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Background: There is no consensus on the choice of aortic valve prosthesis for patients with end-stage 
renal failure. We analyzed short- and long-term complications in dialysis patients who underwent aortic 
valve replacement (AVR) with either a biological (bAVR) or a mechanical (mAVR) prosthesis. 
Methods: All patients on dialysis who underwent bAVR or mAVR in Sweden from 1995 to 2017 (n=335) 
were included in a nationwide, population-based, observational, cohort study. Short and long-term 
complications were compared. Long-term mortality was compared with multivariable Cox regression 
analysis adjusted for age, sex, comorbidities, and a propensity score-matched model. Median follow-up was 2.8 
(range, 0–16) years.
Results: Biological and mechanical valves were implanted in 253 (75.5%) and 82 (24.5%) patients, 
respectively. The bAVR patients were older and had more comorbidities. There was no significant difference 
in early complication rate. Thirty-day mortality was 9.1% in bAVR and 7.3% in mAVR patients (P=0.62). 
The multivariable Cox regression model did not show significant difference in mortality risk between 
bAVR and mAVR patients [adjusted hazard ratio (aHR) 1.33; 95% CI: 0.84–2.13; P=0.22]. The results 
were confirmed in the propensity-score matched model. The rate of aortic valve reoperations did not differ 
significantly between the bAVR and mAVR group. 
Conclusions: The short- and long-term complication rate is high, and the expected life expectancy limited, 
in dialysis patients undergoing AVR, without significant difference between biological and mechanical 
prostheses. The results suggest that biological valve prosthesis, avoiding systemic anticoagulation, is 
appropriate in most dialysis patients.  
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Introduction

The prevalence of patients with end-stage renal disease 
requiring dialysis has increased over the past years from  
741 per million population in year 2010 (1) to 897 per 
million in 2018 (2). The life expectancy for patients in 

dialysis is limited, in a recent study, the unadjusted 5-year 
survival probability after the start of dialysis was 42.6% (2). 
Cardiovascular disease is the major cause of morbidity 
and mortality in dialysis patients and is present in >50% 
of patients undergoing dialysis (3). A higher prevalence 
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of aortic valve calcification and aortic stenosis with rapid 
progression has been observed in dialysis patients (4,5).

It is still unclear which type of prosthesis is optimal 
for dialysis patients requiring aortic valve replacement 
(AVR). Initially, international guidelines recommended 
implantation of a mechanical valve in all dialysis-dependent 
patients, due to a perceived high risk of accelerated 
degeneration of biological prosthesis in dialysis patients, 
compromising the durability of the valve (6). More recent 
studies have reported that survival and reoperation rates in 
dialysis patients do not differ significantly between those 
treated with mechanical and those treated with biological 
valves (7-13). However, these studies are either single 
center studies (9-11) or include patients with different valve 
procedures in the same study cohort, e.g., both aortic and 
mitral valve replacements (12,13). There is no previous 
nationwide study focusing on AVR in dialysis patients. 

The aim of this population-based cohort study was 
therefore to analyze the association between the type of 
aortic valve prosthesis (biologic or mechanical) implanted 
and short- and long-term complications including mortality, 
in a comparatively large nationwide cohort of dialysis 
patients who underwent AVR with and without concomitant 
coronary artery bypass grafting (CABG). We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-21-1410/rc).

Methods

Patients

All 335 patients ≥18 years with end stage renal disease 
and preoperative dialysis who underwent a first surgical 
implantation of a biological (bAVR) or a mechanical (mAVR) 
aortic valve prosthesis, isolated or in combination with 
CABG, from 1997 to 2017 in Sweden were included in 
a registry-based longitudinal cohort study. Patients with 
aortic valve endocarditis and those who underwent multiple 
valve implantation, homograft implantation, concomitant 
procedures other than CABG or had had previous aortic 
valve surgery were a priori excluded. The study was 
performed in compliance with the Declaration of Helsinki 
(as revised in 2013) and was approved by the regional 
Human Research Ethics Committee in Gothenburg, 
Sweden (approval number 139-16). The Ethics Committee 
waived the need for individual patient consent.

