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Abstract
Background: Limited information is available on outcomes in patients with bicuspid aortic valve (BAV) 
stenosis undergoing transcatheter aortic valve implantation (TAVI) compared with surgical aortic valve 
replacement (SAVR), as pivotal randomised trials excluded patients with BAV pathology due to anatomic 
complexity.
Aims: The aim of the study was to compare early outcomes between TAVI and SAVR in patients with BAV 
stenosis.
Methods: We queried the Nationwide Readmission Database (NRD) between 2016 and 2018 to identify 
adults who underwent TAVI or SAVR for BAV stenosis. The study’s primary outcome was in-hospital mor-
tality. Secondary outcomes were 30-day and six-month major adverse cardiovascular events (MACE). We 
matched both cohorts using propensity score matching, and applied logistic and Cox-proportional hazard 
regression to compute the odds ratio (OR), the hazard ratio (HR), and the 95% confidence interval (CI).
Results: Out of 17,068 patients with BAV stenosis, 1,629 (9.5%) patients underwent TAVI and 15,439 
(90.5%) underwent SAVR. After propensity score matching (PSM), we found 1,393 matched pairs. Of 
the matched pairs, 848 had complete six-month follow-ups. In the PSM cohort, TAVI was associated with 
reduced in-hospital mortality (0.7% vs 1.8%, OR: 0.35, 95% CI: 0.13-0.93; p=0.035), and a similar rate of 
MACE at 30 days (1% vs 1.5%, OR: 0.65, 95% CI: 0.27-1.58; p=0.343) and at six months (4.2% vs 4.9%, 
HR 0.86, 95% CI: 0.44-1.69; p=0.674), compared with SAVR.
Conclusions: In the propensity score-matched cohort, TAVI was associated with reduced odds of in-hospi-
tal mortality and a similar risk of 30-day and six-month MACE, supporting the feasibility of TAVI in BAV 
patients without a need for concurrent aortic root repair.
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Abbreviations
BAV bicuspid aortic valve
CI confidence interval
HR hazard ratio
OR odds ratio
PSM propensity score matching
SAVR surgical aortic valve replacement
TAVI transcatheter aortic valve implantation

Introduction
Bicuspid aortic valve (BAV) is the most common congenital heart 
disease, with a national prevalence of 0.5% to 2% across the pop-
ulation of the United States1. BAV is commonly associated with 
various complications such as aortic valve stenosis, regurgitation, 
endocarditis, aortic aneurysm, and aortic dissection1. BAV stenosis 
typically presents at a younger age compared with tricuspid aor-
tic stenosis. Among patients with BAV stenosis, 12% to 37% of 
patients develop moderate or severe aortic stenosis with or with-
out aortic regurgitation along the disease course2. Currently, sur-
gical aortic valve replacement (SAVR) is considered an optimal 
management strategy for BAV stenosis, as these cohorts are com-
paratively younger than their tricuspid counterparts, and surgical 
management may also involve aortic root repair3.

Transcatheter aortic valve implantation (TAVI) is non-inferior 
to SAVR with regard to short- and intermediate-term mortal-
ity when treating severe symptomatic aortic stenosis in patients 
with a tricuspid aortic valve, irrespective of the surgical risk4,5. 
The current American College of Cardiology (ACC)/American 
Heart Association (AHA) guidelines state that “in patients with 
BAV and symptomatic, severe aortic stenosis, TAVI may be con-
sidered as an alternative to SAVR after consideration of patient-
specific procedural risks, values, trade-offs, and preferences, and 
when the surgery is performed at a comprehensive valve center”4. 
The randomised controlled trials (RCTs) on TAVI have tradition-
ally excluded patients with BAV morphology, given the concern 
for higher post-procedure complication rates due to their anatomi-
cal uniqueness. Few studies have investigated the role of TAVI 
in BAV stenosis and demonstrated favourable outcomes, espe-
cially with the utilisation of newer-generation devices6,7. There is 
a dearth of RCTs investigating the role of TAVI versus SAVR in 
BAV. It is imperative to study the outcomes in real-world patients 
with BAV stenosis undergoing TAVI versus SAVR. We compared 
early outcomes and resource utilisation between TAVI and SAVR 
among patients with BAV stenosis from real-world data.

Methods
DATA SOURCE
We obtained the study population from the Nationwide Readmission 
Database (NRD) from 2016 to 2018. NRD is an all-payer database 
sponsored by the Healthcare Cost and Utilization Project, a health-
care body established by the Agency for Healthcare Research 
and Quality. NRD includes the data derived from US hospi-
tals in 28 geographically dispersed states, designed to represent 

approximately 58.7% of all US hospitalisations. The NRD utilises 
a de-identified unique number for tracking each patient and deter-
mines readmissions across hospitals within a calendar year. The 
present study was deemed exempt from the Cleveland Clinic insti-
tutional review board as the database contained de-identified data-
sets with prior ethical committee approval. This study followed the 
reporting guidelines specified by the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) statement8.

STUDY POPULATION
We queried the NRD using the International Classification of 
Diseases, Tenth Revision, Procedure Coding System (ICD-10-
PCS) codes to identify all adults who underwent TAVI or SAVR 
(n=370,196). We summarised the ICD-10 codes used to identify 
the study sample in Supplementary Table 1, which were utilised in 
a previous study9,10. We excluded patients who underwent concom-
itant coronary artery bypass grafting (CABG), mitral, pulmonary 
and tricuspid valve surgeries, atrial septal defect repair, ventricu-
lar septal defect repair, and aortic root surgery to identify patients 
with isolated aortic valve replacement, reducing the possibility of 
a selection bias toward SAVR (n=246,158). Further, we excluded 
patients with isolated aortic valve regurgitation, age <18 years, 
missing length of stay, and those discharged in December to allow 
for a complete 30-day follow-up period. International Classification 
of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) 
codes for bicuspid/congenital aortic valve were further applied to 
arrive at our final cohort of patients (n=17,068) with BAV stenosis 
who underwent isolated TAVI (n=1,629) or SAVR (n=15,439). The 
flow diagram for patient selection has been summarised in Figure 1.

