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Abstract
Aims: The indication for transcatheter aortic valve implantation (TAVI) has evolved from inoperable
patients to patients at increased surgical risk. In low-risk patients, surgical aortic valve replacement (SAVR)
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remains the standard of care. The aim of this study was to explore the outcomes of TAVI and SAVR in
patients with a Society of Thoracic Surgeons (STS) predicted risk of mortality (PROM) score below 3% in
the SURTAVI trial.

Methods and results: In SURTAVI, patients at intermediate surgical risk based on Heart Team consen-
sus were randomised to TAVI or SAVR. We stratified the overall patient population into quintiles based
on the STS PROM score; the one-year mortality was correlated with the mean STS PROM score in each
quintile. The quintiles were regrouped into three clinically relevant categories of STS score: less than 3%,
3 to <5%, and >5%. All-cause mortality or disabling stroke in each risk stratum was compared between
TAVI and SAVR. Linear regressions between mean values of STS PROM in each quintile and observed all-
cause mortality at one year showed great association for the global population (1?=0.92), TAVI (r?=0.89)
and SAVR cohorts (1?=0.73). All-cause mortality or disabling stroke of TAVI vs. SAVR was 1.5% vs. 6.5%
(p=0.04), 6.5% vs. 7.6% (p=0.52) and 13.5% vs. 11.0% (p=0.40) in the <3%, 3-5%, and >5% STS score
strata, respectively.

Conclusions: Among patients at intermediate surgical risk but with an STS PROM <3%, TAVI may
achieve superior clinical outcomes compared to SAVR. These findings support the need for an adequately
powered randomised trial to compare TAVI with SAVR in patients at low operative risk.
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Abbreviations

BiPAP  bi-level positive airway pressure

FEV1 forced expiratory volume in 1 second

PROM  predicted risk of mortality

SAVR  surgical aortic valve replacement

SPAP  estimated systolic pulmonary artery pressure
STS Society of Thoracic Surgeons

TAVI transcatheter aortic valve implantation
VARC-2 Valve Academic Research Consortium-2

Introduction

The comparisons between TAVI and SAVR indicate favour-
able results for TAVI at higher Society of Thoracic Surgeons
(STS) predicted risk of mortality (PROM) but appear simi-
lar among patients with STS PROM below 6-8%'. For patients
with increased surgical risk, non-inferiority and even superior-
ity of TAVI compared with SAVR has been demonstrated con-
sistently'. However, a recent STS database survey including
113,377 patients with a mean age of 65.3+13.0 years and an aver-
age STS score of 1.67+0.94% indicates that 80% of all SAVR
patients are at low risk for SAVR based on an STS score of <4%S*.
Clearly this data set is different from the patients who have been
included in randomised TAVI trials to date. Furthermore, the
STS score was designed and validated for risk stratification and
prediction of 30-day mortality after cardiac surgery in general’
and appeared not to be calibrated in TAVI cohorts where it typi-
cally overestimates procedural risk®.

Since TAVI originated in patients who were inoperable or at high
risk for SAVR, the criteria for risk stratification were naturally bor-
rowed from the surgical field. However, since the procedure was
performed largely in an elderly population, it was rapidly recog-
nised that additional risk factors summarising aspects of frailty were
also predictors of mortality®!2. Therefore, decision making for TAVI
currently takes into consideration not only the STS PROM but also
other parameters of the cumulative risk burden that are not included
in the STS score or logistic EuroSCORE calculation'>!3,

Elderly patients who are considered for TAVI often have risk
variables that are not considered in the STS model. Unsurprisingly,
Heart Teams may judge a patient to be at elevated operative risk
despite having a calculated STS score of <3%.

The aim of this post hoc analysis of the SURTAVI randomised
trial was to compare clinical outcome of TAVI vs. SAVR in
patients with an STS score of <3%.

Editorial, see page 846

Methods

SURTAVI was a non-inferiority, multicentre, randomised clinical
trial designed to test the safety and efficacy of SAVR and TAVI
in patients with severe and symptomatic aortic stenosis consid-
ered to be at intermediate operative risk. Subjects considered elig-
ible were enrolled at 87 centres and were randomly allocated in
a 1:1 ratio to receive TAVI with the use of a self-expanding bio-
prosthesis or undergo surgery. The details of the trial have been

described elsewhere'®. A total of 1,746 subjects were randomised,
1,660 patients underwent an attempted procedure and composed
the modified intention-to-treat analysis cohort. Patients were
divided into three strata based on their STS PROM: <3%, 3-5%,
>5%. The primary endpoint was a composite of all-cause mortal-
ity or disabling stroke.

RISK STRATIFICATION AND FUNCTIONAL ASSESSMENT

The Society of Thoracic Surgeons predicted risk of mortality
(STS PROM) calculator was used for operative mortality risk esti-
mation’. In order to include patients with a predicted operative
mortality of 3-15% as estimated by the local Heart Team, a combi-
nation of the conventional risk scores and a qualitative assessment
of the cumulative clinical risk (determined by a list of risk factors
not captured by the STS score) was used'.