Data sources and registered variables

The study population was identified in the Swedish 
Cardiac Surgery Registry (14), which is a part of the 
SWEDEHEART Registry. The Cardiac Surgery Registry 
has collected information about patient characteristics, 
comorbidity including end-stage renal disease requiring 
dialysis, operative data, and early complications for all 
open-heart surgery procedures in Sweden since 1992. 
Reoperation for bleeding was defined as any reoperation for 
excessive postoperative bleeding and/or cardiac tamponade 
during the index hospital stay. “Postoperative heart failure” 
was defined as the need for inotropic support drugs for 
>24 hours or the use of an intra-aortic balloon pump 
or assist device. “Perioperative stroke” was defined as a 
new focal neurological deficit detected during the index 
hospitalization and lasting >72 hours. “Deep sternal wound 
infection” was defined as a deep infection requiring surgical 
debridement. “Aortic valve reoperation” was defined as 
any open aortic valve surgery procedure, or transcatheter 
aortic valve implantation (TAVI), registered in the Cardiac 
Surgery Registry or the National Patient Register during 
the follow-up period. 

Additional information about comorbidities, not captured 
in the Swedish Cardiac Surgery Register, was collected 
from the National Patient Register. This register records 
the diagnoses from all hospital admissions in Sweden, and 
is considered complete after 1987 (15). The International 
Classification of Diseases (ICD), 9th and 10th revision 
(ICD-9 and ICD-10), was used to categorize comorbidities 
in the patient register (Table S1). Deaths beyond the 
immediate postoperative period were collected from the 
national Cause of Death Registry (16). Linkage between the 
registries was possible by using the unique personal identity 
number given to all Swedish citizens at birth or immediately 
after immigration (17).

Statistical analysis 

Continuous data were reported as mean ± standard 
deviation. For comparison between groups, Fisher’s exact 
test was used for dichotomous variables and the Mann-
Whitney U-test was used for continuous variables. 
Cumulative survival estimates were generated using the 
Kaplan-Meier method. Variables significantly associated 
with mortality in bivariate analysis were entered into a 
Cox multivariable analysis. In addition, sex and type of 
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prosthesis (biological or mechanical) were entered into the 
model. The Cox regression model was used to calculate 
hazard ratios (HRs) with 95% confidence intervals (CIs). 
The proportional hazard assumption was evaluated in an 
interaction model with the log of the survival time. The P 
value for the interaction between the log survival time and 
type of aortic valve was 0.82, hence the proportional hazard 
assumption was fulfilled. Propensity score matching was 
performed using variables shown in Table 1. The matched 
groups were described by Kaplan-Meier curves stratified 
by type of aortic valve, and analyzed with log-rank test. 
The limited number of patients and events did not allow 
multivariate analysis of early mortality risk. A P value of 
<0.05 was considered statistically significant. All calculations 
were performed using version 9.4 of SAS (SAS Institute 
Inc., Cary, NC, USA).

Results

Patients

A total of 335 patients were included in the study. A flow 
chart over included and excluded patients is presented in 
supplementary Figure S1. Patient characteristics are presented 

in Table 1 and supplementary Table S2. Mean age was 
67.1±10.5 years and 248 patients (74%) were men. Biological 
and mechanical valves were implanted in 253 (75.5%) and 82 
(24.5%) patients, respectively. Six of the patients, four in the 
bAVR group (1.6%) and two in the mAVR group (2.4%), had 
a previous sternotomy. Seventy-five patients (22.4%) had 
concomitant CABG. The patients in the bAVR valve group 
were older (70.1±8.6 vs. 57.8±10.3 years, P<0.001) and had 
more comorbidities (stroke, history of cancer, diabetes, and 
hyperlipidemia) compared to the mAVR patients. The mean 
logistic EuroSCORE was 8.7%±4.1% and 6.8%±4.4%, 
respectively, for the bAVR versus the mAVR group 
(P=0.001). Median follow-up was 2.8 (range, 0–16) years. 
No patient was lost to follow-up. During follow-up, a total 
of 26 patients, 16 in the bAVR group (6.3%) and ten in the 
mAVR group (12.1%), underwent kidney transplantation.