PATIENT AND HOSPITAL CHARACTERISTICS
We utilised NRD variables for patients’ age, gender, median 
household income for patients’ ZIP code, the primary payer, and 
type of admission (elective/non-elective)11. We used the Elixhauser 
comorbidity variables to include hypertension, diabetes, hyperlip-
idaemia, peripheral vascular disease, smoking, obesity, chronic 
heart failure, pulmonary circulation disorder, chronic pulmonary 
disease, chronic renal failure, chronic liver disease, cancer, and 
coagulopathy. ICD-10-CM codes were used to define the prior 
history of myocardial infarction (MI), stroke/transient ischaemic 
attack (TIA), atrial fibrillation, prior history of percutaneous cor-
onary intervention (PCI), prior history of CABG, carotid artery 
disease, and history of defibrillator/pacemaker implantation. The 
ICD-10 codes used to identify these variables are summarised 
in Supplementary Table 1. We used NRD’s hospital variables to 
identify hospital size according to the number of beds, teaching 
status, hospital location, and procedural volume. The procedural 
volume at each hospital was calculated by adding all the weighted 
admissions with SAVR or TAVI, then classifying them into quin-
tiles (first [smallest], second, third, fourth, and fifth [largest]). 
Hospitals that fall in the fifth quintile were considered high proce-
dural volume hospitals, and hospitals that fall in the first to fourth 
quintile were considered low procedural volume hospitals.
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STUDY OUTCOMES
The study’s primary outcome was in-hospital mortality. Secondary 
outcomes were short-term (30-day) and medium-term (six-month) 
major adverse cardiovascular events (MACE). MACE was a com-
posite of all-cause mortality during readmission, stroke read-
mission, and cardiovascular (CV) hospitalisation. Readmission 
outcomes were identified by applying ICD-10 codes to the pri-
mary diagnosis field of readmission. For 30-day/six-month out-
comes, we defined time-to-event as the time from the discharge 
date of the index admission to the occurrence of an event. In case 
of multiple events, only the first hospitalisation after the index 
admission was counted. Other in-hospital outcomes included 
were discharge disposition to home (compared with other facili-
ties), acute stroke, major bleeding, vascular complications, acute 
kidney injury (AKI), cardiorespiratory complications, permanent 
pacemaker implantation, valvular complications, paravalvular 
leak, the need for cardiothoracic procedure, post-procedure length 
of stay (LOS), and cost. Major bleeding was defined as bleed-
ing requiring blood transfusion. Post-procedure LOS was calcu-
lated by subtracting the time to procedure from the given LOS 
for that admission. The ICD-10 codes used to identify these out-
comes are summarised in Supplementary Table 1. Short-term 
(30-day)/medium-term (six-month) outcomes included all-cause 

readmission, CV hospitalisation, all-cause mortality, stroke, per-
manent pacemaker implantation, and valvular complications. CV 
hospitalisation included hospitalisation due to myocardial infarc-
tion, heart failure, or arrhythmia. Arrhythmia events were defined 
as a composite of ventricular tachycardia, fibrillation, supraven-
tricular tachycardia, atrial flutter, or complete heart block. We 
calculated hospital costs by multiplying hospital charges by the 
corresponding cost-to-charge ratio. All costs were adjusted for the 
inflation/consumer price index. Thirty-day and six-month mortal-
ity included death during readmission. Out-of-hospital death was 
not covered in the database. Definitions of other outcomes are 
described in the Supplementary Appendix.

STATISTICAL ANALYSIS
We presented categorical variables as numbers and percentages 
and continuous variables as means with standard deviation or 
median with interquartile range (IQR). Categorical variables were 
compared between the two groups using the chi-square and Fisher 
exact tests. Continuous variables with normal distribution were 
compared using the Student’s t-test, and those not normally dis-
tributed were compared using Wilcoxon rank-sum test.

We generated two propensity score-matched cohorts for patients 
who underwent TAVI or SAVR: one for in-hospital, short-term 
outcomes, and the other for medium-term outcomes, in order to 
have complete 30-day and six-month follow-ups for all patients. 
A propensity score was generated using all covariates described 
in Table 1 including patient demographics, comorbidities, hospi-
tal characteristics, admission type, primary payer, and household 
income through multivariable logistic regression. Patients with 
similar propensity scores in the two groups were matched using 
a 1-to-1 scheme without replacement using a greedy method. 
Maximum propensity score differences (calliper width) of 0.1 
were permitted between matched pair observations in various 
models to keep standardised differences to less than 10%. Patients 
without matched observations were excluded. The appropriate-
ness of all models was assessed by receiver operating characteris-
tic curve/C-statistic, which was 0.86 as shown in Supplementary 
Figure 1, Supplementary Figure 2. The standardised difference 
was used to assess the balance of variables between two matched 
cohorts and was depicted graphically (Supplementary Figure 3, 
Supplementary Figure 4). In calculating 30-day and six-month 
outcomes, we excluded patients who died in hospital.

We applied univariate logistic regression for in-hospital and 
30-day outcomes to compute the odds ratio (OR) with 95% con-
fidence interval (CI) in the matched cohort. We applied univari-
ate Cox-proportional hazard regression for six-month outcomes to 
compute the hazard ratio (HR) with 95% CI. The proportionality 
assumption was not violated for the Cox model for any outcomes, 
with the global test p-value being more than 0.05. For LOS and 
cost, we applied a generalised linear model with logit link and 
gamma distribution to compute the OR with 95% CI. Kaplan-
Meier curves were constructed for six-month MACE and 30-day/
six-month all-cause readmission.

Excluded (N=124,038)
– Concomitant CABG, mitral valve, pulmonary valve,

tricuspid valve surgery; ASD, VSD repair
– Isolated aortic regurgitation
– Concomitant aortic root repair

Excluded (N=229,098)
– Age < 18 years
– Discharge month December
– Missing length of stay
– Tricuspid aortic valve

NRD hospitalisation receiving
TAVI or SAVR

Isolated aortic valve repair
(N=246,158)

Isolated aortic valve repair in
bicuspid aortic stenosis

(N=17,060)

370,196 hospitalisations

TAVI
(N=1,629)

TAVI
(N=1,393)

SAVR
(N=15,439)

SAVR
(N=1,393)

1:1 matching

Figure 1. Patient selection flow diagram. ASD: atrial septal defect; 
CABG: coronary artery bypass graft; NRD: nationwide readmission 
database; SAVR: surgical aortic valve replacement; 
TAVI: transcatheter aortic valve implantation; VSD: ventricular 
septal defect
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Table 1. Baseline characteristics in patients with bicuspid aortic valve stenosis before and after propensity score matching.

