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BACKGROUND Interracial differences in the distribution and prognostic value of conventional Society of Thoracic

Surgeons (STS) score on long-term mortality after transcatheter aortic valve replacement (TAVR) are uncertain.

OBJECTIVES This study aims to compare the impact of STS scores on clinical outcomes at 1-year after TAVR between

Asian and non-Asian populations.

METHODS We used the Trans-Pacific TAVR (TP-TAVR) registry, a multinational multicenter, observational registry

involving patients undergoing TAVR at 2 major centers in the United States and 1 major center in Korea. Patients were

classified into 3 groups (low, intermediate, and high-risk) according to the STS score and compared between STS risk

groups and race. The primary outcome was all-cause mortality at 1-year.

RESULTS Among 1,412 patients, 581 were Asian and 831 were non-Asian. The distribution of the STS risk score group

was different between Asian and non-Asian groups (62.5% low-, 29.8% intermediate-, and 7.7% high-risk in Asian vs

40.6% low-, 39.1% intermediate-, and 20.3% high-risk in non-Asian). In the Asian population, the all-cause mortality at

1-year was substantially higher in the high-risk STS group than in the low- and intermediate-risk groups (3.6% low-risk,

8.7% intermediate-risk, and 24.4% high-risk; log-rank P < 0.001), which was primarily driven by noncardiac mortality. In

the non-Asian group, there was a proportional increase in all-cause mortality at 1-year according to the STS risk category

(5.3% low-risk, 12.6% intermediate-risk, and 17.8% high-risk; log-rank P < 0.001).

CONCLUSIONS In this multiracial registry of patients with severe aortic stenosis who underwent TAVR, we

identified a differential proportion and prognostic impact of STS score on 1-year mortality between Asian and non-Asian

patients (TP-TAVR [Transpacific TAVR Registry]; NCT03826264) (JACC: Asia 2023;3:376–387) © 2023 The Authors.
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AB BR E V I A T I O N S

AND ACRONYM S

AS = aortic stenosis

BMI = body mass index

MI = myocardial infarction

STS-PROM = Society of

Thoracic Surgeons Predicted

Risk of Mortality

TAVR = transcatheter aortic

valve replacement

TP-TAVR = Trans-Pacific TAVR
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B ased on cumulative evidence from multiple
large-sized randomized clinical trials, trans-
catheter aortic valve replacement (TAVR) has

become the established treatment for severe, symp-
tomatic aortic stenosis (AS) of all surgical risks.1-11 In
such clinical trials as well as in the daily clinical prac-
tice, the Society of Thoracic Surgeons Predicted Risk
of Mortality (STS-PROM) score has been used as the
default risk stratification index for consideration of
TAVR procedures. The STS-PROM uses an algorithm
based on the presence of coexisting illnesses to pre-
dict 30-day operative mortality (with scores ranging
from 0 to 100% and higher scores indicating a greater
risk of death within 30 days after the surgical
procedure).12,13

This STS risk algorithm was originally developed to
predict operative mortality after cardiac surgery, so
awareness of the limitations of this conventional
surgical risk score for TAVR risk stratification has
increased. The predictive value of the STS score on
long-term mortality and adverse outcomes after the
TAVR procedure is still limited. Furthermore,
whether the prognostic impact of STS scores uni-
formly or differentially affects the relative clinical
outcomes among different racial or ethnic groups is
uncertain. In this regard, several small to moderate-
sized studies have provided conflicting results.14-19

Using the international, multicenter Trans-Pacific
TAVR (TP-TAVR) registry, we compared the distribu-
tion of STS risk groups, and the prognostic impact of
the STS risk score on 1-year mortality after TAVR
across different racial groups (Asian vs non-Asian).

METHODS

STUDY POPULATION AND DATABASE. The TP-TAVR
registry contains data from a multinational, multi-
center, observational cohort study that included all
consecutive patients with symptomatic severe AS
who underwent TAVR at 2 major academic medical
centers in the United States (Stanford University
School of Medicine, Stanford, California, and the
Feinberg School of Medicine at Northwestern Uni-
versity, Chicago, Illinois) and 1 in South Korea (Asan
Medical Center, Seoul) (NCT03826264).20,21 Beginning
in February 2019, data were retrospectively collected
for cases performed before initiation and
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registry was partly funded by the CardioVas-
cular Research Foundation (Seoul, Korea) and
a supporting grant (2020IF0016) from the
Asan Institute for Life Sciences and Corporate
Relations of Asan Medical Center, Seoul,
South Korea.