Early outcome 

Twenty-nine out of 335 dialysis patients (8.7%) died 
during the first 30 postoperative days, 24/260 (9.2%) 
who had undergone isolated AVR and 5/75 (6.7%) who 
had undergone AVR + CABG. Reoperation for bleeding 
occurred in 53/335 (15.8%) of the patients, postoperative 

Table 1 Preoperative patient characteristics in 335 dialysis patients who underwent AVR with a biological or mechanical valve

Variables Total population (n=335) Biological valve (n=253) Mechanical valve (n=82) P value

Concomitant CABG 75 (22.4) 68 (26.9) 7 (8.5) <0.001

Male gender 248 (74.0) 187 (73.9) 61 (74.4) 1.000

Age (years) 67.1±10.5 70.1±8.6 57.8±10.3 <0.001

Body mass index 27.0±5.2 27.1±4.5 26.8±7.0 0.320

Logistic EuroSCORE (%) 8.3±4.3 8.7±4.1 6.8±4.4 0.001

Previous myocardial infarction 71 (21.2) 55 (21.7) 16 (19.5) 0.800

Previous stroke 31 (9.3) 18 (7.1) 13 (15.9) 0.038

Diabetes 114 (34.0) 91 (36.0) 23 (28.0) 0.240

Hypertension 241 (71.9) 192 (75.9) 49 (59.8) 0.008

Heart failure 125 (37.3) 97 (38.3) 28 (34.1) 0.580

Atrial fibrillation 94 (28.1) 75 (29.6) 19 (23.2) 0.320

Peripheral vascular disease 73 (21.8) 60 (23.7) 13 (15.9) 0.170

History of cancer 70 (20.9) 60 (23.7) 10 (12.2) 0.032

Hyperlipidemia 69 (20.6) 59 (23.3) 10 (12.2) 0.038

Data is presented as mean ± standard deviation or numbers and percentages. AVR, aortic valve replacement; CABG, coronary artery 
bypass grafting. 
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heart failure in 44/335 (13.1%), perioperative stroke in 
36/335 (10.7%), and deep sternal wound infection or 
mediastinitis in 14/335 (4.2%) of the patients (Table 2). 
Dialysis patients with combined aortic valve and CABG 
surgery had higher rates of postoperative heart failure, than 
patients with aortic valve surgery only (Table S3). 

Neither 30-day mortality (9.1% vs. 7.3%, P=0.62) nor 
the incidence of any other early complication differed 
significantly between the bAVR and mAVR groups, either 
in the total study population (Table 2), or in the propensity 
score-matched patients (Table S4).

Long-term outcome

Mortality
In total, 178 patients (53.1%) died during follow-up 
(including early mortality), 136 (53.7%) in the bAVR group 
and 42 (51.2%) in the mAVR group. Cumulative survival 
in the whole patient population was 80%, 51%, and 30% 
at 1, 5, and 10 years, respectively. The causes of death were 
cardiovascular in 104 cases (58.4%), cancer in 14 (7.9%), 
renal failure in 26 (14.6%), sepsis in 13 (7.3%), multi-organ 
failure in 11 (6.2%), and “other” in 10 (5.6%). 

Age, diabetes, hypertension, heart failure, and history 
of cancer were significantly associated with total mortality 
in the bivariate analyses (Table 3). In the multivariable 
regression model, including variables that were significant 
according to the bivariate analysis, diabetes (adjusted hazard 
ratio (aHR) 1.60; 95% CI 1.15–2.24, P=0.006), heart failure 
(aHR 1.44; 95% CI: 1.02–2.05; P=0.040), and history of 
cancer (aHR 1.52; 95% CI: 1.05–2.20; P=0.026) were 
independently associated with total mortality (Table 3). 

There was a significant difference in cumulative survival, 
with inferior unadjusted survival in patients with biological 

prostheses (51% vs. 54% at 5 years, and 24% vs. 38% at  
10 years, P=0.046), Figure 1. After adjustment, type of valve 
prosthesis was not associated with overall mortality risk 
(aHR 1.33; 95% CI: 0.84–2.13; P=0.22) (Table 3). 