Before matching After matching
SMDTAVI

1,629
SAVR

15,439
p-value

TAVI
1,393

SAVR
1,393

p-value

Age (mean, SD) 69.6 (11.4) 58.5 (12.4) <0.001 68.3 (10.1) 68.1 (8.6) 0.790 0.9

Gender Male 1,038 (63.7%) 10,617 (68.8%)
0.003

867 (62.2%) 858 (61.6%)
0.571 1.1

Female 591 (36.3%) 4,822 (31.2%) 526 (37.8%) 535 (38.4%)

Primary 
payer*

Medicare/Medicaid 1,171 (71.9%) 6,342 (41.1%)
<0.001

991 (71.1%) 1,022 (73.4%)
0.738 6.0

Private insurance 458 (28.1%) 9,097 (58.9%) 402 (28.9%) 371 (26.6%)

Median 
household 
income$

0-25th 324 (19.9%) 2,778 (18.0%)

0.573

290 (20.8%) 263 (18.9%)

0.834 7.3
26-50th 417 (25.6%) 4,165 (27.0%) 360 (25.9%) 338 (29.1%)

51-75th 482 (29.6%) 4,530 (29.3%) 407 (29.2%) 406 (29.1%)

76-100th 374 (22.9%) 3,767 (24.4%) 328 (23.6%) 344 (24.7%)

Comorbidities

Hypertension 1,307 (80.2%) 10,509 (68.1%) <0.001 1,098 (78.8%) 1,053 (75.6%) 0.538 3.5

Diabetes 495 (30.4%) 2,907 (25.2%) <0.001 391 (28.0%) 410 (29.4%) 0.483 3.0

Hyperlipidaemia 1,018 (62.5%) 7,998 (25.2%) <0.001 870 (62.5%) 885 (63.5%) 0.602 1.3

Peripheral vascular disease 443 (27.2%) 3,883 (25.2%) 0.251 368 (26.4%) 355 (25.5%) 0.887 2.0

Stroke/TIA 128 (7.9%) 654 (4.2%) <0.001 94 (6.8%) 95 (6.8%) 0.875 1.1

Chronic heart failure 1,143 (70.2%) 4,755 (30.8%) <0.001 935 (67.1%) 920 (66.0%) 0.96 0.8

Atrial fibrillation 358 (22.0%) 2,742 (17.8%) 0.001 305 (21.9%) 309 (22.2%) 0.829 1.3

Prior PCI 205 (12.6%) 586 (3.8%) <0.001 142 (10.2%) 135 (9.7%) 0.978 1.4

Prior CABG 156 (9.6%) 220 (1.4%) <0.001 81 (5.8%) 94 (6.7%) 0.36 6.9

Obesity 345 (21.2%) 3,894 (25.2%) 0.033 319 (22.9%) 326 (23.4%) 0.8 2.1

Chronic pulmonary disease 529 (32.5%) 2,670 (17.3%) <0.001 436 (31.3%) 400 (28.7%) 0.636 3.0

Chronic renal failure 455 (27.9%) 1,246 (8.1%) <0.001 332 (23.8%) 332 (23.8%) 0.965 4.8

Chronic liver disease 143 (8.7%) 495 (3.2%) <0.001 116 (8.3%) 116 (8.3%) 0.751 2.1

Smoking 608 (37.3%) 4,748 (30.8%) <0.001 512 (36.8%) 478 (34.3%) 0.354 2.4

Carotid artery disease 80 (4.9%) 275 (1.8%) <0.001 52 (3.7%) 65 (4.7%) 0.218 4.9

Pulmonary circulation disorder 326 (20.0%) 1,289 (8.3%) <0.001 241 (17.3%) 250 (18.0%) 0.673 3.0

History of pacemaker/defibrillator 132 (1.2%) 320 (2.1%) <0.001 84 (6%) 79 (5.7%) 0.747 1.2

Hospital bed 
size#

Small/medium 326 (20.0%) 3,944 (25.5%)
0.005

283 (20.3%) 302 (21.7%)
0.2114 8.1

Large 1,270 (78.0%) 11,297 (73.2%) 1,110 (79.7%) 1,091 (78.3%)

Teaching 
status@

Teaching hospital 1,447 (88.8%) 13,430 (87.0%)
0.173

1,266 (90.9%) 1,243 (89.2%)
0.376 6.6

Non-teaching hospital 182 (11.2%) 2,009 (13.0%) 127 (9.10%) 150 (10.80%)

Hospital 
location%

Urban hospitals 1,037 (63.7%) 9,422 (61.0%)
0.206

894 (64.2%) 922 (66.2%)
0.535 0.5

Non-urban hospital 592 (36.3%) 6,017 (39.0%) 499 (70.1%) 471 (33.8%)

Hospital 
procedure 
volume

Low volume (<30) 457 (28.1%) 6,061 (39.3%)
<0.001

416 (29.9%) 447 (32.1%)
0.457 2.4High volume (≥30) 1,172 (72.0%) 9,377 (60.7%) 977 (70.1%) 946 (67.9%)

Type of 
admission

Elective 1,243 (76.3%) 12,654 (82.0%)

<0.001

1,078 (77.4%) 1,052 (75.5%)

0.444 3.7Non-elective 386 (23.7%) 2,785 (18.0%) 315 (22.6%) 341 (24.5%)

Preprocedure LOS, 
median (IQR) 0 (0-1) 0 (0-0)

* Medicare includes both fee-for-service and managed care Medicare patients. Medicaid includes both fee-for-service and managed care Medicaid 
patients. Private insurance (PAY1=3) includes Blue Cross, commercial carriers, and private HMOs and PPOs. (https://www.hcup-us.ahrq.gov/db/vars/
pay1/nrdnote.jsp); $a quartile classification of the estimated median household income of residents within the patients’ zip code (https://www.hcup-us.
ahrq.gov/db/vars/zipinc_qrtl/nrdnote.jsp); #The bed size cut-off points divided into small, medium, and large have been done so that approximately 
one-third of the hospitals in a given region, location, and teaching status combination would fall within each bed size category (https://www.hcup-us.
ahrq.gov/db/vars/hosp_bedsize/nrdnote.jsp); @A hospital is considered to be a teaching hospital if it has an American Medical Association–approved 
residency program ( https://www.hcup-us.ahrq.gov/db/vars/hosp_ur_teach/nrdnote.jsp); %Urban-rural designation of the hospital and is based on the 
county of the hospital, as identified by the American Hospital Association. The four-level categorisation is a simplified adaptation of the urban influence 
codes (UIC). The 12 categories of the UIC are combined into four broader categories that differentiate between large and small metropolitan, 
micropolitan, and a non-urban residual. (https://www.hcup-us.ahrq.gov/db/vars/hosp_urcat4/nrdnote.jsp). CABG: coronary artery bypass graft; 
LOS: length of stay; PCI: percutaneous coronary intervention; SAVR: surgical aortic valve replacement; SD: standard deviation; SMD: standardised mean 
difference; TAVI: transcatheter aortic valve implantation; TIA: transient ischaemic attack
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SENSITIVITY ANALYSIS
In 1:1 matching, many patients were excluded from the analysis. 
Hence, we applied the inverse probability of treatment weighting 
(IPTW) method to check for the robustness of our results for pri-
mary outcome in-hospital mortality.