However, the Heart Team was free to weigh each of the fol-
lowing risk factors: (i) respiratory disease severity — forced
expiratory volume in one second (FEV1) 750-1,000 cc or FEV1
<750 cc, home oxygen therapy, and bi-level positive airway pres-
sure (BiPAP); (ii) estimated systolic pulmonary artery pressure
(SPAP) 60-80 mmHg or >80 mmHg; and (iii) other risk factors
such as elevated BNP >550 pg/ml or NT pro-BNP >3,200 pg/ml,
S-metre gait speed >6 seconds, severe diastolic dysfunction, liver
cirrhosis, and severe aortic calcification. Physical activity and inde-
pendence were systematically assessed in all patients (by means of
the 5-metre gait speed test and the Katz index, respectively).

TRIAL ENDPOINTS

The SURTAVI trial primary endpoint was a composite of death
from any cause or disabling stroke at 24 months'®. One-year out-
comes reported here include the composite outcome as well as the
pre-specified secondary endpoints including major adverse cardio-
vascular and cerebrovascular events (MACCE), which consisted
of death from any cause, myocardial infarction, all types of stroke
and any reintervention, and encephalopathy. Disabling stroke was
defined according to the criteria of the Valve Academic Research
Consortium-2 (VARC-2)'%. All patients were seen by a neurolo-
gist or stroke specialist, and neurologic events were adjudicated by
a neurologist on the clinical events committee. Encephalopathy was
defined in the protocol as an altered mental state (seizures, delirium,
confusion, hallucinations, dementia, coma, psychiatric episode).

STATISTICAL ANALYSIS

All of the 1,660 patients in the modified intention-to-treat analy-
sis cohort are included in this analysis and have reached one year
of follow-up. Calibration between observed and expected mor-
tality at 30 days based on STS PROM was investigated in quin-
tiles of the SAVR arm, the TAVI arm and the pooled population
(Supplementary Table 1). Similarly, all-cause mortality observed
at one year was compared to the predicted mortalities at 30 days;
this statistical and epidemiological practice, which is at vari-
ance with the original concept of the STS PROM score, has been
reported previously in the literature'>. A linear regression model



was fitted between observed all-cause mortality at one year and
mean values of STS PROM score in each quintile for each of
the three populations; the intercept, slope and R square from the
model result were reported. We also performed logistic regression
analysis to assess the predictive value of the STS PROM score for
30-day and one-year all-cause mortality. The goodness of fit was
evaluated using the Hosmer-Lemeshow test, and calibration and
discrimination were assessed by c-statistics, the Brier score and
Somers’ D test (Supplementary Table 1).

The next analytical step in the clinical evaluation of these quin-
tile assessments was to regroup the five equally populated cohorts
into three strata of risk categorised by a single digit number of
STS PROM score (thereby creating groups of unequal extent, at
variance with the balanced quintile subdivision). Rounding the
STS percentage and standard deviation found in the quintiles,
a consensus emerged among the investigators that the STS group
of criteria less than 3%, 3% to less than 5%, and 5% or more than
5% would be highly relevant from a clinical point of view.

Baseline demographic and clinical characteristics were compared
within each STS stratum between SAVR and TAVI and among the
overall population with the analysis of variance (ANOVA) test, and

One-year outcomes of STS <3% patients in SURTAVI

pairs of subcategories from the pooled population. Continuous data
are presented as meantstandard deviation and were compared using
the Student’s t-test or ANOVA, as appropriate. Categorical vari-
ables were compared using Fisher’s exact test or the chi-square
test, as appropriate. Time-to-event analysis was performed using
the Kaplan-Meier method, while comparison between the groups
was carried out using the log-rank test. Statistical analysis was per-
formed with SAS software, version 9.2 (SAS Institute, Cary, NC,
USA), and a two-tailed p<0.05 defined the statistical significance.

Results
The STS PROM of the quintile cohorts in the entire randomised
population was 2.4+0.6%, 3.6+0.3%, 4.3+0.2%, 5.1+0.3% and
6.8+1.0%, respectively (Supplementary Table 2). The STS PROM
did not predict mortality at 30 days for SAVR or TAVI. In the sur-
gical cohort, the expected mortality at 30 days was systematically
and substantially overestimated when compared to the observed
mortality (Supplementary Table 2, Figure 1).

When the STS PROM score of the pooled population
(SAVR+TAVI) was correlated with the observed mortality at one
year, a significant linear correlation (y=-0.68+1.64x [r>=0.92])
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Figure 1. Estimated Kaplan-Meier 30-day and one-year mortality in the SAVR, TAVI and combined cohorts of patients, divided into quintiles.
A), B), & C) The observed 30-day mortality in the quintiles of the SAVR, TAVI and combined cohorts, respectively. Each dot stands for the
30-day Kaplan-Meier rate with associated 95% CI. The number by the dot is the O/E ratio (observed 30-day Kaplan-Meier rate/mean STS
score). D), E), & F) The observed one-year mortality in the quintiles of the SAVR, TAVI and combined cohorts, respectively. Each dot stands
for the one-year Kaplan-Meier rate with associated 95% CI. The number by the dot is the O/E ratio (observed one-year Kaplan-Meier rate/

mean STS score).
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was observed (Figure 1). Supplementary Table 2 shows the mor-
tality at one year ranging from 3.7% in the lowest quintile to
11.3% in the highest quintile of the pooled population (n=1,660).

