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Abstract

Aims: The aim of this study was to provide a real-world snapshot of contemporary Heart Team decision
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Methods and results: This was an international multicentre prospective registry encompassing
390 patients with symptomatic severe AS who were prospectively enrolled. Clinical endpoints and the
decisive arguments to opt for surgical or transcatheter aortic valve replacement, or medical therapy were
recorded separately. The mean age was 76.4+11.6 years, 55% were male and the STS score was 2.9% (IQR
1.6-6.9). The local Heart Teams considered 43%, 25% and 23% to be at low, intermediate and high opera-
tive risk with a calculated STS score of 2.18+1.72, 5.08+2.76 and 13.1549.43, respectively. Overall, 7%
were deemed inoperable. Ninety-four percent of patients at low operative risk were sent for SAVR whereas
64% and 92% of intermediate and high-risk patients underwent TAVI. Only 6% of patients did not receive
any kind of aortic valve replacement. Overall, 30-day all-cause mortality was 2.8%. TAVI was associated
with more major vascular complications, need for permanent pacemakers and post-procedural aortic regur-

gitation. SAVR had more life-threatening bleedings and new-onset atrial fibrillation.

Conclusions: The PRAGMATIC AS survey offers a snapshot of the contemporary management of patients
with symptomatic severe AS. Multidisciplinary Heart Teams select an optimal strategy based on age, frailty
and comorbidities. Nearly half of all patients are sent for TAVI. Only a small minority of patients will not

receive valve replacement therapy.
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Introduction

Symptomatic severe aortic stenosis (AS) is the most common val-
vular heart disease requiring valve replacement in the adult popu-
lation of Western societies. Apart from symptomatic relief, aortic
valve replacement improves long-term survival'?.

Prior to the introduction and adoption of transcatheter aor-
tic valve implantation (TAVI), up to 40% of patients with severe
symptomatic AS did not undergo aortic valve replacement because
of old age, LV dysfunction or comorbidities®.

TAVI is a less invasive alternative to surgical aortic valve replace-
ment (SAVR) and may be considered in patients with a (very) high
estimated risk of mortality or complications after SAVR*S. The
explosive uptake of TAVI has evoked a paradigm shift in the treat-
ment of patients with degenerative AS. Updated joint guidelines
on valvular heart disease from both sides of the Atlantic formulate
several recommendations related to TAVI: 1) a decision for TAVI
requires a multidisciplinary Heart Team discussion and consensus; 2)
TAVI should be considered for inoperable patients with AS and a life
expectancy exceeding one year (class IB recommendation) or can be
an alternative to SAVR in patients with a high operative risk (class
ITA recommendation)*®. Established surgical risk models, such as the
Society of Thoracic Surgeons (STS) score and logistic EuroSCORE
perform relatively poorly in the (very) high-risk populations cur-
rently considered for TAVIC. Furthermore, novel insights into these
particular patient populations have revealed relatively common risk
variables that are not considered in these models yet influence the
Heart Team consensus’®. The aim of the Pooled-Rotterd Am-Milano-
Toulouse In Collaboration Aortic Stenosis (PRAGMATIC AS) sur-
vey was to provide a real-world snapshot of contemporary Heart
Team decision making and the consequent clinical implications and

outcome in patients with severe degenerative AS.

Methods

All consecutive patients above 50 years old with symptomatic
severe degenerative AS who presented to the multidisciplinary
Heart Teams of the Erasmus Medical Center in Rotterdam, Clinique
Pasteur in Toulouse, Hopital Rangueil in Toulouse and San Raffaele
Scientific Institute in Milan from 1 February to 30 April 2014 were
enrolled in a prospective web-based electronic database. The multi-
disciplinary Heart Teams consisted of a core minimum of a cardiac
surgeon and an interventional cardiologist but in general were com-
pleted by imaging specialists, anaesthesiologists and other special-
ists involved. Severe AS was defined by an aortic valve area (AVA)
<1.0 cm? (or aortic valve area index [AVAi] <0.6 cm*m?) with
a mean transvalvular gradient >40 mmHg (or Vmax >4.0 m/sec by
resting echocardiogram [or dobutamine stress echocardiogram, if
the subject had a left ventricular ejection fraction (LVEF) <55%])
or time velocity ratio <0.25. Congenital AS (except bicuspid aortic
valve disease), any other concomitant severe valve disorder requir-
ing surgical valve treatment and moderate AS for which SAVR was
planned in combination with other cardiac surgery (coronary artery
bypass grafting [CABG], valve replacement, ascending aorta) were

formal exclusion criteria.