UNMEASURED BIAS ANALYSIS
We conducted previously validated falsification endpoint and 
“E-value” analysis to evaluate the robustness of our findings12-14. 
In the falsification method, we selected an alternative outcome 
that may not have been expected to be causally affected by the 
treatment being studied. Then, we assessed if study intervention 
(TAVI) affected alternative outcomes by using a similar method 
to assess for other study outcomes. If no treatment effect was 
seen for the alternative outcome, it implied balanced unmeas-
ured covariates between the two groups. We chose the composite 
of pneumonia, gastrointestinal infection and urinary tract infec-
tion readmission as an alternative outcome and studied the effect 
of interventions. The E-value identified the minimum strength of 
association that unmeasured confounders may need to have had, 
with both treatment and outcome conditional on measured covari-
ates, to fully explain the observed association. This estimated what 
the relative risk may have to be for any unmeasured confounder 
to overcome the observed association of study intervention with 
study outcomes.

All p-values were two-sided, with p<0.05 considered as statis-
tically significant. All statistical analyses were conducted using 
appropriate weighting, stratifying, and clustering samples, using 
the svy package of Stata, version 16.1 (StataCorp).

Results
A total of 17,068 patients who underwent SAVR or TAVI for 
BAV stenosis between 2016 and 2018 were identified. Of these 
patients identified, 15,439 (90.5%) underwent SAVR compared 
with 1,629 patients (9.5%) who had TAVI (Table 1). After match-
ing, 1,393 matched pairs were found with an entire 30-day follow-
up and 848 matched pairs were found with an entire six-month 
follow-up.

BASELINE CHARACTERISTICS
Table 1 shows baseline characteristics of TAVI and SAVR patients 
before and after matching. Before matching, the TAVI population 
was older (mean/SD age [years]: 69.6±11.4 vs 58.5±12.4; p<0.001) 
and had more female patients (31.2% vs 36.3%; p=0.003) than 
SAVR. TAVI was performed more commonly in patients with 
Medicare/Medicaid than SAVR. TAVI had a higher prevalence 
of all comorbidities, except obesity, which was higher in SAVR. 
TAVI was performed more frequently in high volume and large 
hospitals (based on bed size) than SAVR. More TAVI was per-
formed as a non-elective procedure than SAVR (23.7% vs 18%; 
p<0.001). Median household income, frequency of peripheral vas-
cular disease, and teaching hospital and urban hospital status were 
similar between TAVI and SAVR.

IN-HOSPITAL OUTCOMES
Patients undergoing TAVI compared with SAVR were assoc-
iated with lower odds of in-hospital death (0.7% vs 1.8%, respec-
tively, OR: 0.35, 95% CI: 0.13-0.93; p=0.035). TAVI patients 
were more likely to be discharged home (vs other facilities) than 
SAVR (TAVI: 74.2% vs SAVR: 34.9%, OR: 2.05, 95% CI: 1.79-
2.34; p<0.001). Patients undergoing TAVI were associated with 
decreased odds of major bleeding (TAVI: 2.5% vs SAVR: 10.5%, 
OR: 0.22, 95% CI: 0.13-0.36; p<0.001), vascular complications 
(TAVI: 1.4% vs SAVR: 2.9%, OR: 0.47, 95% CI: 0.21-1.03; 
p=0.059), AKI (TAVI: 11.1% vs SAVR: 20.2%, OR: 0.48, 95% 
CI: 0.35-0.65; p<0.001), cardiorespiratory complications (TAVI: 
8.1% vs SAVR: 20.1%, OR: 0.34, 95% CI: 0.24-0.48; p<0.001), 
and need for post-procedure cardiothoracic procedure (TAVI: 
0.6% vs SAVR: 2.5%, OR: 0.21, 95% CI: 0.06-0.69; p=0.010). 
TAVI was associated with 43% shorter LOS compared with SAVR 
(TAVI: two days vs SAVR: six days, OR: 0.57, 95% CI: 0.49-
0.65; p<0.001). However, TAVI was associated with higher odds 
of pacemaker implantation (TAVI: 11.8% vs SAVR: 8.6%, OR: 
1.55, 95% CI: 1.04-2.31; p=0.033) compared with SAVR. There 
were no differences in odds of in-hospital stroke, valvular compli-
cation, and cost between TAVI and SAVR (Table 2).

SHORT-TERM (30 DAYS), MEDIUM-TERM (SIX MONTHS) 
OUTCOMES
There was no difference in 30-day/six-month MACE (30-day, 
TAVI: 1.0% vs SAVR: 1.5%, OR: 0.65, 95% CI: 0.27-1.58; 
p=0.343; six-month, TAVI: 4.2% vs SAVR: 4.9%, HR: 0.86, 95% 
CI: 0.44-1.69; p=0.674) between TAVI and SAVR (Table 3). 
There was no difference in risk of all-cause readmission (30-
day, TAVI: 11.3% vs SAVR: 11.9%, OR:0.92, 95% CI: 0.63-
1.36; p=0.684; six-month, TAVI: 15% vs SAVR: 15.1%, OR: 1.0, 
95% CI: 0.69-1.45; p=0.998), CV hospitalisation, all-cause mor-
tality, stroke, and valvular complication between the two groups 
at 30 days and six months. However, TAVI was associated with 
a higher risk of pacemaker implantation at 30 days (TAVI: 2.2% 
vs SAVR: 0.2%; p=0.006). Figure 2A-Figure 2C demonstrate the 
Kaplan-Meier curves for six-month MACE and 30-day/six-month 
all-cause readmission.

SENSITIVITY ANALYSIS RESULT
We assessed in-hospital mortality using the IPTW doubly robust 
method, and the result did not change (OR: 0.43, 95% CI: 0.23-
0.94; p=0.026).