All 3 databases were standardized accord-
ing to the common database model and
merged per the policy of data use agreement

among participating centers. Patient demographics,
surgical risk score (STS-PROM score), functional sta-
tus, clinical risk factors or comorbidities, anatomic or
hemodynamic parameters by cardiac computed to-
mography or echocardiography, procedural details,
and in-hospital and follow-up outcomes were
collected in the common database. The STS-PROM
uses an algorithm that is based on the presence of
coexisting illnesses to predict 30-day operative mor-
tality and this score itself includes the race-specific
differences for calculating the estimated mortality
rates.12 The STS-PROM score equals the predicted
mortality expressed as a percentage. In the current
analysis, all patients had their baseline STS scores
and the study population was categorized into 3
conventional risk groups: low surgical risk (STS
score <4), intermediate surgical risk (STS score 4-8),
and high surgical risk (STS score >8), to evaluate the
clinical impact of baseline STS-PROM score on mor-
tality and adverse clinical events.

TAVR PROCEDURES

A multidisciplinary heart team evaluated the candi-
dacy of each patient for TAVR or surgical aortic valve
replacement based on their age, underlying comor-
bidities, surgical risk, frailty status, anatomic char-
acteristics, and preference at each participating
center. All TAVR procedures were conducted
following local guidelines using standard techniques
and were performed with commercially approved
TAVR devices. Procedural planning, including the
type (eg, balloon-expandable or self-expandable de-
vices) and size of the TAVR valve, access site, and
pre-implantation balloon aortic valvuloplasty, were
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determined based on the review of multimodality
imaging by the local multidisciplinary heart team.20,21

After the TAVR procedure, the patients were pre-
scribed single or dual antiplatelet therapy or oral
anticoagulants (eg, warfarin or direct oral anticoagu-
lants) if clinically indicated.

OUTCOMES. The primary outcome was all-cause
mortality at 1 year after the procedure. Secondary
outcomes included cardiac or noncardiac death,
stroke, a composite of death or stroke, rehospitaliza-
tion, and a composite of death, stroke, or rehospital-
ization. In addition, in-hospital events such as death,
stroke, myocardial infarction (MI), life-threatening or
disabling bleeding, major vascular complications,
new permanent pacemaker insertion, or new-onset
atrial fibrillation were also assessed. All adverse
events were defined using the Valve Academic
Research Consortium criteria.22,23 All stroke events
were confirmed by a trained neurologist or stroke
specialist. Rehospitalization was defined as any hos-
pitalization related to the procedure, the valve, or
heart failure. All components of the primary and
secondary clinical outcomes were adjudicated by an
independent group of clinicians blinded to the
participating centers, race, and device type.20,21

STATISTICAL ANALYSIS. The principal purpose of
this study was to determine if there are race-based
(Asian vs non-Asian) differences in the proportion
and prognostic impact of the STS scores on mortality
or adverse clinical events. The baseline characteris-
tics of all patients were compared and stratified ac-
cording to STS score category (low-, intermediate-, or
high-risk) and racial group (Asian or non-Asian).
Continuous variables, presented as means with
standard deviations, were compared using the Stu-
dent’s t-test or the Wilcoxon rank-sum test, depend-
ing on their distribution. Categorical and ordinal
variables, presented as frequencies and percentages,
were compared using the chi square test or Fisher
exact test (expected frequency: <5). Event rates were
based on Kaplan–Meier estimates in time-to-first-
event analyses and were compared using the log-
rank test.

To investigate the relative risk according to the STS
score category in the 2 racial groups, Cox proportional
hazards models were used to compare the rates of
primary and secondary outcomes, and hazard ratios
were calculated and presented with 95% confidence
intervals. After unadjusted analyses were initially
performed, multivariable Cox regression analyses
were conducted. In the adjusted models, the
following relevant covariates were included; age,
body mass index (BMI), NYHA functional class of III
or IV, diabetes mellitus, peripheral vascular disease,
prior MI, chronic lung disease, end-stage renal dis-
ease, aortic valve area, mean aortic valve pressure
gradient, bicuspid aortic valve, and left ventricular
ejection fraction, which were significantly associated
with all-cause death at 1 year in the univariable
analysis. After then, the interaction across the STS
score categories and racial groups for the primary and
secondary outcomes were also tested to determine
whether differential risks in clinical outcomes ac-
cording to STS categories might exist according to
different racial groups. The assumptions of the Cox
model were assessed statistically based on Schoen-
feld residuals and graphically by log-log plots and
were approximately satisfied for all variables. Finally,
receiver operating characteristic curves were gener-
ated to evaluate the capacity of discrimination of the
STS score for the primary outcome of all-cause mor-
tality as well as cause-specific mortality (cardiac or
noncardiac) in the 2 groups.