Patient demographics, estimated surgical risk by calculating
STS, logistic EuroSCORE and EuroSCORE II and other variables
which were considered by the respective local Heart Teams were
collected in electronic case report forms (¢CRF). We also captured
how frailty was assessed. Eye-ball testing, Katz index, walking-
aid dependence, gait speed, hand-grip testing were recorded if
applied. The decisive arguments to opt for SAVR, TAVI or medi-
cal therapy were recorded separately. All-cause mortality and disa-
bling stroke at 30 days were also collected with time 0 being the
procedure day (for SAVR and TAVI) or the day of final decision to
defer any invasive procedure by Heart Team consensus. Mortality
and stroke data after hospital discharge were collected from hos-
pital charts and by contacting the respective national civil registry,
referring physician or general practitioner. Other endpoints were
collected according to the most recent Valve Academic Research
Consortium (VARC) endpoint definitions’. In accordance with
the Declaration of Helsinki, the respective institutional review
boards approved the prospective data collection. All patients who
underwent surgical or catheter-based treatment provided written

informed consent for the procedure.

STATISTICAL ANALYSIS

Categorical variables are presented as frequencies and percent-
ages, and compared with the use of the Pearson’s chi-square test
or the Fisher’s exact test, as appropriate. Continuous variables
are presented as means (£SD) in case of a normal distribution,
or medians (IQR) in case of a skewed distribution, and compared
with the use of analysis of variance. Normality of the distributions
was assessed using the Shapiro-Wilk test. A two-sided alpha level
of 0.05 was used for all superiority testing. The statistical analyses
were performed using SPSS software, Version 20.0 (IBM Corp.,
Armonk, NY, USA).

Results
A total of 467 patients were enrolled (Figure 1). Thirty-four
patients did not meet the inclusion criteria and were therefore

removed from further analysis, leaving a total of 433 patients.

467 patients
included in the eCRF
>| 34 patients with formal
7 exclusion criteria
433 eligible patients
43 patients with essential
” data missing
\
v v
24 medical therapy 166 TAVI 200 SAVR

Figure 1. Patient flow chart. SAVR: surgical aortic valve
replacement; TAVI: transcatheter aortic valve implantation



The PRAGMATIC AS survey

Medical therapy
6%

Due to loss to follow-up and missing data, 43 patients were not
included, leading to the final population of 390 patients. The
relative proportion of patients with incomplete data was simi-
lar for the three treatment cohorts (OMT 17%, TAVR 14% and
SAVR 18%, p=0.47). The division among the participating cen-
tres was as follows: Clinique Pasteur n=145 (37%), Hopital
Rangueil n=109 (28%), Erasmus Medical Center n=68 (17.5%),
and San Raffaele Scientific Institute n=68 (17.5%). Overall, 51%
of patients underwent SAVR, 43% TAVI and 6% medical therapy
(Figure 2). Relative proportions among therapies (SAVR: TAVI:
medical therapy) varied across the centres: Pasteur 55:40:5;
Rangueil 63:32:5, Erasmus 40:38:12 and San Raffaele 35:59:6,
respectively.

Figure 2. Relative proportion of surgical aortic valve replacement
(SAVR), transcatheter aortic valve implantation (TAVI) and medical
therapy.
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Mean age was 76.4+11.6 years, 55% were male and mean STS
PROM score was 2.9 (1.6-6.9). Patients selected for SAVR were
more often female (63% vs. 54% for medical therapy and 52%

Table 1 displays the baseline demographics including substrati-
fication according to the selected treatment strategy.

Table 1. Baseline demographics, overall and stratified per treatment arm.

Overall n=390 OMT n=24 ‘ TAVI n=166 SAVR n=200 p-value

Age (yrs) 76.4x11.6 80.8+9.2* 81.2+11.5* 71.9+£10.0* <0.001
Male gender (%) 216/390 (55.4) | 11/24 (45.8) 79/166 (47.6) | 126/200 (63.0) 0.008
Body mass index 27.0£5.0 24.9+4.6* 26.3+4.6* 27.9+5.1* 0.001
Hypertension (%) 280/379 (73.9) | 17/23 (73.9) 131/163 (80.4) | 132/193 (68.4) 0.04
Hypercholesterolaemia (%) 192/372 (51.6) | 10/22 (45.5) 82/156 (52.6) | 100/194 (51.5) 0.82
Diabetes mellitus Oral medication (%) 61/387 (15.8) 4/23 (17.4) 33/166 (19.9) | 24/198 (12.1) 0.16