The observed mortality at one year in each quintile of the entire
population was higher than the mortality expected at 30 days, with
the observed/expected (O/E) ratios of 1.54, 1.53, 1.42, 1.25 and
1.66, respectively (Figure 1).

In the SAVR arm, a similar observation was made, with the
exception of the lowest quintile for which the O/E ratio was 2.38
(Figure 1). In the TAVI arm, the linear regression had a steeper
slope than the line of identity between the observed and the
expected mortality, and noticeably the O/E ratio in the lowest
quintile was 0.68 (Figure 1).

The use of the traditional and objective STS score to subdivide
the whole randomised population into three strata of progressive
risk of mortality generates in each stratum two cohorts of patients
randomised either to TAVI or SAVR with 31 comparable baseline
characteristics'®.

In the cohort of patients with an STS score of <3%, the sole
significant difference between the TAVI and SAVR cohorts was

the medical history of prior TIA (11.5%, 15/131 versus 4.1%,
5/123, p-value 0.0290). All the other parameters were compar-
able (Supplementary Table 3). In the stratum of STS score 3-5%,
one significant difference was observed in the 6-minute walk test
- SAVR (271x117 metres) vs. TAVI (253£115 metres). In the STS
score stratum >5%, one parameter in the medical history (conges-
tive heart failure) differed significantly (p-value 0.0092) between
the TAVI treatment arm (96.4%, 244/253) and the SAVR treatment
arm (99.6%, 267/268).

When comparing the baseline characteristics of the subjects
among the three STS strata, there was an increase of age and
comorbidities such as diabetes, peripheral vascular disease, coro-
nary artery disease (with prior CABG) and heart failure with
NYHA class of more than II (Supplementary Table 4).

The primary and secondary outcomes at one year are shown
in Table 1. The Kaplan-Meier curves for the primary endpoint in
both groups are shown in Figure 2. In the less than 3% STS score
stratum, the primary outcome of all-cause death or disabling stroke
was significantly lower in the TAVI than in the SAVR arm (1.5%
vs. 6.5%, p=0.0421; Kaplan-Meier method). The Kaplan-Meier
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Figure 2. Primary endpoint at one year for patients randomised to TAVI or SAVR, divided among the different strata of STS PROM scores.
Kaplan-Meier curves are shown for STS <3% (blue), STS >3% and <5% (red) and STS >5% (green). A) Time-to-event graph for patients

undergoing TAVI. B) Time-to-event graph for patients undergoing SAVR.
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Table 1. Outcomes of patients in the SAVR and TAVI groups among the three strata of STS PROM.
STS <3% STS >3% and <5% STS >5%

(# (#
Events) Events)

Number of subjects 131 123 430 405 253 268
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All-cause mortality or o 9 o o 9 o
disabling stroke 2(2) 1.5% | 8(9) 6.5% | 0.0421|31(38) | 6.5% |30(35) 7.6% | 0.5156 | 34 (35) | 13.5% |29(36) | 11.0% | 0.4001

All-cause mortality 2(2) 15% | 7(D 57% | 0.0746|26(26) | 55% |21(21) | 53% | 0.9434|28(28) | 11.1% |24(24) | 9.1% | 04451
Cardiovascular 2(2) 15% | 4(4) 3.3% | 0.3636|18(18) | 3.8% |17(17) | 4.3% | 0.6981|20(20) | 8.1% |20(20) | 7.6% | 0.8530
Non-cardiovascular | 0(0) 0.0% | 3@3) 2.5% | 0.0713| 8(8) 17% | 4(4) 11% | 04217| 8(8) 3.4% | A44) 1.6% | 02110

Reintervention 6(7) 46% | 1(1) 0.9% | 0.0708| 9(10) | 1.9% | 1(1) 0.3% | 0.0238| 2(2) 0.8% | 2(2) 0.8% | 0.9491

Surgical 3Q) 2.3% | 0(0) 0.0% | 0.0954| 3(3) 0.6% | 1(1) 0.3% | 04117 1(1) 0.4% | 2(2) 0.8% | 0.5992
Percutaneous 4(4) 31% | 1(1) 0.9% | 0.2066 | 7(7) 1.5% | 0(0) 0.0% | 0.0158| 1(1) 0.4% | 0(0) 0.0% | 0.3022
Neurological events 10(10) | 7.7% |18(19) | 14.7% | 0.0727 |46 (52) | 9.7% |65(74) | 16.3% | 0.0028 | 39 (41) | 16.0% |46(53) | 17.5% | 0.5503
Al stroke and TIA 6 (6) 46% |11(11) | 9.0% | 0.1636|31(33) | 6.6% [35(38) | 8.8% | 0.1964|31(33) | 12.8% |21(22) 8.0% | 0.0933
) (29)
) (14)