UNMEASURED BIAS ANALYSIS
The falsification endpoint was similar between the two groups (30-
day falsification, TAVI: <10, SAVR: <10; p=0.688; six-month falsifi-
cation, TAVI: <10, SAVR: <10; p=0.783). In the “E-value” analysis, 
the observed OR of 0.35 for in-hospital mortality could be explained 
by an unmeasured confounder that was associated with both the 
treatment and the outcome by a relative risk of 5.16-fold each above 
the measured confounders, but weaker confounding could not do so.
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Discussion
The largest nationally representative data were queried from 
2016 to 2018 to report in-hospital and 30-day/six-month clini-
cally important outcomes and resource utilisation among patients 

with BAV stenosis undergoing TAVI compared with SAVR. Our 
study highlighted that most patients with BAV stenosis under-
went SAVR, and only a small portion of these patients under-
went TAVI. Patients undergoing TAVI were older and had a higher 

Table 2. In-hospital outcomes in TAVI versus SAVR in bicuspid aortic valve stenosis in the propensity score-matched cohort¶.

TAVI
(n=1,393)

SAVR
(n=1,393)

OR 95% CI p-value

Clinical outcomes

Death <10 (0.7%) 26 (1.8%) 0.35 0.13 0.93 0.035

Home discharge vs other facility 1,033 (74.2%) 486 (34.9%) 2.05 1.79 2.34 <0.001

Stroke 41 (2.9%) 45 (3.2%) 0.89 0.48 1.65 0.717

Major bleeding# 35 (2.5%) 145 (10.5%) 0.22 0.13 0.36 <0.001

Vascular complication 20 (1.4%) 40 (2.9%) 0.47 0.21 1.03 0.059

AKI 154 (11.1%) 282 (20.2%) 0.48 0.35 0.65 <0.001

Cardiorespiratory complications$ 112 (8.1%) 280 (20.1%) 0.34 0.24 0.48 <0.001

Pacemaker* 155/1,309 (11.8%) 113/1,314 (8.6%) 1.55 1.04 2.31 0.033

Valvular complications 28 (2.1%) 8 (0.6%) 3.48 0.81 14.95 0.093

Paravalvular leak 13 (0.9%) 8 (0.6%) 1.78 0.23 13.90 0.582

Need for cardiothoracic procedure** <10 (0.6%) 35 (2.5%) 0.21 0.06 0.69 0.01

Resource utilisation

Length of stay in days, median (IQR)$$ 2 (1-4) 6 (5-8) 0.57 0.49 0.65 <0.001

Cost in dollar, median (IQR) 52,477
(40,560-68,070)

47,499
(36,744-66,557) 1.01 0.92 1.10 0.85

¶covariates used in propensity matching: age, gender, primary payer, median household income per capita, hypertension, diabetes, hyperlipidaemia, 
stroke/TIA, obesity, prior PCI, prior CABG, carotid disease, peripheral vascular disease, heart failure, atrial fibrillation, chronic pulmonary disease, 
chronic kidney disease, chronic liver disease, smoking, pulmonary circulation disorder, elective admission, hospital procedure volume, hospital location, 
teaching status, bed size; #Major bleeding = postoperative bleeding, haematoma, GI bleeding requiring blood transfusion; $Cardiorespiratory 
complication = cardiac arrest, cardiogenic shock, requirement of vasopressor, mechanical circulatory support, mechanical ventilation; *For calculation 
– we excluded patients with history of pacemaker/defibrillator from denominator; **Cardiothoracic surgery - composite of pericardiotomy, cardiotomy, or 
thoracotomy; $$post-procedure LOS, calculated by subtracting LOS from time to procedure. AKI: acute kidney injury; CI: confidence interval; 
IQR: interquartile range; LOS: length of stay; OR: odds ratio; SAVR: surgical aortic valve replacement; TAVI: transcatheter aortic valve implantation

Table 3. Post-discharge 30-day and six-month outcomes in TAVI vs SAVR in bicuspid aortic valve stenosis in the propensity score 
matched cohort.

Post-discharge 30-day outcome* TAVI (n=1,384) SAVR (n=1,367) OR 95% CI p-value

Major adverse cardiovascular events 14 (1.0%) 21 (1.5%) 0.65 0.27 1.58 0.343

All-cause readmission 157 (11.3%) 162 (11.9%) 0.92 0.63 1.36 0.684

CV hospitalisation 10 (0.7%) 21 (1.5%) 0.45 0.18 1.14 0.093

All-cause mortality during readmission <10 (0.3%) <10 (0.7%) 0.49 0.12 2.09 0.338

Stroke <10 (0.1%) <10 (0.0%) NA

Pacemaker implantation 25/1,148 (2.2%) <10/1,189 (0.2%) NA 0.006

Valvular complication <10 (0%) <10 (0.2%) NA

Post-discharge 6-month outcome** TAVI (n=838) SAVR (n=823) HR 95% CI p-value

Major adverse cardiovascular events 35 (4.2%) 40 (4.9%) 0.86 0.44 1.69 0.674

All-cause readmission 126 (15.0%) 124 (15.1%) 1.0 0.69 1.45 0.998

CV hospitalisation 30 (3.6%) 30 (3.6%) 0.98 0.47 2.06 0.966

All-cause mortality during readmission <10 (0.4%) <10 (0.4%) 1.11 0.1 12.27 0.930

Stroke <10 (0.1%) <10 (0.7%) NA 0.206

Pacemaker implantation <10/721 (1.2%) <10/741 (0.3%) NA 0.093

Valvular complications <10 (0.4%) <10 (0.2%) NA 0.613

For 6 months outcome, patients with only full 6 months follow-up were included in propensity score matching. *Patients discharged alive from index 
admission; **Patients with full 6 months follow-up and discharged alive from index hospitalisation; CI: confidence interval; CV hospitalisation: MI, heart 
failure, arrythmia readmission; HR: hazard ratio; MACE: all-cause mortality, stroke and CV hospitalisation. NA: not able to calculate because of 
insufficient events in outcomes; OR: odds ratio; SAVR: surgical aortic valve replacement; TAVI: transcatheter aortic valve implantation
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percentage of associated comorbidities as expected. In the propen-
sity score-matched cohort, TAVI was associated with a lesser risk 
of in-hospital death, major bleeding, vascular complication, AKI, 
cardiorespiratory complications, need for cardiothoracic proce-
dure, and with shorter hospital stay.  However, it was associated 
with higher odds of post-procedure pacemaker implantation, but 

there was no difference in valvular complications compared with 
SAVR. TAVI was associated with a similar risk of 30-day/six-
month MACE, all-cause readmission, CV hospitalisation, stroke, 
and all-cause mortality but a higher risk of pacemaker implanta-
tion than SAVR (Central illustration).