All statistical analyses were performed using
SAS software version 9.4 (SAS Institute) and R soft-
ware version 4.0.3 (R Foundation for Statistical
Computing). All reported P values are 2-sided, and a
P value of <0.05 was considered to indicate statistical
significance. No adjustment for multiple testing was
undertaken.

RESULTS

PATIENTS CHARACTERISTICS AND THE DISTRIBUTION

OF STS SCORE. Among 1,412 patients of the TP-TAVR
registry with valid information on the baseline STS-
PROM score, 581 (41.1%) patients were Asian, and
831 (58.9%) patients were non-Asian (87.5% were
White, 1.7% Black, 6.1% Hispanic, and 4.7% others).
There were differences in the relative proportion of
STS risk category between Asian and non-Asian
groups (Figure 1); the proportion of low-risk patients
was greater in the Asian cohort, whereas the propor-
tion of high-risk patients was larger in the non-Asian
cohort.

Baseline clinical, anatomical, and procedural
characteristics according to the STS score category in
each racial group are presented in Table 1. There were
significant interracial differences in baseline charac-
teristics for age, BMI, prior MI, atrial fibrillation, and
aortic valve or annulus area. In general, patients with
higher STS scores were older and had more clinical
and anatomic risk factors.

CLINICAL OUTCOMES. During a median follow-up of
12.9 months (IQR: 7.1-24.7 months), there were 194



FIGURE 1 Study Flow Diagram of Patients

Study flow diagram and the relative proportion of Society of Thoracic Surgeons (STS) score risk category between Asian and non-Asian groups

are shown. TAVR ¼ transcatheter aortic valve replacement; TP-TAVR ¼ Trans-Pacific TAVR registry.
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deaths, 50 strokes, and 362 rehospitalizations. The
observed event rates of in-hospital adverse events
and primary and secondary outcomes at 30 days and
at 1 year stratified by the STS risk category in the
overall population are summarized in Supplemental
Table 1. As expected, there were more frequent
adverse events in the highest STS risk score group. In-
hospital and 30-day outcomes according to the STS
risk score category stratified by the racial group are
summarized in Supplemental Tables 2 and 3.

The primary and secondary outcomes at 1 year by
the STS score category in the Asian and non-Asian
groups are shown in Table 2. Rates of the primary
outcome of all-cause mortality at 1 year in the Asian
group were substantially higher in the high STS group
than in the intermediate- and low-STS groups (3.6%
vs 8.7% vs 24.4% in low-, intermediate-, and high-STS
groups, respectively; P < 0.001) (Figure 2). This trend
was mainly driven by noncardiac mortality rather
than cardiac mortality (Figure 3). However, there
was a proportional increase in all-cause mortality
according to STS levels in the non-Asian group (5.3%,
12.6%, and 17.8% in low-, intermediate-, and high-STS
groups, respectively; P < 0.001) (Figure 2). This
pattern was similar for cardiac and noncardiac mor-
tality (Figure 3).

With respect to secondary outcomes, there was
a trend toward the highest rates of stroke or reho-
spitalization in the high-STS category in both
groups. However, a proportional increase of such
events was not evident across the STS score cate-
gory (Table 2).

ADJUSTED MARGINAL AND INTERACTION ANALYSES.

The adjusted marginal and interaction analyses for
the primary and secondary outcomes according to
race groups are summarized in Table 3. After multi-
variable adjustment for clinical, hemodynamic, and
anatomic important covariates, the HRs for the
primary outcome of all-cause mortality at 1 year in
the overall population was 2.16 (95% CI: 1.37-3.39;
P < 0.001) in the intermediate-risk group, and 3.12
(95% CI: 1.78-5.48; P < 0.001) in the high-risk group as
compared with the low-risk STS group. There was a
remarkable increase in the risk of all-cause death in
the high-risk STS group in the Asian group compared
with the non-Asian group. This difference was mainly
driven by noncardiac mortality. Therefore, although
there was no significant interaction between
racial group and the STS score category for all-cause
mortality (P for interaction ¼ 0.31), these race-
specific HRs were significantly different regarding
noncardiac mortality (P for interaction ¼ 0.02). Also, a
significant interaction was present between racial
groups and the STS score category for the risk of
stroke (P ¼ 0.008) and a composite of death, stroke,
or rehospitalization (P ¼ 0.003).