Propensity score matching yielded 70 patients in the 
biological valve group and 60 patients in the mechanical 
valve group. The groups were well balanced (Table S5). 
Long-term cumulative survival did not differ between 
propensity score-matched bAVR and mAVR patients (HR 
1.05; 95% CI: 0.65–1.69; log-rank test P=0.84), Figure 2.

Cumulative survival did not differ significantly between 
AVR and AVR + CABG patients (50% vs. 62% at 5 years and 
29% vs. 31% at 10 years, P=0.55), Figure 3. Concomitant 
CABG was not associated with higher overall mortality in the 
bivariate model (HR 0.89; 95% CI: 0.61–1.30; P=0.55). 

Cumulative survival in relation to diabetes and heart 
failure is depicted in Figure 4. Patients with both diabetes and 
heart failure had an inferior cumulative survival compared 
to patients with neither of the conditions (P=0.001), and 
compared to those with heart failure only (P=0.009). 

Events during follow-up
Number of events, events per 100 patient years, and 
unadjusted and aHRs for deaths, aortic valve reoperations 
major bleeding, ischemic strokes and myocardial infarction 
during follow-up are presented in Table 4. During follow-
up, ten out of 335 patients (2.1%) were reoperated on the 
aortic valve, 6/253 (2.4%) in the bAVR group and 4/82 
(4.9%) in the mAVR group. A Kaplan-Meier plot of the 
reoperations is presented in supplementary Figure S2.  
Three of the reoperations in the bAVR group were 
a TAVI. There were no significant differences in the 
adjusted risk for any of the reported events between the 
bAVR and mAVR group. 

Table 2 Early complications in 335 dialysis patients who underwent AVR with a biological or mechanical valve 

Variables Total population (n=335) Biological valve (n=253) Mechanical valve (n=82) P value

Thirty-day mortality 29 (8.7) 23 (9.1) 6 (7.3) 0.62

Reoperation for bleeding 53 (15.8) 38 (15.0) 15 (18.3) 0.59

Postoperative heart failure 44 (13.1) 34 (13.4) 10 (12.2) 0.94

Perioperative stroke 36 (10.7) 29 (11.5) 7 (8.5) 0.61

Deep sternal wound infection 14 (4.2) 11 (4.3) 3 (3.7) 1.00

Data is presented as numbers and percentages. AVR, aortic valve replacement.
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Discussion

The main findings of this population-based cohort study 
were: (I) the early and late complication rate in dialysis 
patients is high after AVR; (II) valve type was not associated 

with overall mortality risk after AVR in dialysis patients, 

either in multi-adjusted Cox regression analysis or after 

propensity score matching; (III) the incidence of aortic valve 

reoperation did not differ significantly between dialysis 

Table 3 Bivariate and multivariable Cox regression analysis of potential predictors of long-term mortality in 335 dialysis patients who underwent 
AVR with a biological or mechanical valve

Variables
Bivariate Multivariable

HR (95% CI) P value aHR* (95% CI) P value

Type of aortic valve (biological vs. mechanical) 1.08 (0.72–1.61) 0.720 1.33 (0.84–2.13) 0.220

Concomitant CABG 0.89 (0.61–1.30) 0.550 – –

Male gender 1.32 (0.96–1.83) 0.092 – –

Age (per year increase) 1.02 (1.01–1.04) 0.001 – –

Hypertension 1.48 (1.06–2.08) 0.022 – –

History of cancer 1.52 (1.08–2.14) 0.017 1.52 (1.05–2.20) 0.026

Hyperlipidemia 1.26 (0.87–1.82) 0.230 – –

Peripheral vascular disease 1.22 (0.85–1.74) 0.280 – –

Previous myocardial infarction 1.60 (1.14–2.24) 0.069 – –

Atrial fibrillation 1.38 (1.00–1.91) 0.051 – –

Heart failure 1.76 (1.30–2.37) 0.001 1.44 (1.02–2.05) 0.040

Diabetes 1.50 (1.11–2.04) 0.009 1.60 (1.15–2.24) 0.006

Previous stroke 1.23 (0.75–2.00) 0.420 – –

Results are shown as HRs with 95% CIs. *, adjusted for age, sex, and baseline comorbidities. AVR, aortic valve replacement; HR, hazard 
ratio; aHR, adjusted hazard ratio; CI, confidence interval; CABG, coronary artery bypass grafting. 
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Figure 1 Cumulative survival plot for all patients stratified by type 
of aortic valve prosthesis [biological (blue curve) versus mechanical 
(red curve)]. There was a significant difference between the two 
groups (log-rank test P=0.046).