Lower utilisation of TAVI for the treatment of BAV stenosis 
can be attributed to a current lack of randomised controlled tri-
als comparing the two modes of treatment, and limited obser-
vational studies supporting the use of TAVI in BAV patients, 
due to their varied anatomical features15. BAV stenosis patients 
have a distinct aortic root anatomy, with associated aortopathy 
in nearly 25% of patients, and have a higher risk of aortic leaf-
let complications that increase the risk of procedural complica-
tions and might be associated with lower device success rates3. 
Additionally, BAV stenosis presents at a relatively younger age 
than tricuspid aortic stenosis, and the lack of long-term follow-
up data for TAVI devices may have led to a lower use of TAVI in 
these patients16. Moreover, TAVI was not approved for low-risk 
patients until 2019, which could be the reason that the current 
study reported a lopsided patient distribution between the two 
treatment strategies, and reported older age and higher preva-
lence of comorbidities in TAVI compared with SAVR for BAV 
stenosis.

The findings of our study are in accordance with previously 
published reports for tricuspid aortic valve9,10 replacement. 
Paradoxically, our study reported a higher prevalence of obe-
sity among BAV stenosis patients undergoing SAVR than those 
undergoing TAVI. Similar results were reported in previous stud-
ies in this specific cohort and in patients with aortic stenosis in 
general9,10,17.

Regarding in-hospital outcomes, we reported decreased odds 
of in-hospital death in patients undergoing TAVI compared with 
SAVR. However, a study by Elbadawi et al using the national in-
patient sample (NIS), reported no difference in in-hospital death9. 
The cohort in that study was treated between 2012 and 2016. 
We presume that improved operator skills, a better understand-
ing of patient selection, and enhanced experience in managing 
these complex patient populations might be associated with better 
outcomes over the years. TAVI was associated with lower major 
bleeding, vascular complication, AKI, cardiorespiratory compli-
cation, need for cardiothoracic procedure, and shorter LOS with 
a similar risk of stroke and valvular complication compared with 
SAVR. This suggests that even in high-risk patients with complex 
aortic root anatomy, TAVI was associated with lower morbidity. 
As with TAVI for tricuspid aortic valves, TAVI for BAV is associ-
ated with higher odds of post-procedure pacemaker implantation. 
The increased odds of permanent pacemaker implantation, com-
pared with SAVR, may be explained by factors such as over- or 
under-sizing the transcatheter valve in BAV stenosis patients, dis-
tinct anatomy, asymmetric leaflet calcification making a circular 
adaption of the transcatheter valve difficult, the inherent risk of 
conduction block with TAVI, and minimal experience in the treat-
ment of bicuspid aortic valve18,19.

C
um

ul
at

iv
e 

in
ci

de
nc

e

SAVR
TAVI

TAVI: 4.2%
SAVR: 4.5%
Hazard ratio: 0.86, 95% CI: 0.44-1.69; p=0.674

Number at risk
TAVI 837 813 809 807 806 806 802
SAVR 823 791 789 789 783 783 783

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 30 60 90 120 150 180

Days since discharge

A Major adverse cardiovascular events

C
um

ul
at

iv
e 

in
ci

de
nc

e

SAVR
TAVI

TAVI: 11.3%
SAVR: 11.9%
Odds ratio: 0.92, 95% CI: 0.63-1.36; p=0.684

Number at risk
TAVI 1,384 1,368 1,320 1,285 1,269 1,259 1,245
SAVR 1,367 1,318 1,272 1,236 1,213 1,200 1,188

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 5 10 15 20 25 30

Days since discharge

B 30-day readmission

C
um

ul
at

iv
e 

in
ci

de
nc

e

SAVR
TAVI

TAVI: 15,0%
SAVR: 15.1%
Hazard ratio: 1.0, 95% CI: 0.69-1.45; p=0.998

Number at risk
TAVI 837 753 736 725 717 714 711
SAVR 823 743 726 713 704 700 699

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 30 60 90 120 150 180

Days since discharge

C 6-month readmission

Figure 2. Kaplan-Meier graphs showing TAVI vs SAVR in BAV 
stenosis. A) Major adverse cardiovascular event. B) Thirty-day 
all-cause readmission. C) Six-month all-cause readmission. 
BAV: bicuspid aortic valve; SAVR: surgical aortic valve 
replacement; TAVI: transcatheter aortic valve implantation



EuroIntervention 2
0

2
2

;1
8

:2
3

-3
2

30

We reported similar short-term (30-day) and medium-term (six-
month) MACE, mortality, stroke, CV hospitalisation, and all-cause 
readmission between the two groups. We reported 1% cumulative 
incidence (of in-hospital and 30 days after discharge) of 30-day 
mortality comparable to a recently published single-arm prospec-
tive study in low-risk BAV patients (0.7%)20. The cumulative 
incidence of stroke at 30 days was 3%, comparable to the study 
by Forrest et al (4%)20. The observed similar outcomes between 
the two groups can be attributed to the minimally invasive 
nature of TAVI with few in-hospital complications, prescription 
of antithrombotic therapy, gradually increasing operator experi-
ence, and improved device design. However, TAVI compared with 
SAVR was associated with higher rates of permanent pacemaker 
implantation, probably for similar reasons as elaborated above 
for the increased odds of in-hospital pacemaker implantation. We 
reported a 14% cumulative incidence of pacemaker implantation 
at 30 days in TAVI, comparable to a study by Forrest et al (15%)20. 
The role of supra-annular sizing in tapering aortic root anatomy 
and annular sizing in tubular or flare aortic root configuration in 
patients with bicuspid aortic stenosis should be further studied as 
a preventive strategy for conduction blocks and permanent pace-
maker implantation requirements in these patients21.

Our results showed that TAVI was associated with better in-
hospital and comparable short-term and medium-term (six-month) 
outcomes compared with SAVR in BAV stenosis patients, with 
a slightly higher rate of pacemaker implantation, implying that 
TAVI might be a suitable alternative to SAVR if the long-term 
(5-10 years) outcomes with TAVI valves are satisfactory. We pre-
sume these findings were mostly related to patients with intermedi-
ate or higher surgical risk, as indicated by baseline characteristics 

and the fact that TAVI was not approved for low-risk patients dur-
ing the study period. Moreover, based on the RCTs that showed 
better or comparable outcomes for TAVI in low-risk patients15,22, 
we hypothesise that this will also be true in patients with BAV 
stenosis. The low prevalence of BAV stenosis patients requiring 
surgery will make it challenging to conduct adequately powered 
RCTs in the near future.