All stroke 5(5) 3.8% |10(10) | 82% | 0.1473|20(21 4.2% |27(29 6.8% | 0.0924|19(19) | 7.8% |17(18) 6.5% | 0.6044
Disabling stroke | 0 (0) 0.0% | 2(2) 1.7% | 0.1410 |11 (12 2.3% |13 (14 3.3% | 03858 | 7(7) 2.9% (11(12) 4.2% | 0.4120

Non-disabling | 55y | 389 | 8(8) | 65% | 03346| 9(9) | 19% |14(15) | 35% | 0.1386|12(12) | 49% | 6(6) | 23% | 01209

stroke

TIA 1(1) 08% | 1(1) 0.8% | 0.9549 |11(12) | 24% | 9(9) 23% | 09738 |14(14) | 58% | 4(4) 1.6% | 0.0113

Encephalopathy 4.(4) 3.1% | 8(8) 6.5% | 0.1888 |14(17) | 3.0% |32(35) 7.9% | 0.0008 | 7(7) 2.9% (29(30) | 11.0% | 0.0003

Intracranial o o o o o o

haemorrhage 0(0) 0.0% | 0(0) 0.0% NA 2(2) 04% | 1(1) 0.3% | 0.6895| 1(1) 0.4% | 1(1) 0.4% | 0.9695
Bleed 29(32) | 22.3% |76(81) | 61.8% |<0.0001 116 (131)| 24.3% P24 (244)| 55.4% |<0.0001 |91 (104)| 36.2% [66 (186)| 62.3% |<0.0001

hiifsea‘gl‘ifgate"‘”g‘” 5() | 38% | 9(9) | 74% | 02175(34(80) | 7.1% |28(28) | 7.0% | 09429 |24(2) | 96% |23(28) | 87% | 07385

Major bleed 12(12) | 92% | 5(5) | 41% | 01172(32(34) | 6.7% |15(16) | 3.8% | 0.0528 | 36(39) | 14.6% [24(24) | 94% | 0.0482
2"0“‘4]"[)’”";5&‘[']” 44) | 31% | 0(0) | 00% | 0.0515(26(31) | 54% | 6(6) | 15% | 0.0018 [24(24) | 95% | 3(3) | 11% [<0.0001
Acute kidney injury 1(1) | 08% [22(22) |17.9% |<0.0001|30(30) | 6.3% |59(59) | 14.6% |<0.0001 |18(18) | 7.2% |47(47) | 17.6% | 0.0003

Stage 1 1() | 08% [18(18) | 14.6% |<0.0001 [22(22) | 4.6% |47(47) | 11.6% | 0.0001|12(12) | 4.8% |28(28) | 105% | 0.0153

Stage 2 0000 | 00% | 33) | 24% | 00727| 5() | 1.0% | 9(9) | 22% | 01626| 3(3) | 12% |12(12) | 4.5% | 0.0247

Stage 3 0000 | 00% | 1(1) | 08% | 03021| 3(3) | 0.6% | 33) | 07% | 08344| 3(3) | 12% | 7(D | 2.6% | 0.239%
Mi 2) | 15% | 0(0) | 00% | 01734| 7(7) | 15% | 6(6) | 15% | 0.9570| 7(7) | 29% | 5(5) | 1.9% | 04951

Periprocedural 0(0) | 00% | 00) | 00% | NA | 2@ | 04% | 33 | 07% | 0524| 4(4) | 16% | 1(1) | 04% | 0.1563

Spontaneous 20 | 15% | 0(0) | 00% | 01734| 5() | 11% | 3(3) | 08% | 0.6630| 3(3) | 13% | 4(4) | 16% | 07557
Cardiac perforation | 0(0) | 0.0% | 0(0) | 0.0% | NA [10(11) | 21% | 4(4) | 10% | 0.1943| 4(4) | 16% | 2(2) | 0.7% | 03726

08% | 2(2) 16% | 0.5219| 3@3) 0.6% |13(13) | 3.2% | 0.0040| 6(6) 2.4% |14 (14) 5.2% | 0.0906
8) 1.7% 8) 1.7% | 0.9412| 5(5) 2.0% | 1(1) 0.4% | 0.0867
1) 0.2% 4) 0.8% | 0.2305| 1(2) 04% | 1(2) 0.4% | 0.9684

) (
Cardiogenic shock 1(1) (
Cardiac tamponade 0(0) 0.0% | 3(3) 24% | 0.0723] 8¢

) 0.0% | 1(1) 0.8% | 02959 1¢(

7(
Valve endocarditis 0(0 3

Aortic valve 11018) | 85% | 6(7) | 50% | 0.2805|38(57) | 8.1% |28(35) | 7.2% | 0.6165|23(34) | 9.6% |23(29) | 9.0% | 08577
hospitalisation

rrf]’p’}‘aanr;i”tpacemaker 32(32) | 245% | 5(5) | 4.1% |<0.0001 [155(155)| 32.5% |36 (36) | 9.0% |<0.0001|55(57) | 22.2% |25(27) | 9.7% |<0.0001

Atrial fibrillation 20(23) | 154% |58(62) | 47.3% |<0.0001|79(98) | 16.7% [175(193)| 43.3% |<0.0001 |52 (60) | 21.1% [129 (147)| 48.8% |<0.0001
Procedural conversion | 1(1) 0.8% | 0(0) 0.0% | 0.3326 | 5(5) 1.0% | 2(2) 0.5% | 0.3588 | 5(5) 2.0% | 1(1) 0.4% | 0.0865

Conversion to open
surgery 00
Reintervention is a new intervention in the aortic valve (either surgical or percutaneous). * Subjects with pacemaker or ICD at baseline are included. Not adjudicated by CEC.