Insulin-dependent (%) 41/387 (10.6) 4/23 (17.4) 19/166 (11.4) 18/198 (9.1)
Previous cerebrovascular accident (%) 31/385 (8.1) 4/24 (16.7) 16/163 (9.8) 11/198 (5.6) 0.09
Previous TIA (%) 17/386 (4.4) 2/23 (8.7) 9/165 (5.5) 6/198 (3.0) 0.31
Previous myocardial infarction (%) 28/386 (7.3) 2/23 (8.7) 19/164 (11.6) 7/199 (3.5) 0.01
Previous CABG (%) 31/386 (8.0) 2/24 (8.3) 25/164 (15.2) 4/198 (2.0) <0.001
Previous PCI (%) 89/383 (23.2) 5/24 (20.8) 47/161 (29.2) | 37/198 (18.7) 0.06
Previous valve surgery (%) 20/387 (5.2) 1/24 (4.2) 12/164 (7.3) 7/199 (3.5) 0.26
Atrial fibrillation (%) 111/384 (28.9) | 11/24 (45.8) 67/163 (41.1) | 33/197 (16.8) <0.001
Oral anticoagulation (%) 103/383 (26.9) 6/24 (25.0) 62/162 (38.3) 35/197 (17.8) <0.001
Permanent pacemaker or AICD (%) 26/383 (6.8) 3/23 (13.0) 19/162 (11.7) 4/198 (2.0) 0.001
Peripheral vascular disease (%) 59/379 (15.6) 8/23 (34.8) 32/159 (20.1) 19/197 (9.6) 0.001
Chronic kidney disease Mild (%) 61/389 (15.7) 1/24 (4.2) 14/166 (8.4) 46/199 (23.1)

Moderate (%) 79/389 (20.3) 2/24 (8.3) 46/166 (27.7) | 31/199 (15.6) <0.001

Severe (%) 47/389 (12.1) 7/24 (29.2) 31/166 (18.7) 9/199 (4.5)
Chronic obstructive pulmonary disease (%) 47/372 (12.6) 2/23 (8.7) 27/165 (16.4) 18/184 (9.8) 0.15
Pulmonary hypertension | Mild (%) 38/339 (11.2) 1/24 (4.2) 16/159 (10.1) 21/156 (13.5)

Moderate (%) 55/339 (16.2) 5/24 (20.8) 32/159 (20.1) | 18/156(11.5) <0.001

Severe (%) 56/339 (16.5) 5/24 (20.8) 43/159 (27.0) 8/156 (5.1)
Oncological status Active (%) 17/387 (4.4) 3/24 (12.5) 12/164 (7.3) 2/199 (1.0) 0.001

History (%) 43/387 (11.1) 6/24 (25.0) 18/164 (11.0) | 19/199 (9.5)
New York Heart | (%) 11/370 (3.0) 0/21 2/161 (1.2) 9/188 (4.8)
Gl 11 (%) 156/370 (42.2) | 5/21(23.8) | 42/161 (26.1) |109/188 (58.0)

11 (%) 162/370 (43.8) | 10/21 (47.6) 106/161 (65.8) 46/188 (24.5) <0.001

IV (%) 11/370 (3.0) 2/21 (9.5) 6/161 (3.7) 3/188(1.6)
Canadian Cardiovascular | | (%) 111/368 (30.2) 7/20 (35.0) 50/157 (31.8) | 54/191 (28.3) 0.44
Society Class Il (%) 36/368 (9.8) | 2/20(10.0) | 12/157(7.6) | 22/191 (11.5)

11 (%) 5/368 (1.4) 0/20 0/157 5/191 (2.6)

IV (%) 1/368 (0.3) 0/20 1/157 (0.6) 0/191




m
=
=
=
=
=
(1]
=
<
(1]
=
=
o
=
N
o
=
()]
—
—
o
=
w
o
(3]
'
o
-
w
—_
w

for TAVI, p=0.006), younger (71.9+10 vs. 80.8+9.2 for medical
therapy and 81.2+11.5 for TAVI, p<0.001) and had less cardio-
vascular antecedents or moderate/severe chronic kidney disease.
Conversely, patients selected for TAVI or medical therapy had
more pulmonary hypertension, AF, permanent pacemakers and
underlying active malignancy. Poor LV function and more than
moderate aortic or mitral regurgitation were more frequent in
patients with medical therapy (Table 2).

Significantly, more patients undergoing SAVR had a bicuspid
aortic valve. SAVR patients were more often in NYHA Class 11
as compared to NYHA Class III or Class IV in patients selected
for TAVI or medical therapy. Patient risk estimation is detailed in
Table 3.