DISCRIMINATIVE CAPABILITY OF THE STS SCORE IN

EACH RACIAL GROUP. The area under the receiver
operating characteristic curves for predicting all-
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TABLE 1 Baseline Demographics, Clinical, Imaging, and Procedural Characteristics According to the STS Score and Racial Group

Asian Non-Asian

P Value a

STS Score

P Value

STS Score

P Value

Low
(<4%)

(n ¼ 363, 62.5%)

Intermediate
(4%-8%)

(n¼ 173, 29.8%)

High
(>8%)

(n¼ 45, 7.7%)

Low
(<4%)

(n¼ 337, 40.6%)

Intermediate
(4%-8%)

(n ¼ 325, 39.1%)

High
(>8%)

(n ¼ 169, 20.3%)

Demographics

Age, y 78.8 � 5.0 82.1 � 5.6 82.5 � 8.3 <0.001 75.9 � 9.1 82.9 � 7.7 84.2 � 9.0 <0.001 <0.001

Male 200 (55.1) 73 (42.2) 21 (46.7) 0.02 217 (64.4) 165 (50.8) 79 (46.7) <0.001 0.58

BMI, kg/m2 24.4 � 3.4 23.6 �4.0 22.5 � 3.0 0.001 29.6 � 6.7 28.3 � 6.8 26.2 � 6.5 <0.001 <0.001

NYHA functional class lll/IV 103 (28.4) 77 (44.5) 26 (57.8) <0.001 148 (43.9) 158 (48.6) 98 (58.0) 0.01 0.05

Comorbidities

Diabetes mellitus 175 (48.2) 103 (59.5) 28 (62.2) 0.02 96 (28.5) 112 (34.5) 76 (45.0) 0.001 0.64

Hypertension 309 (85.1) 156 (90.2) 43 (95.6) 0.06 261 (77.4) 287 (88.3) 160 (94.7) <0.001 0.66

Current smoking 35 (9.6) 10 (5.8) 2 (4.4) 0.20 7 (2.1) 11 (3.4) 4 (2.4) 0.56 0.20

Hyperlipidemia 270 (74.4) 127 (73.4) 40 (88.9) 0.08 235 (69.7) 244 (75.1) 130 (76.9) 0.15 0.18

Prior MI 9 (2.5) 18 (10.4) 5 (11.1) <0.001 41 (12.2) 47 (14.5) 40 (23.7) 0.003 0.02

Prior PCI 87 (24.0) 57 (32.9) 17 (37.8) 0.028 94 (27.9) 94 (28.9) 56 (33.1) 0.46 0.27

Prior CABG 9 (2.5) 16 (9.2) 6 (13.3) <0.001 42 (12.5) 62 (19.1) 43 (25.4) 0.001 0.14

Prior stroke 47 (12.9) 21 (12.1) 9 (20.0) 0.37 34 (10.1) 24 (7.4) 25 (14.8) 0.03 0.80

Atrial fibrillation or flutter 43 (11.8) 38 (22.0) 10 (22.2) 0.005 155 (46.0) 161 (49.5) 73 (43.2) 0.38 0.04

Peripheral vascular disease 9 (2.5) 6 (3.5) 7 (15.6) <0.001 54 (16.0) 80 (24.6) 71 (42.0) <0.001 0.36

Chronic lung disease 30 (8.3) 28 (16.2) 3 (6.7) 0.01 35 (10.4) 46 (14.2) 35 (20.7) 0.007 0.09

Current dialysis 1 (0.3) 6 (3.5) 16 (35.6) <0.001 0 (0) 7 (2.2) 23 (13.6) <0.001 0.53

Echocardiographic or CT findings

Aortic valve area, cm2 0.61 � 0.16 0.62 � 0.18 0.64 � 0.18 0.59 0.75 � 0.21 0.70 � 0.20 0.67 � 0.23 0.001 <0.001

Aortic valve mean gradient, mm Hg 58.3 � 21.7 56.0 � 19.5 46.6 � 22.0 0.002 46.2 � 14.2 44.7 � 14.2 44.1 � 18.4 0.26 >0.99

Bicuspid aortic valve 45 (12.5) 12 (6.9) 1 (2.2) 0.03 25 (7.4) 3 (0.9) 4 (2.4) <0.001 0.08

LV ejection fraction, % 59.6 � 9.7 56.0 � 13.1 50.4 � 15.1 <0.001 59.5 � 11.8 55.7 � 13.9 51.9 � 15.3 <0.001 >0.99

