received thoracoabdominal aortic aneurysm repair 
due to progressive dilatation of an untreated dissected aorta, 
and 1 patient experienced ruptured dissection of the distal 
aorta. In addition, 1 patient received percutaneous aorta-
right atria fistula closure during the follow-up. This patient 
underwent reoperative root replacement using the inclusion 
technique with a perigraft-to-right atria shunt. However, 
this shunt did not close and turn into the persistent aorta-
right atria fistula which require reintervention. The 
inclusion technique with a perigraft-to-right atria shunt was 
to create the connection between the perigraft and the right 
atria by direct anastomosis. This procedure could control 
the surgical bleeding and improve hemostasis of aortic root 
and coronary anastomosis. Therefore, we thought that 
it was especially suitable for reoperations of aortic root. 
But it was also associated with some late complications, 
including persistent aorta-right atria fistula, root false 
aneurysm, coronary artery-to-perigraft fistula, right heart 
failure because of persistent left-to-right shunt (25). And 
we still used this technique in most patients undergoing 
reoperations on root.

There are some inevitable limitations to this study. 
Firstly, due to the low incidence of operative death, and 
complications, this study is not powered for evaluating the 
risk factors of the first endpoint listed in the paper. Only 
risks factor of acute renal failure and prolonged ventilation 
were analyzed. Till now, no study specially reported the 
outcome of reoperative root or ascending replacement after 
prior AVR. Therefore, we could not compare our findings 
carefully with the previous studies. Additionally, the patient 
population is very heterogenous, which makes it difficult to 
conclude on the outcome of the procedures.

Conclusions

In conclusion, reoperative aortic root or ascending aorta 
replacement after prior AVR could be indicated for aortic 
aneurysm, aortic dissection, root false aneurysm, PVE 
with root abscess, and BD with root destruction. Although 
technically complex and challenging, reoperative aortic root 
or ascending aorta replacement could be performed safely 
with satisfactory early and midterm outcomes.
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