0.0% | 0(0) 0.0% NA 2(2) 0.4% | 0(0) 0.0% | 0.1935| 5(5) 2.0% | 0(0) 0.0% | 0.0208
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curves for both groups are shown in Figure 2. In the other two
strata, primary outcomes were comparable (Table 1). In the three
strata, the differences in all-cause mortality alone or itemised
causes of death did not reach conventional levels of statistical
significance. Similarly, in none of the three strata did the differ-
ence in disabling stroke reach a significant statistical level. With
the exception of the strata with an STS score of <3%, TAVI was
associated with a significantly higher vascular complication rate.
The rate of permanent pacemaker implantation was significantly
higher in the TAVI population. SAVR treatment was complicated
by significantly higher rates of kidney injury, overall bleeding,
atrial fibrillation and encephalopathy in the two risk strata supe-
rior to 3%. Overall, neurological events had a tendency to be more
frequent in the SAVR group in the stratum of <3% (p=0.072),
were significantly higher in the stratum of 3% to less than 5%
(p=0.0028), and were comparable in the stratum of >5%.

Discussion

The major findings of this post hoc analysis of the SURTAVI trial

are:

1) STS PROM does not predict the 30-day mortality of patients
treated with either TAVI or SAVR but does correlate with one-
year mortality.

2) All-cause mortality at one year in the population of the
SURTAVI trial appears to correlate with the estimated mortality
at 30 days (STS PROM) in TAVI and SAVR, although the O/E
relationship differs between the two modalities of treatment in
each quintile.

3) In patients with an STS PROM of less than 3%, the primary
composite endpoint of all-cause mortality or disabling stroke is
higher with SAVR than with TAVI (p-value 0.0421).

The present analysis investigated the largest randomised cohort
of patients at lower operative risk defined by an STS score of <3%.
TAVI appeared to be safer than SAVR, particularly in patients with
the lowest STS score.

Recently, Tarantini et al discussed the definition of risk and ana-
lysed evidence from randomised trials and registries in lower-risk
patients'’. The analysis, which reviewed PARTNER 2, SURTAVI,
NOTION, S3i vs. PARTNER 2 surgical cohort propensity analy-
sis!>1#2¢ and numerous European registries, emphasised that the
surgical score significantly overestimated TAVI mortality at
30 days.

Since no specific score existed for risk assessment before TAVI,
the widely used surgical ones were naturally used for this pur-
pose. With our findings we can also speculate that the decision
for aortic valve replacement (surgical or percutaneous) should
take into account not only the numerical risk score of the patient
(e.g., EuroSCORE, STS PROM), but a combination of factors that
might confer on the patient more or less risk!>!%.

When clinical outcomes of the less than 3% risk stratum in the
SURTAVI trial were compared to data from other randomised
patients at low and intermediate risk, it appears that our cohort of
patients has the lowest mean STS PROM and logistic EuroSCORE

when compared to all the other RCTs, whereas the less than 3% STS
PROM cohort of SURTAVI at one year had the best clinical results
in terms of all-cause mortality, disabling stroke and major vascular
complication (Supplementary Table 5, Supplementary Table 6).

Interestingly, when focusing on the neurological events, we can
see a clear trend towards a decrease in the occurrence of all stroke
after TAVI in the lower-risk surgical group patients. On the other
hand, after SAVR we also see a trend towards increasing all stroke
in the lower-risk groups. At a first glance, our findings hold a cer-
tain appeal to perform TAVI in the lower-risk group of patients.
If, on the one hand, patients at lower risk undergoing TAVI have
a higher need for permanent pacemaker (PPM) implantation com-
pared with SAVR, on the other hand they experience significantly
lower incidences of new-onset atrial fibrillation, bleeding and
acute kidney injury.

This finding mandates a trial dedicated to low-risk patients.
Based on the observed primary endpoint in the less than 3% STS
PROM stratum, the sample size calculation would require at least
400 patients per group with a 95% power and an alpha error of
less than 0.05. Currently, there is a trial in the recruitment phase
(NCTO02701283) with that approach — enrolling 1,200 patients
with a predicted risk for SAVR of less than 3%.

Limitations

The first limitation is that this analysis is post hoc and not
pre-specified. The categorical subdivision into risk groups with
an STS PROM score of less than 3%, 3% to less than 5%, and
5% and more than 5% is pragmatic but arbitrary, although rely-
ing on a linear correlation between STS PROM and all-cause
mortality. Secondly, Heart Team assessment of surgical risk
assimilates objective aggregate risk indicators based on comor-
bidities, incremental risk factors not included in risk assessment
tools, and an often subjective assessment of frailty. Although the
objective data around frailty presented in this manuscript (grip
strength, gait speed, and BMI <21 kg/m?) do not indicate an
enrichment of frail patients in the STS <3% subgroup, it is poss-
ible that patients with an STS score indicative of low surgical
risk were often deemed by the Heart Team to be at intermediate
risk specifically due to frailty.