Figure 2 Cumulative survival plot showing the probability of 
death (95% CIs), stratified by treatment group (the propensity 
score-matched biological versus mechanical group). There was 
no significant difference between the two groups (log-rank test 
P=0.84). CI, confidence interval.
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patients who received a biological, and dialysis patients 
who received a mechanical aortic prosthesis; and (IV) in 
unadjusted analysis, concomitant CABG was not associated 
with inferior survival in AVR patients on dialysis. 

In the present study, the overall early complication 
rate and short- and long-term mortality was markedly 
higher in dialysis patients than has been reported in mixed 
AVR patient populations (18). This is in accordance with 
previous studies on the subject and can largely be explained 

by the high burden of risk factors in dialysis patients. For 
example, the prevalence of diabetes (34%) and heart failure 
(37%) and the mean logistic EuroSCORE are high in these 
patients compared to the CABG population. The outcome 
after implantation of biological or mechanical valve aortic 
prostheses in dialysis patients has been compared in a few 
studies (9-13,19,20). Most of the previous studies in dialysis 
patients have been restricted by limited study populations, 
including patients from only one or a few centers (9-11), or 
patients with valves implanted in locations other than the 
aortic valve (10,12,13). 

Long-term mortality risk did, in the present study, not 
differ significantly between dialysis patients who received 
biological and mechanical prosthetic valves in the aortic 
location. These findings are in accordance with most 
contemporary studies (9-11,13,19,20) and a systematic 
review (12). Hence, the present and previous studies, 
comparing mechanical versus biological valves in dialysis 
patients, have not shown a definitive advantage of one valve 
type. 

In the present study, we observed a low overall rate of 
reoperation on the aortic valve (2.1% or 0.81% per 100 
patient years). The risk for reoperation was not higher 
in patients receiving a biological prosthesis than in those 
receiving a mechanical prosthesis, suggesting that few 
patients in the bAVR group developed structural valve 
deterioration requiring reoperation. In the present study, 
only 50% of the patients survived >5 years (Figure 1) 
and, hence, few biological prostheses may be needed to 
be replaced before patients succumb to their underlying 
diseases. Taken together with the lack of difference in 
long-term mortality between bAVR and mAVR, this 
indicates that a biological prosthesis, avoiding systemic 
anticoagulation, is an adequate choice in most patients with 
end-stage renal disease requiring dialysis.

Our results suggest however, that both biological and 
mechanical prostheses can be considered a valid alternative 
in dialysis patients. Several factors, such as the life 
expectancy, risks related to anticoagulation therapy, and 
the potential risk of early valve deterioration, should be 
considered when choosing the prosthesis that will be most 
suitable for the individual patient. In addition, the avoidance 
of systemic anticoagulation may have positive impact on 
the patients’ quality of life. Furthermore, valve-in-valve 
TAVI can be used to treat structural valve deterioration 
in surgically implanted bioprostheses, allowing the use 
of biological valves in younger patients. In cases where 
dialysis patients are deemed to be candidates for future 
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kidney transplantation, the use of a mechanical valve may 
be considered because of the prolonged long-term survival 
after kidney transplant in patients with end-stage renal 
disease (13,21). 

The results of the present study suggest that the 
patient’s comorbidities at the time of the operation are a 
major determinant of outcome. We observed that heart 
failure, diabetes, and history of cancer were independently 
associated with mortality during the follow-up period. 
Manghelli et al. estimated survival stratified both by age and 
by the presence of diabetes and/or heart failure in a mixed 
aortic and mitral valve replacement patient cohort (13). The 
authors reported that only young dialysis patients without 
diabetes and heart failure had a >50% estimated 5-year 
survival. This was largely confirmed in the present study 
where only patients without diabetes and/or heart failure 
had an expected life expectancy >5 years, Figure 4. 