Mitral insufficiency (moderate/severe) 38 (10.5) 20 (11.6) 12 (26.7) 0.007 37 (11.0) 72 (22.3) 44 (26.0) <0.001 0.09

Tricuspid insufficiency (moderate/severe) 15 (4.1) 20 (11.6) 4 (8.9) 0.005 25 (7.4) 58 (17.9) 43 (25.7) <0.001 0.48

systolic annular perimeter on CT, mm 76.4 � 7.3 74.4 � 8.1 73.2 � 8.0 0.001 79.7 � 8.0 77.6 � 8.5 75.3 � 9.0 <0.001 <0.001

Systolic annular area on CT, mm2 450.7 � 86.8 424.7 � 92.1 411.9 � 83.6 0.001 476.4 � 93.4 453.1 � 95.6 428.1 � 101.9 <0.001 0.002

Procedural characteristics

Valve type 0.33 0.003 0.49

Balloon-expandable 305 (84.5) 134 (79.8) 34 (79.1) 274 (89.8) 227 (83.5) 105 (77.8)

Self-expandable 56 (15.5) 34 (20.2) 9 (20.9) 31 (10.2) 45 (16.5) 30 (22.2)

Prosthesis size 26.0 � 2.2 25.5 � 2. 25.0 � 2.2 0.003 26.0 � 2.6 25.8 � 2.9 25.1 � 2.7 0.008 0.32

Moderate to severe paravalvular leakage 10 (2.8) 4 (2.3) 0 (0) 0.76 5 (1.6) 3 (1.1) 2 (1.3) 0.92 0.97

Conversion to open cardiac surgery 4 (1.1) 0 (0) 0 (0) 0.50 2 (0.6) 5 (1.5) 1 (0.6) 0.53 >0.99

Values are mean � SD or n (%). aP values for comparison between the Asian and non-Asian groups.

BMI ¼ body mass index; CABG ¼ coronary artery bypass graft; CT ¼ computed tomography; LV ¼ left ventricular; MI ¼ myocardial infarction; PCI ¼ percutaneous coronary intervention; STS ¼ Society of
Thoracic Surgery risk.
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cause, cardiac, and noncardiac mortality in the Asian
and non-Asian groups are shown in Figure 4. The
discriminative capability of the STS score on mortal-
ity prediction as measured by the C statistics was
more limited in the Asian population than in the non-
Asian population, especially for cardiac mortality.

DISCUSSION

In this registry-based, multinational, multicenter
study of patients with severe AS who underwent
TAVR, we determined the differential prognostic
impact of the STS score on 1-year mortality and
adverse clinical events according to racial group
(Asian vs non-Asian). Our study has 3 major find-
ings. First, the proportion of the STS risk category
was significantly different between the Asian and
non-Asian groups; a low-risk TAVR population
was more common in Asian patients. Second, the
rate of all-cause mortality was substantially higher
in the high-risk STS category than in the low- and
intermediate-risk groups among the Asian popula-
tion. By contrast, there was a proportional increase
in all-cause mortality according to the higher



TABLE 2 Observed Clinical Outcomes at 12 Months According to the STS Score and Racial Groupa

Low Intermediate HR (95% CI) P Value High HR (95% CI) P Value
P Value for
Interactionb

Asian group

Primary outcome of all-cause mortality 13 (3.6) 15 (8.7) 2.55 (1.21–5.36) 0.01 11 (24.4) 9.25 (4.14–20.66) <0.001 0.13

Cardiac death 8 (2.2) 4 (2.3) 1.10 (0.33–3.64) 0.88 2 (4.4) 2.58 (0.55–12.18) 0.23 0.33

Noncardiac death 5 (1.4) 11 (6.4) 4.87 (1.69–14.02) 0.003 9 (20.0) 20.07 (6.72–59.93) <0.001 0.006

Stroke 17 (4.7) 3 (1.7) 0.37 (0.11–1.26) 0.11 4 (8.9) 2.08 (0.70–6.18) 0.19 0.009

Death or stroke 27 (7.4) 17 (9.8) 1.35 (0.73–2.47) 0.34 12 (26.7) 4.61 (2.33–9.11) <0.001 0.07

Rehospitalization 75 (20.7) 25 (14.5) 0.70 (0.44–1.10) 0.12 12 (26.7) 1.62 (0.88–2.98) 0.12 0.05