Study limitations
The present study has several limitations. The NRD used in the 
present analysis is an administrative database and can be subject 
to coding errors. However, considering the procedural codes used 
to identify our cohort, we anticipate minimal to nil error in coding. 
ICD-10 provides codes not specifically for BAV, but for congeni-
tal aortic valve pathology, which can include both unicuspid and 
BAV. However, since most of these patients have BAV, it would 
be reasonable to take the given codes for BAV pathology. The 
Society of Thoracic Surgeons (STS) risk score, symptomatic sta-
tus of included patients, ejection fraction, echocardiographic find-
ings, intraoperative post-procedural findings, phenotype of BAV, 
aortic annulus diameter, ascending aorta diameter, and prosthetic 
valve size are not captured in the database and can be an impor-
tant determinant of outcomes in these patients. Moreover, NRD 
lacks information on balloon-expandable (BE) or self-expanding 
(SE) TAVI valves. However, a recently published network meta-
analysis showed that both BE and SE valves were associated 
with a similar risk of all-cause mortality, cardiovascular mortal-
ity, stroke, and myocardial infarction but a higher risk of paraval-
vular leak and pacemaker implantation compared with SAVR in 
aortic valve stenosis23. We did not know the type of device used 

11/21/41/81/16 2 4 8

Death 0.35 [0.13-0.94] 0.035
Stroke 0.89 [0.48-1.65] 0.717
Major bleeding 0.22 [0.13-0.37] <0.001
Vascular complication 0.47 [0.21-1.04] 0.059
Acute kidney injury 0.48 [0.35-0.65] <0.001
Cardiorespiratory complications 0.34 [0.24-0.48] <0.001
Pacemaker implantation 1.55 [1.04-2.31] 0.033
Vascular complications 3.48 [0.81-14.95] 0.093
Paravalvular leak 1.78 [0.23-13.84] 0.582
Need for cardiothoracic procedure 0.21 [0.06-0.71] 0.010
Length of stay 0.57 [0.49-0.66] <0.001

Major adverse cardiovascular events 0.85 [0.27-1.57] 0.343
All-cause readmission 0.92 [0.63-1.35] 0.884
CV hospitalisation 0.45 [0.18-1.13] 0.093
Readmission mortality 0.49 [0.12-2.04] 0.338

Major adverse cardiovascular events 0.86 [0.44-1.69] 0.674
All-cause readmission 1.00 [0.69-1.45] 0.998
CV hospitalisation 0.98 [0.47-2.05] 0.966
Readmission mortality 1.11 [0.10-12.30] 0.930
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TAVI had better in hospital and comparable 30-day and 
6-month outcomes after discharge, except for 

a higher need for pacemaker implantation, implying
that TAVI is a safe alternative to SAVR in patients

with bicuspid aortic valve stenosis

Central illustration. Transcatheter versus surgical aortic valve replacement in patients with bicuspid aortic valve. BAV: bicuspid aortic valve; 
SAVR: surgical aortic valve replacement; TAVI: transcatheter aortic valve implantation
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or the prescription and compliance to antithrombotic therapy post-
procedure. Finally, we had no information on the quality of life or 
symptomatic improvement post-procedure in our study, due to the 
limitation of the database.

Despite the unavailability of information on prosthetic valve 
characteristics, BAV morphology or echocardiography parameters, 
the strength of the study lies in a large sample and multi-institu-
tional cohort. Additionally, we applied a falsification endpoint and 
“E-value” method to assess the impact of unmeasured confounders10. 
The “E-value” estimate demonstrated that unmeasured confound-
ers need higher association with both treatment and outcome over 
measured covariates, and successful falsification endpoint analysis 
indicated a low probability of having unbalanced residual confound-
ers that can negate the measured effect. Hence, there is a low proba-
bility that results could be different if other variables were available.

Conclusions
In a nationwide, multicentre, propensity score-matched cohort 
study, TAVI was associated with reduced in-hospital mortality and 
morbidity, with similar early (30-day/six-month) MACE outcomes 
among BAV stenosis patients compared with SAVR. However, 
a need for permanent pacemaker implantation remains elevated 
with TAVI for these patients without any difference in valvular 
complications. The study supports the feasibility of TAVI in BAV 
patients who do not require concurrent aortic root repair, as an 
alternative to SAVR. However, the study results should be inter-
preted cautiously as anatomical information on the native and 
prosthetic valves was not available. RCTs will provide better clar-
ity for the role of TAVI in patients with BAV stenosis.

Impact on daily practice
The RCTs on TAVI have traditionally excluded patients with 
BAV morphology due to anatomical complexities and concerns 
of higher complications with BAV morphology. TAVI was asso-
ciated with lower in-hospital mortality, morbidities, and shorter 
LOS. There are no differences in short-term and medium-term 
MACE, mortality, stroke, CV hospitalisation, and readmission. 
The study supports the feasibility of TAVI as an alternative to 
SAVR in BAV patients who do not require concurrent aortic 
root repair. However, TAVI was associated with a higher pace-
maker implantation rate than SAVR in patients with BAV ste-
nosis. Randomised clinical trials in BAV patients with longer 
follow-up are required to confirm these findings.
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Supplementary data 

 

Supplementary Appendix. Definitions of in-hospital outcomes. 

Stroke – composite of acute ischaemic, acute post-operative and acute haemorrhagic stroke. 

Major bleeding – a composite of gastrointestinal bleeding, post-operative bleeding, unspecified 

bleeding requiring blood transfusion. 

Cardio-respiratory complication – composite of pneumothorax, other respiratory 

complications including aspiration pneumonia, need of mechanical ventilation, post-procedural 

cardiogenic shock, use of vasopressors, use of mechanical circulatory support, cardiac arrest, 

cardiac tamponade, pericardial effusion, haemopericardium, pericardiocentesis, cardiotomy, 

pericardiotomy, thoracotomy 

Bioprosthetic valvular complication – a composite of paravalvular leak, displacement of valve, 

infection of valve, breakdown of valve, unspecified valve complications 

Cardiothoracic procedure - a composite of cardiotomy, pericardiotomy, thoracotomy 

 

 

 

  



Supplementary Table 1. ICD-10-CM/PCS CODES. 