All-cause mortality, that does not need any adjudication, is
the ultimate criterion of clinical outcome assessment in a ran-
domised population submitted to comparative treatment, but it
has to be considered that all-cause mortality lacks specificity, in
particular in the elderly. This report is obviously a hypothesis-
generating analysis, that can only be tested and verified in an
adequately powered trial using the identical criterion of an STS
PROM score of <3%.

Conclusions

When compared to SAVR with an STS score of less than 3%,
TAVI in the context of a randomised trial could achieve a supe-
rior primary endpoint, traditionally based on all-cause death or
disabling stroke but would require a prospective, adequately



powered trial using specifically the inclusion criterion of an STS
PROM score of less than 3%.

Impact on daily practice

With the improvement in transcatheter aortic valve technology
and the expansion of TAVI indications, knowledge of the out-
comes in patients with a low STS PROM score is awaited. In
this sub-analysis of the SURTAVI randomised clinical outcome
trial, we show that TAVI may present lower mortality or dis-
abling stroke than SAVR at one year in this group of patients.
Randomised clinical trials designed specifically for this group
are currently underway.
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Supplementary data

Supplementary Table 1. Scores for the goodness of fit (Hosmer-Lemeshow test) and for

calibration and discrimination (c-statistics, Brier score and Somers’ D test) for STS

PROM in both groups of patients (SAVR and TAVI) and for the whole population

SAVR+TAVI).
Statistics SAVR TAVI SAVR + TAVI

30 days 1 year 30 days 1 year 30 days 1 year

C-statistic 0.553 0.578 0.636 0.638 0.596 0.610

LR p-value 0.7387 0.0280 0.1128 0.0004 0.1723 <0.0001

Hosmer-Lemeshow p-value 0.3373 0.6128 0.4805 0.0300 0.1071 0.7699

Brier score 0.016 0.064 0.020 0.061 0.018 0.062

Somers’ D score 0.106 0.157 0.272 0.276 0.191 0.221

LR: linear regression



Supplementary Table 2. Observed (Kaplan-Meier estimates) at 30 days and 1 year and expected mortality (STS PROM) in the quintiles

of STS PROM scores for patients in the whole randomised population (SAVR+TAVI) and for the separate groups of SAVR and TAVI.

STS mortality score (%)

1st 2nd 3rd 4th
STS mortality score (%) quintile quintile quintile quintile  5th quintile
n 331 332 333 332 332
SAVR+TAVI STS PROM (meanzSD) 2.410.6 3.620.3 4.3+0.2 5.1+0.3 6.811.0
(n=1,660) 30-day mortality — Kaplan-Meier estimate (no. of subjects with  1.5% (5)  1.2% (4) 1.2% (4) 2.7% (9) 2.7% (9)
events) 3.7% (12) 5.5%(18) 6.1%(20) 6.4% (21) 11.3%(37)
1-year mortality - Kaplan-Meier estimate (no. of subjects with
events)
n 158 160 162 158 158
STS PROM (meanzSD) 2.410.6 3.620.3 4.4+0.2 5.210.3 7.0£1.0
SAVR (n=796)
30-day mortality - Kaplan-Meier estimate (no. of subjects with  1.9% (3) 0.6% (1) 1.2% (2) 3.2% (5) 1.3% (2)
events) 5.7% (9) 5.1% (8) 57%(9) 6.4%(10) 10.4% (16)
1-year mortality - Kaplan-Meier estimate (no. of subjects with
events)

n 173 172 173 173 173




STS mortality score (%)

STS mortality score (%)

1st
quintile

2nd 3rd 4th
quintile quintile quintile  5th quintile

TAVI (n=864)

STS PROM (mean+SD)

30-day mortality - Kaplan-Meier estimate (no. of subjects with

events)

1-year mortality - Kaplan-Meier estimate (no. of subjects with

events)

2.540.6
1.2% (2)
1.7% (3)

3.6+0.2 4.3+0.2 5.0+0.3 6.7+1.0
1.7% (3) 1.2%(2) 2.9%(5) 3.5% (6)
5.8% (10) 7.0% (12) 5.8%(10) 12.2% (21)




Supplementary Table 3. Baseline characteristics of patients in the SAVR and TAVI

groups among the three different strata of STS PROM.