The local Heart Teams considered 43%, 25% and 23% at low,
intermediate and high operative risk with a calculated STS score
of 2.18+1.72, 5.0842.76 and 13.15+9.43, respectively. Overall,

7% were deemed inoperable. The rationale to deem a patient
inoperable is described in Appendix Table 1. Calculated sur-
gical risk was significantly higher with medical therapy and
TAVI with STS PROM 9.5% (5.6-14.6) and 6.4% (4.0-11.5)
vs. 2.0% (1.4-3.2) for SAVR patients (p<0.001), respectively.
Almost all patients at low operative risk (94%) underwent
SAVR and nearly 80% of patients undergoing SAVR were at
low risk. Of the 99 patients at intermediate risk, 64% under-
went TAVI and 36% SAVR. The majority of patients at high risk
were sent for TAVI. Overall, 26 patients (7%) were considered
inoperable and treated medically in 58% and with TAVI in the
remainder. Operative risk was more than intermediate in 56%
of the TAVI cohort. Tahle 3 details the reasons for inoperabil-
ity. Overall, 35% of patients were considered frail with higher
relative proportions in patients with medical therapy (67%) and
TAVI (59%). Frailty was predominantly a clinical diagnosis

Table 2. Baseline echocardiography and coronary angiography data.

Overall
n=390
Echocardiography
Left ventricular | Good (%) 293/385 (76.1) 11/24 (45.8) | 106/164 (64.6) | 176/197 (89.3)
systolic function 'y e ate (o) 60/385 (15.6) 7/24(29.2) | 38/164(23.2) | 15/197 (7.6) | <0.001
Poor (%) 32/385 (8.3) 6/24 (25.0) |  20/164 (12.2) 6/197 (3.0)
Lgft velntricular Normal (%) 56/261 (21.5) 2/15 (13.3) 27/133 (20.3) 27/113 (23.9)
fl:f]sctt?(')'rf Disturbed relaxation (%) 135/261 (51.7) 4/15(26.7) | 64/133(48.1) | 67/113 (59.3) 0011
Pseudo-normalisation (%) 51/261 (19.5) 6/15 (40.0) 32/133 (24.1) 13/113 (11.5)
Restrictive (%) 19/261 (7.3) 3/15(20.0) |  10/133 (7.5) 6/113 (5.3)
Left ventricular ejection fraction 55.1+12.8 42.9+14.1* 52.6+13.3* 59.0+£10.4* <0.001
Peak velocity 4.25 (3.80-4.76) | 5.00 (3.70-5.00) | 4.10 (3.54-4.60) | 4.30 (4.00-4.75) 0.036
Peak gradient 71.5 (58.0-89.0) | 86.5 (47.8-102.3)| 70.0 (56.0-81.0) | 73.0 (63.0-91.0) 0.40
Mean gradient 46.0 (34.8-57.0) | 51.0(32.0-59.0) | 45.0 (36.3-52.0) | 47.0 (40.0-57.0) 0.23
Aortic valve area, cm? 0.73+0.17 0.73+0.21 0.70+0.17* 0.75£0.17* 0.04
Aortic valve Bicuspid (%) 33/370 (8.9) 0/18 3/163 (1.8) 30/189 (15.9) <0.001
Tricuspid (%) 337/370 (91.1) 18/18 (100.0) 160/163 (98.2) | 159/189 (84.1)
Aortic None (%) 97/333 (29.1) 3/18(16.7) | 44/158(27.8) | 50/157 (31.8)
regurgitation  Fyriig (%) 149/333 (44.7) 5/18(27.8) |  75/158 (47.5) |  69/157 (43.9)
Moderate (%) 48/333 (14.4) 6/18(33.3) | 17/158(10.8) |  25/157 (15.9) 0.04
Moderate-severe (%) 11/333 (3.3) 0/18 6/158 (3.8) 5/157 (3.2)
Severe (%) 28/333 (8.4) 4/18 (22.2) |  16/158 (10.1) 8/157 (5.1)
Mitral None (%) 104/341 (30.5) 2/18(11.1) | 39/159 (24.5) |  63/164 (38.4)
regurgitation  Fyriig (%) 166/341 (48.7) 518 (27.8) | 82159 (51.6) | 79164 (48.2)
Moderate (%) 60/341 (17.6) 9/18 (50.0) | 30/159(18.9) | 21/164(12.8) | <0.001
Moderate-severe (%) 7/341 (2.1) 1/18 (5.6) 5/159 (3.1) 1/164 (0.6)
Severe (%) 4/341 (1.2) 1/18 (5.6) 3/159 (1.9) 0/164
Significant Left main (%) 9/357 (2.5) 0/21 4/151 (2.6) 5/185 (2.7) 0.75
DL Left anterior descending (%)|  68/382 (17.8) 3/23 (87.0) 24/162 (14.8) |  41/197 (20.8) 0.28
Right coronary artery (%) 67/383 (17.5) 523 (21.7) | 27/162(16.6) | 35/197 (17.8) 0.82
Circumflex (%) 37/384 (9.6) 2/23 (8.7) 12/161 (7.5) 23/200 (11.5) 0.43




Table 3. Risk assessment.