Composite of death, stroke, or
rehospitalization

83 (22.9) 36 (20.8) 0.91 (0.62–1.35) 0.64 19 (42.2) 2.36 (1.43–3.89) <0.001 0.02

Non-Asian group

Primary outcome of all-cause mortality 18 (5.3) 41 (12.6) 2.57 (1.47–4.47) <0.001 30 (17.8) 3.98 (2.22–7.14) <0.001

Cardiac death 2 (0.6) 6 (1.9) 3.34 (0.67–16.55) 0.12 11 (6.5) 12.78 (2.83–57.67) <0.001

Noncardiac death 16 (4.8) 35 (10.8) 2.47 (1.37–4.47) 0.003 19 (11.2) 2.86 (1.47–5.57) 0.002

Stroke 3 (0.9) 14 (4.3) 5.06 (1.46–17.62) 0.01 5 (3.0) 3.61 (0.86–15.10) 0.08

Death or stroke 21 (6.2) 52 (16.0) 2.82 (1.70–4.68) <0.001 34 (20.1) 3.83 (2.22–6.59) <0.001

Rehospitalization 65 (19.3) 78 (24.0) 1.38 (0.99–1.92) 0.06 46 (27.2) 1.72 (1.18–2.51) 0.005

Composite of death, stroke, or
rehospitalization

78 (23.2) 114 (35.1) 1.69 (1.27–2.26) <0.001 67 (39.6) 2.11 (1.52–2.93) <0.001

aEvent numbers (%) were estimated using the Kaplan–Meier method, and the relative risk was described by HR (for intermediate- or high-risk STS categories compared with the
low-risk category) and corresponding 95% CIs. bP value for interaction between the STS risk category and the racial group (Asian vs non-Asian).

Abbreviation as in Table 1.
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levels of STS category among the non-Asian group
(Central Illustration). Third, the discriminative
capacity of the STS score on mortality prediction
was relatively limited in the Asian cohort compared
to the non-Asian cohort.

Previous consecutive randomized controlled trials
have compared clinical outcomes of TAVR and sur-
gical aortic valve replacement in a diverse spectrum
of patients at high, intermediate, and low surgical
FIGURE 2 Cumulative Incidence Curves of All-Cause Mortality at 1-Y

Kaplan–Meier curves for the primary outcome of all-cause mortality at 1 y

obtained from the overall log-rank test. Abbreviation as in Figure 1.
risk, mainly based on STS risk score.1-11,24,25 However,
because most of the trials were conducted on the
Western population, Asian populations are under-
represented (only 5% of enrolled participants). Also,
because Asian patients have several different clinical,
anatomic, and procedural characteristics as compared
with non-Asian patients, it is still unknown regarding
direct and unconditional applicability of prior trial
findings into the Asian population.26 Until recently,
ear

ear, determined by STS score, are shown in (A) Asian and (B) non-Asian patients. P values were



FIGURE 3 Cumulative Incidence Curves for Cardiac and Noncardiac Mortality at 1-Year

(A) Cardiac and (B) noncardiac mortality in Asian patients. (C) Cardiac and (D) noncardiac mortality in non-Asian patients. Abbreviation as in Figure 1.
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data examining the long-term prognostic value of the
STS score in Asian patients who underwent TAVR
have been lacking.19 There were also no available
studies directly comparing the prognostic impact of
the STS score in different racial groups. In this clinical
context, the present study sought to investigate
whether there is an inter-racial (Asian vs non-Asian)
difference in the relative proportion of the STS
score category and its clinical impact on long-term
mortality.

Considering that the STS score was originally
developed to predict operative mortality, in the cur-
rent study, the rates of 30-day mortality in overall
population were 0.6%, 2.6%, and 4.2% in low-, in-
termediate-, and high-risk STS groups, respectively
(P < 0.001), in which those were 1.1%, 1.7%, and 2.2%
in the Asian group, respectively, and 0%, 3.1%, and
4.7% in the non-Asian group, respectively. Observed
early mortality rates were lower than predicted
mortality rates which was defined by the STS risk
category. Thus, these findings may suggest that the
estimated early mortality risk of cardiac surgery
cannot be directly applied to the interventional TAVR
procedure. Also, these findings may provide evidence
that there is a limitation in TAVR risk stratification by
the STS score.