STS <3% STS 23 to <5% STS 25%

TAVI SAVR p-value TAVI SAVR p-value TAVI SAVR p-value

Number of patients 131 123 - 480 405 - 253 268 -

Age, years 75.1#6.5 75.4#55  0.67 80.0£5.7 79.9+5.7  0.76  82.3%5.6 81.446.0 0.08
Male sex 89(67.9) 84(68.3) 0.95 284(59.2) 227(56.0) 0.35 125(49.4) 127 (47.4) 0.64
Body surface area, m? 2.0£0.2  2.0£0.2 0.84 1.9+0.2  1.9%0.2 0.82 1.9+0.2  1.9%0.2 0.23
STS PROM, % 2.3+0.5  2.3#0.5 0.99 4.0:0.6  4.0+0.6 0.56 6.2¢1.0  6.3%1.1 0.17
Diabetes mellitus 30(22.9) 21(17.1) 0.25 163(34.0) 144(35.6) 0.62 102(40.3) 112(41.8) 0.73
Serum creatinine >2 mg/dl| 0(0.0) 1(0.8) 0.48 6(1.3) 5(1.2) 0.98 8(3.2) 11(4.1) 0.57
Prior stroke 6(4.6) 9(7.3) 0.36 31(6.5) 28(6.9) 0.79 20(7.9) 20(7.5) 0.85
Prior TIA 15(11.5) 5(4.1) 0.029 29(6.0) 22(5.4) 0.70 14(5.5) 19(7.1) 0.47

Peripheral vascular disease 25(19.1) 18(14.6) 0.34 140(29.2) 112(27.7) 0.62 101(39.9) 108(40.3) 0.93

Permanent pacemaker/ICD 9(6.9) 6(4.9) 0.50 47 (9.8) 35(8.6) 0.56 31(12.3) 38(14.2%) 0.52
Coronary artery disease 63 (48.1) 63(51.2) 0.62 306(63.8) 251(62.0) 0.59 172(68.0) 197(73.5) 0.17
Prior CABG 10(7.6)  9(7.3) 0.92 74(15.4) 67(165) 065 54(21.3) 61(22.8) 0.70
Prior PCI 28(21.4) 18(14.6) 0.16 96 (20.0) 85(21.0) 0.72 60(23.7) 66 (24.6) 0.81

Prior myocardial infarction 14(10.7) 10(8.1) 0.49 68 (14.2) 59 (14.6) 0.87 43(17.0) 42(15.7) 0.68

Congestive heart failure 112(85.5) 111(90.2) 0.5 468(97.5) 391(96.5) 0.40 244 (96.4) 267 (99.6) 0.009
History of arrhythmia 36(27.5) 34(27.6) 098 150(31.3) 120(29.6) 0.60 89(352) 96(35.8) 0.88
Atrial fibrillation/flutter 33(25.2) 28(22.8) 065 129(26.9) 93(23.0) 0.18 81(320) 90(33.6) 0.70
NYHA Class lll/IV 53(40.5) 60(48.8) 0.18 300(62.5) 235(58.0) 0.17 167(66.0) 168(62.7) 0.43

Body mass index <21 kg/m? 2(1.5) 6(4.9) 0.16 11(2.3) 10 (2.5) 0.86 7(2.8) 5(1.9) 0.49
Falls in past 6 months 7(5.3) 12(9.8) 0.16 56(11.7) 55(13.6) 0.38 39(15.4) 34(12.7) 037
5-metre gait speed >6 s 55(42.3) 56(45.9) 0.57 238(51.9) 198(51.6) 0.93 135(56.7) 149(58.2) 0.74
6-minute walk test (metres) 310+112 3004121 0.49 253+115 271+#118 0.027 227+108 226+108 0.87
Grip strength below threshold 81 (63.8) 81 (66.4) 0.67 293(63.1) 238(60.9) 0.49 145(60.4) 170(64.6) 0.33
Does not live independently 3(2.3) 3(2.4) 0.99 11(2.3) 12 (3.0) 0.53 4(1.6) 7(2.6) 0.55
Mod/severe lung disease 9(6.9) 4(3.3) 0.26 50(10.4) 44(10.9) 0.83 56(22.2) 58(21.6) 0.87
Home oxygen 4(3.1) 0(0.0) 0.12 8(1.7) 9(2.2) 0.55 6(2.4) 12 (4.5) 0.19

Immunosuppressive therapy 6 (4.6) 5(4.1) 0.84 27 (5.6) 22 (5.4) 0.90 31(12.3) 41(15.3) 0.31




STS PROM.

Supplementary Table 4. Baseline characteristics of patients in whole randomised population among the three different strata of

STS <3% STS >3 to <5% STS >5% STS <3% vs. STS<3%vs. | STS >3 to <5%
p-value
SAVR+TAVI N=254 SAVR+TAVI N=885 SAVR+TAVI N=521 STS >3 to <5% STS >5% vs. STS >5%