 

Variables ICD-10-CM Codes 

Coronary artery bypass surgery 02100, 02110, 02120, 02130 

Mitral valve surgery 02UG07Z, 02NG0ZZ, 027G04Z, 02QG0ZZ, 

02UG08Z, 02UG0JZ, 02UG0KZ, 025G0ZZ, 

027G0DZ, 027G0ZZ, 02BG0ZX, 02BG0ZZ, 

02RG07Z, 02RG08Z, 02RG0JZ, 02RG0KZ, 

02VG0ZZ, 02CG0ZZ, 02WG07Z, 02WG08Z, 

02WG0JZ, 02WG0KZ 

Tricuspid valve surgery 02WH0KZ, 02WH07Z, 02WH0JZ, 027H04Z, 

02RH08Z, 02TH0ZZ, 02RH0JZ, 02RH07Z, 

02BH0ZZ, 02BH0ZX, 027H0ZZ, 027H0DZ, 

025H0ZZ, 02UH0KZ, 02UH0JZ, 02UH08Z, 

02UH07Z, 02QH0ZZ, 02NH0ZZ 

Pulmonary valve surgery 02UJ0KZ, 027J04Z, 02NJ0ZZ, 02QJ0ZZ, 

02UJ07Z, 02UJ08Z, 02UJ0JZ, 027J0DZ, 

027J0ZZ, 02BJ0ZX, 02BJ0ZZ, 02RJ07Z, 

02RJ0JZ, 02CJ0ZZ, 027J04Z, 02RJ08Z, 

02RJ0KZ, 02WJ08Z, 02WJ0JZ, 02WJ07Z, 

02WJ0KZ 

Atrioventricular septum closure 02Q5, 02QM 

Bicuspid aortic valve Q23.0, Q23.1 

Aortic regurgitation I06.1,  I35.1 

Transcatheter aortic valve replacement 02RF37Z, 02RF37H, 02RF38Z 02RF38H, 

02RF3JZ, 02RF3JH, 02RF3KZ 02RF3KH 

Surgical aortic valve replacement 02RF08Z, 02RF0KZ 02RF07Z, 02RF0JZ, 

X2RF032, 02RF47Z, 02RF48Z, 02RF4KZ, 

02RF4JZ 

Prior MI I25.2 

Prior PCI Z98.61 

Prior CABG Z95.1 

Prior pacemaker  Z950 

Stroke/TIA I69.3, Z86.73 

Atrial fibrillation I48, I48.0, I48.1, I48.2, I48.4, I48.91 

Outcomes 

Respiratory complication  

Pneumothorax J95.811 

Other iatrogenic respiratory complications 

(including post-operative aspiration 

pneumonia) 

J95.89, J95.88 

AKI  N170, N171, N172, N178, N179, N19, N990, R34 

Cardiothoracic surgery  

https://www.icd10data.com/ICD10CM/Codes/I00-I99/I05-I09/I06-/I06.0


Pericardiotomy 02CN0ZZ 02NN0ZZ 0W9D00Z 0W9D0ZX 

0W9D0ZZ 0WCD0ZZ 

Cardiotomy 02C60ZZ 02C70ZZ 02C80ZZ  02C90ZZ 

02CK0ZZ 02CL0ZZ 02PA0YZ 02WA0YZ 

Thoracotomy 0W9800Z 0W980ZZ 0W9830Z 0W983ZZ 

0W9840Z 0W984ZZ 02JA0ZZ 0WJC0ZZ 

0W9C00Z 0W9C0ZZ 0WCC0ZZ 

Pericardial complications  

Cardiac tamponade I314 

Haemopericardium I312 

Need pericardiocentesis 0W9C30Z, 0W9C3ZZ 

0W9D30Z, 0W9D3ZX, 0W9D3ZZ 

0W9D40Z, 0W9D4ZX, 0W9D4ZZ 

Post-procedural cardiogenic shock T8111x 

In-hospital cardiac arrest 5A12012 

Mechanical ventilation >24 hrs 5A1955Z, 5A1945Z 

Vasopressor use 3E030XZ, 3E033XZ, 3E040XZ, 3E043XZ, 

3E050XZ, 3E053XZ, 3E060XZ, 3E063XZ 

Acute stroke  

Intracranial bleed I60, I61, I62,  

I690, I691, I692 

Systemic embolism I63, G46  

Haemorrhagic stroke I61, I629 

Postoperative stroke or TIA I97810, I97811, I97820, I97821 

Valve related complications  

Paravalvular leak (regurgitation) of valve T8203, T82223 

Displacement of valve T8202, T82222 

Infection of valve T826 

Breakdown of valve T8201, T82221 

Unspecified valve complications T8209, T82228 

Bleeding  

Postoperative-haemorrhage or haematoma 
I97418, I97618, I97620, I97621, I97638, D62, 

L7602, L7622, L7632, M96811, M96831, 

M96841 

Blood transfusion 

30243N0  30243N1  30243P0  30243P1  

30243H0  30243H1  30240N0  30240N1  

30240P0  30240P1 30240H0  30240H1   

30230H0  30230H1  30230N0  30230N1  

30230P0  30230P1  30233N0  30233N1  

30233P0  30233P1 

Haemoperitoneum K66.1 

GI bleed 

K2211, K250, K252, K254, K256, K2901, 

K2921, K2931, K2941, K2951, 

K2961, K2971, K2981, K2991, K260, K262, 

K264, K266, K270, K272, K274, 

K276, K5701, K5711, K5713, K5721, K5731, 

K5733, K5741, K5751, K5753, 

http://www.icd10data.com/ICD10PCS/Codes/3/0/2/4/30243N0
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/4/30243N1
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/4/30243P0
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/4/30243P1
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/4/30243H0
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/4/30243H1
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/4/30240N0
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/4/30240N1
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/4/30240P0
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/4/30240P1
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/4/30240H0
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/4/30240H1
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/3/30230H0
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/3/30230H1
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/3/30230N0
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/3/30230N1
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/3/30230P0
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/3/30230P1
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/3/30233N0
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/3/30233N1
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/3/30233P0
http://www.icd10data.com/ICD10PCS/Codes/3/0/2/3/30233P1


K5781, K5791, K5793, K51011, K51211, 

K51311, K51411, K51511, 

K51811, K51911, K50011, K50111, K50811, 

K50911, K625, K5521 

Unspecified haemorrhage R58 

  



 

 

Supplementary Figure 1. Receiver operating curve for propensity score-matched model for in-

hospital and 30-day outcomes. 

 

 



 

 

 

Supplementary Figure 2. Receiver operating curve for propensity score matched-model for six-

month outcomes. 

 

 



 

 

 

Supplementary Figure 3. Balancing of covariates in propensity score model for in-hospital and 

30-day outcomes. 

  



 

 

 

Supplementary Figure 4. Balancing of covariates in propensity score model for six-month 

outcomes. 