Several observational studies have analyzed
clinical outcomes according to the different levels of
STS scores.14,15,18,19 In the Bern TAVI registry, all-
cause mortality at 1 year was highest in the STS
high-risk group, followed by intermediate- and low-
risk groups (34.5% vs 16.1% vs.10.1%, respectively;
P ¼ 0.0003), mainly driven by increased cardiovas-
cular risk mortality.14 In a multicenter study from
Israel, 1-year all-cause mortality proportionally
increased with increasing levels of the STS score
category (5.9% in the low-risk, 10.9% in the
intermediate-risk, and 22.9% in the high-risk
group).15 A large Australian multicenter cohort
also reported that 30-day mortality was low across



TABLE 3 Adjusted Marginal and Interaction Analyses for Clinical Outcomes at 12 Monthsa

Marginal Analysis Interaction Analysis

P Value
for Interactiona

Overall Asian Non-Asian

Adjusted HRb

(95% CI) P Value
Adjusted HRb

(95% CI) P Value
Adjusted HRb

(95% CI) P Value

Primary outcome of all-cause mortality 0.31

Low Referent Referent Referent

Intermediate 2.16 (1.37–3.39) <0.001 2.15 (1.01–4.57) 0.05 2.14 (1.21–3.76) 0.009

High 3.12 (1.78–5.48) <0.001 5.28 (2.17–12.89) <0.001 2.71 (1.41–5.21) 0.003

Cardiac death 0.34

Low Referent Referent Referent

Intermediate 1.05 (0.42–2.61) 0.92 0.95 (0.27–3.28) 0.93 2.12 (0.41–10.86) 0.009

High 2.76 (0.96–7.90) 0.06 1.36 (0.24–7.72) 0.73 7.14 (1.39–36.74) 0.02

Noncardiac death 0.02

Low Referent Referent Referent

Intermediate 2.75 (1.62–4.68) <0.001 4.09 (1.40–11.92) 0.01 2.25 (1.23–4.12) 0.008

High 3.32 (1.70–6.49) <0.001 12.36(3.80–40.17) <0.001 2.11 (1.01–4.45) 0.05

Stroke 0.008

Low Referent Referent Referent

Intermediate 1.18 (0.60–2.30) 0.64 0.35 (0.10–1.20) 0.10 4.62 (1.31–16.28) 0.02

High 1.57 (0.62–3.99) 0.35 2.20 (0.65–7.48) 0.21 3.05 (0.67–13.96) 0.15

Death or stroke 0.10

Low Referent Referent Referent

Intermediate 1.85 (1.26–2.70) 0.002 1.20 (0.65–2.23) 0.57 2.47 (1.48–4.14) <0.001

High 2.66 (1.63–4.34) <0.001 3.29 (1.53–7.08) 0.002 2.92 (1.60–5.33) <0.001

Rehospitalization 0.31

Low Referent Referent Referent

Intermediate 1.10 (0.98–1.24) 0.12 1.00 (0.83–1.20) 0.97 1.17 (1.00–1.36) 0.05

High 1.41 (1.18–1.69) <0.001 1.53 (1.09–2.14) 0.01 1.39 (1.14–1.71) 0.001

Composite of death, stroke, or rehospitalization 0.03

Low Referent Referent Referent

Intermediate 1.30 (1.03–1.64) 0.03 0.85 (0.57–1.27) 0.42 1.63 (1.22–2.19) 0.001

High 1.79 (1.31–2.45) <0.001 1.76 (1.01–3.09) 0.05 1.93 (1.34–2.78) <0.001

aThe marginal analyses and interaction analyses included the STS risk category and race in the Cox proportional hazards regression models without and with their interaction
term, respectively. HRs are for the intermediate- or high-risk STS categories compared with the low-risk category. bThe models were adjusted for age, BMI, NYHA functional
class of III or IV, diabetes, peripheral vascular disease, prior myocardial infarction, chronic lung disease, end-stage renal disease, aortic valve area, mean aortic valve pressure
gradient, bicuspid aortic valve, and LV ejection fraction, which were significantly associated with all-cause mortality at 1 year in the univariable Cox analysis.

Abbreviations as in Table 1.
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all 3 groups (1.1%, 1.7%, and 1.4%, respectively;
P ¼ 0.80).18 Such findings from the Western popula-
tion were similar to the non-Asian cohort of our
study. By contrast, recent data from the OCEAN-TAVI
(Optimized Transcatheter Valvular Intervention)
registry of 2,588 Japanese patients showed that the
long-term (4-year) incidence of all-cause mortality
was extremely higher in high-risk STS group (49.0%)
compared with low- (22.6%) and intermediate-risk
STS groups (28.7%)19; such findings were also
similar to the major findings from the Asian cohort in
the present study.