n (%) or mean+SD

Age, years 75.246.0 80.0£5.7 81.845.8 <0.0001 <0.0001 <0.0001 <0.0001
Male sex 173 (68.1) 511 (57.7) 252 (48.4) <0.0001 0.0029 <0.0001 0.0007
Body surface area, m? 2.0£0.2 1.9+0.2 1.9+0.2 <0.0001 <0.0001 <0.0001 <0.0001
STS PROM, % 23105 4.0£0.6 6.3:1.1 <0.0001 <0.0001 <0.0001 <0.0001
Diabetes mellitus 51 (20.1) 307 (34.7) 214 (41.1) <0.0001 <0.0001 <0.0001 0.0166
Serum creatinine >2 mg/dl 1(04) 11(1.2) 19 (3.6) 0.0016 0.4827 0.0063 0.0026
Prior stroke 15 (5.9) 59 (6.7) 40(7.7) 0.6195 0.6644 0.3672 0.4743
Prior TIA 20(7.9) 51(5.8) 33(6.3) 04714 0.2199 0.4253 0.6625
Peripheral vascular disease 43 (16.9) 252 (28.5) 209 (40.1) <0.0001 0.0002 <0.0001 <0.0001
Permanent pacemaker/ICD 15 (5.9) 82 (9.3) 69 (13.2) 0.0034 0.0908 0.0020 0.0200
Coronary artery disease 126 (49.6) 557 (62.9) 369 (70.8) <0.0001 0.0001 <0.0001 0.0026
Prior CABG 19 (7.5) 141 (15.9) 115 (22.1) <0.0001 0.0006 <0.0001 0.0040
Prior PCI 46 (18.1) 181 (20.5) 126 (24.2) 0.1048 0.4102 0.0561 0.1018
Prior myocardial infarction 24 (9.4) 127 (14.4) 85 (16.3) 0.0364 0.0423 0.0099 0.3201
Congestive heart failure 223 (87.8) 859 (97.1) 511 (98.1) <0.0001 <0.0001 <0.0001 0.2429
History of arthythmia 70 (27.6) 270 (30.5) 185 (35.5) 0.0477 0.3652 0.0270 0.0529
Atrial fibrillation/flutter 61 (24.0) 222 (25.1) 171 (32.8) 0.0031 0.7282 0.0120 0.0018
NYHA Class 11I/IV 113 (44.5) 535 (60.5) 335 (64.3) <0.0001 <0.0001 <0.0001 0.1514
Body mass index <21 kg/m? 8(3.1) 21(2.4) 12 (2.3) 0.7476 0.4885 0.4855 0.9336
Falls in past 6 months 19 (7.5) 111 (12.6) 73 (14.0) 0.0308 0.0250 0.0083 0.4349
5-metre gait speed >6 5 111 (44.0) 436 (51.7) 284 (57.5) 0.0021 0.0326 0.0005 0.0411
6-minute walk test (metres) 305.3+116.3 260.8+116.7 226.4+107.8 <0.0001 <0.0001 <0.0001 <0.0001
Grip strength below threshold 162 (65.1) 531 (62.1) 315 (62.6) 0.6965 0.3960 05139 0.8489
Does not live independently 6 (2.4) 23(2.6) 11(2.1) 0.8460 0.8328 0.8229 0.5655
Mod/severe lung disease 13(5.1) 94 (10.6) 114 (21.9) <0.0001 0.0084 <0.0001 <0.0001




Home oxygen

4(16)

17 (1.9)

18 (3.5)

0.1477

>0.9999

0.1701

0.0752

Immunosuppressive therapy

11 (4.3)

49 (5.5)

72 (13.8)

<0.0001

0.4482

<0.0001

<0.0001




Supplementary Table 5. Characteristics of design, patients and interventions by treatment group of the low to intermediate-
risk TAVI vs. SAVR studies.

Study Design Sample size Mean STS Mean EuroSCORE Age Access Valve type
TAVI  SAVR TAVI  SAVR TAVI SAVR TAVI SAVR TF TT Self-expanding  Balloon-expandable
(S;E)?SCATO RCT 34 36 3.1+15 3.4+£1.2 9.4+3.9 10.3+5.8 80.0£3.6  82.0+4.4 — 100% — 100%
NOTION (2015) RCT 145 135 29+16 3.1£1.7 8.4+4.0 8.9+55 79.2¢4.9  79.0+4.7 96.5% 3.5% 100% —
(PZ'%\?;NER 2 RCT 1,011 1,021 5.8+2.1 5.8£19 — — 81.5+6.7 81.7+6.7 76.3%  23.7% — 100%
SURTAVI (2017) RCT 864 796 4415 4516 11.9+76 11.6%8.0 79.9%6.2 79.7x6.1 94% 6% 100% —
SURTAVI(STS  por 131 123 23405 23:05 76449 8266 751465 754455  947%  53% 100% —

less than 3)

Supplementary Table 6. Single-digit endpoints of studies comparing TAVI vs. SAVR in low- to intermediate-risk patients.

e
TAVI  SAVR TAVI SAVR TAVI SAVR TAVI  SAVR  TAVI  SAVR  TAVI SAVR

STACCATO (2012) 3 months 58% 0%  58% 28%  58%  28%  13% 6% — — — —
NOTION (2015) 2 years 80%  98%  36% 54%  413%  42%  154%  09% 5.6% 15%  22.7% 60.2%
PARTNER 2 (2016) 2 years 167% - 180%  62%  64%  11.8% 103%  55% 0.6% 7.9% 50%  11.3% 27.3%
SURTAVI (2017) 2 years 114%  116%  2.6%  45%  259%*% 6.6%*  4.9% 0% 6.0%*  11%*  120%*  43.4%*
SURTAVI (STS less than 1 year 15%  57%  00% 17%  246% 34%  35% 0% 3.1% 0.0% 15.4% 47.3%

3)

" New-onset or worsening atrial fibrillation (Afib) for both NOTION and SURTAVI trials.

* 30-day event rates.
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