Concomitant CABG was not significantly associated 
with inferior unadjusted survival in the present study. 
The preoperative characteristics of this group of patients 
did not differ much compared to the group of patients 
undergone isolated AVR (Table S2). This suggests that the 
presence of coronary artery disease is less decisive for long-
term survival than the renal disease per se and also than 
other comorbid conditions, including heart failure. The 
present result is at odds with the smaller studies of Fukui 
et al. and Horst et al., who found that concomitant CABG 
was associated with inferior long-term survival (11,22). The 
difference between these results and ours may be explained 
by discrepant characteristics between the study cohorts. 
The cohort of patients in our study was markedly larger 

and enrolled in more recent years compared to the ones in 
Fukui et al. and Horst et al. (11,22). 

The present study has both strengths and limitations. 
Strengths include the comparatively large nationwide 
study population, consisting only of AVR patients, with 
and without concomitant CABG. Furthermore, data was 
collected from validated registries and databases and none of 
the patients were lost to follow-up. Limitations include the 
ones inherent in retrospective observational studies, such as 
selection bias and unregistered confounders. Lack of access 
to any echocardiographic follow-up limits the more detailed 
study of structural valve deterioration in the biological valve 
group. However, reoperations in the bAVR group were 
sparse, only 2.4% of the patients underwent reoperations 
with either surgical aortic valve replacement (SAVR) or TAVI 
during the limited follow-up period. This argues against that 
severe structural valve deterioration (SVD), necessitating 
reoperation, occurs early after bAVR in dialysis patients. 
Numerically, reoperations were in fact more common in 
mAVR patients (4.9%). Furthermore, improvements of valve 
prostheses over the years may impact the results.

In conclusion, most patients on dialysis requiring 
implantation of biological or mechanical aortic valve 
prosthesis have limited long-term survival. There is no 
significant difference in the adjusted survival and freedom 
from reoperation between dialysis patients receiving a 
biological prosthesis and dialysis patients receiving a 
mechanical prosthesis. The results suggest that a biological 
prosthesis, avoiding systemic anticoagulation, is an adequate 
choice in most patients with end-stage renal disease 
requiring dialysis. 

Table 4 Number of events, events per 100 patient years, and unadjusted and aHRs for deaths, aortic valve reoperations, major bleeding, ischemic 
strokes and myocardial infarction during follow-up in the bioprosthesis and mechanical prosthesis groups 

Variables

Number of events 
(percentage)

Events per 100 patients years 
with 95% CI

Un-aHR, bAVR 
vs. mAVR with 

95% CI
P value

aHR, bAVR vs. 
mAVR with 95% CI

P value

bAVR (n=253) mAVR (n=82) bAVR (n=253) mAVR (n=82)

Death 136 (53.7%) 42 (51.2%) 16.3 (13.7–19.3) 10.6 (7.6–14.3) 1.08 (0.72–1.61) 0.72 1.33 (0.84–2.13)* 0.22

Aortic valve 
reoperation

6 (2.4%) 4 (4.9%) 0.7 (0.3–1.6) 1.1 (0.3–2.7) 0.66 (0.18–2.44) 0.54 – –

Major bleeding 50 (19.8%) 17 (20.7%) 7.0 (5.2–9.2) 5.2 (3.0–8.4) 1.14 (0.65–2.00) 0.64 0.75 (0.39–1.43)** 0.38

Ischemic stroke 29 (11.5%) 9 (11.0%) 3.8 (2.6–5.5) 2.5 (1.1–4.7) 1.25 (0.58–2.70) 0.57 1.09 (0.45–2.63)# 0.84

Myocardial infarction 25 (9.9%) 6 (7.3%) 3.2 (2.1–4.7) 1.6 (0.6–3.5) 1.61 (0.66–4.00) 0.29 1.52 (0.54–4.17)# 0.44

*, adjusted for age, sex, gender, operation year, diabetes, hypertension, heart failure, history of cancer, previous myocardial infarction; **, 
adjusted for age, sex, gender, operation year, diabetes, heart failure; #, adjusted for age, sex, operation year. bAVR, biological aortic valve 
replacement; mAVR, mechanical aortic valve replacement; aHR, adjusted hazard ratio; CI, confidence interval. 
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