In a prior study, procedural complications,
including coronary obstruction, cardiac tamponade,
conversion to open surgery, vascular complications,
and early clinical outcomes were comparable
irrespective of baseline STS score.15 Similar findings
were observed in our registry. However, the long-
term prognostic impact of the STS score remains
poorly understood. As noted in the present study,
the exact reasons for the differential prognostic
pattern of the STS score category on 1-year mortal-
ity between the Asian and the non-Asian pop-
ulations are unclear. Given that the differential
prognostic impact of the STS score on all-cause
mortality was primarily driven by noncardiac mor-
tality in the Asian population, the current STS score
system might not fully reflect disability, frailty sta-
tus, and nonconventional comorbidities in this
population, which may be significantly associated
with long-term all-cause or noncardiac mortality. In
addition, there may be important epidemiological



FIGURE 4 ROC Curves of the STS Score for 1-Year Mortality

Receiver-operating characteristic (ROC) curves for (A) all-cause, cardiac, and noncardiac mortality in Asian patients, and (B) all-cause, cardiac, and noncardiac mortality

in non-Asian patients. AUC, Area under the curve; other abbreviations as in Figure 1.
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differences between elderly Asian (South Korean)
and non-Asian (American) individuals that could
account for differences in the causes of death
observed following TAVR. In South Korea, cancer is
by far the leading cause of death in the elderly,
followed by heart disease, pneumonia, and cere-
brovascular disease.27 In the United States, heart
disease is the leading cause of death in the elderly,
followed by cancer as the second leading cause.28

Therefore, it is possible that, although the applica-
tion of TAVR in the oldest and highest risk subjects
may have a similar beneficial effect on long-term
cardiac mortality, it would not be expected to
have a differential effect on noncardiac mortality.
Such limited prognostic value of conventional
STS score in the Asian cohort was also confirmed
by the poor discriminative capacity determined
by the area under the curve for predicting all-cause
mortality at 1 year. Although some different risk
prediction models have been tested in patients
with TAVR, racial-based TAVR-dedicated risk
scores with good discriminative ability for all- and
cause-specific mortality should be further devel-
oped and validated through further large-sized
studies.29-33
STUDY LIMITATIONS. First, the observational na-
ture of this study may have affected the observed
results because of selection bias and unknown
potential confounders. Therefore, the overall find-
ings should be interpreted as exploratory and
regarded as hypothesis-generating only. Second,
the multicenter design of the registry could yield
intersite variability in care (eg, the selection of
eligible patients for TAVR, TAVR technique, and
post-TAVR surveillance and medical care). Third,
because our study evaluated clinical outcomes for
up to 1 year, longer-term follow-up data would
help detect the long-term differential prognostic
impact of the STS score in both racial groups.
Fourth, the observed distribution of low, interme-
diate, and high risk stratified by STS score between
Asian and non-Asian groups might be substantially
influenced by the limited number of centers and
the sample volume. Lastly, despite risk adjustment
of a wide range of clinical covariates, other
important risk factors associated with poorer out-
comes post-TAVR, including frailty, socioeconomic
factors, or concomitant medications, were not
captured in this database and thus not fully
adjusted.



CENTRAL ILLUSTRATION Distribution and Clinical Impact of STS Score on Mortality
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The upper panel shows the distribution of the Society of Thoracic Surgeons (STS) scores between Asian and non-Asian patients, whereas the

lower panel shows the primary outcome of all-cause mortality at 1 year according to the STS score and racial group.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

Although the STS score has been widely used for

decision-making and risk stratification for TAVR in

patients with severe AS, the relative proportion and

clinical impact on long-term mortality across different

racial groups remains unknown.

COMPETENCY IN PATIENT CARE: In this multi-

national multicenter registry, the relative proportion

of the STS risk category was substantially different

between the Asian and non-Asian groups. Impor-

tantly, there was a differential prognostic effect of

STS score on 1-year mortality between Asian and non-

Asian patients.

TRANSLATIONAL OUTLOOK: Further large-sized

research is required to develop the race-based new

risk prediction and stratification tools for selecting

appropriate candidates for TAVR and predicting

outcomes.
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CONCLUSIONS

In this multinational, multicenter registry cohort of
patients who underwent TAVR for severe AS, STS
score had a differential prognostic effect on 1-year
mortality between Asian and non-Asian patients.
The discriminative capacity of the STS score for pre-
dicting mortality were also different between the 2
cohorts. Further research is warranted to develop
practical race-based risk prediction and stratification
tools for selecting appropriate candidates for TAVR
and predicting long-term outcomes.
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