The PRAGMATIC AS survey

Overall

n=390
STS score 2.9 (1.6-6.3) 9.5 (5.6-14.6) 6.4 (4.0-11.5) 2.0(1.4-3.2) <0.001
Logistic EuroSCORE 7.8 (4.0-15.7) 41.2(11.4-59.8) | 16.7 (11.2-26.6) 5.7 (3.2-8.6) <0.001
EuroSCORE I 2.3(1.4-4.9) 5.1 (2.3-14.4) 5.8 (3.4-9.5) 1.8 (1.2-2.7) <0.001
ACEF 1.33(1.12-1.71) | 2.24 (1.45-3.19) | 1.53 (1.33-2.03) | 1.25(1.08-1.41) <0.001

Heart Team decision

Concomitant disease

Low (%) 169/390 (43.3) 0/24 10/166 (6.0) 159/200 (79.5)
Intermediate (%) 99/390 (25.4) 0/24 63/166 (38.0) 36/200 (18.0)
High (%) 89/390 (22.8) 2/24 (8.3) 82/166 (49.4) 5/200 (2.5)
Inoperable (%) 26/390 (6.7) 15/24 (62.5) 11/166 (6.6) 0/200
Refusal (%) 4/390 (1.0) 4/24 (16.7) 0/166 0/200
Anatomy not suitable (%) 3/390 (0.8) 3/24 (12.5) 0/166 0/200

Operative impediments

Neurological dysfunction (%) 16/383 (4.2) 3/22 (13.6) 9/165 (5.5) 4/196 (2.0) 0.02
Dementia (%) 5/388 (1.3) 2/24 (8.3) 3/165 (1.8) 0/199 0.002
Connective tissue disease (%) 7/386 (1.8) 1/24 (4.2) 5/165 (3.0) 1/197 (0.5) 0.14
Peptic ulcer disease (%) 17/388 (4.4) 2/24 (8.3) 10/165 (6.1) 5/199 (2.5) 0.16
Liver disease (%) 5/387 (91.3) 1/24 (4.2) 4/165 (2.4) 0/198 0.06

Frailty markers

LIMA attached to sternum (%) 45/386 (11.7) 1/24 (4.2) 27/165 (16.4) 17/197 (8.6) 0.04
Hostile chest (%) 20/388 (5.2) 1/24 (4.2) 12/166 (7.2) 7/198 (3.5) 0.28
Porcelain aorta (%) 14/384 (3.6) 0/24 14/163 (8.6) 0/197 <0.001

Frail according to operator (%) 136/390 (34.9) 16/24 (66.7) 99/166 (59.6) 21/200 (10.5) <0.001
Frail according to eye-ball test (%) 48/309 (15.5) 5/22 (22.7) 42/158 (26.6) 1/129 (0.8) <0.001
Wheelchair bound (%) 6/365 (1.6) 3/21 (14.3) 2/152 (1.3) 1/192 (0.5) <0.001
Resides in institutional care facility (%) 1/376 (0.3) 0/22 1/160 (0.6) 0/194 0.51
Body mass index >20 (%) 14/389 (3.6) 3/24 (12.5) 7/166 (4.2) 4/199 (2.0) 0.03
Grip strength <16 kg (%) 30/248 (12.1) 6/15 (40.0) 24/110 (21.8) 0/123 <0.001
Katz index <4 (%) 12/310 (3.9) 3/14 (21.4) 9/108 (8.3) 0/188 <0.001
Albumin <3.5 g/dl (%) 10/129 (4.1) 1/15 (6.7) 9/114 (7.9) 0/113 0.01
5-metre gait speed >6 sec (%) 33/245 (13.5) 4/15 (26.7) 25/109 (22.9) 4/121 (3.3) <0.001

rather than based on physical testing or frailty risk calculation.
Anatomical impediments for SAVR were relatively scarce. All
patients with porcelain aorta (8%) underwent TAVI. Of note,
LIMA attachment to the sternum was never considered a formal
reason for inoperability.

Procedure
Procedural details are displayed in Tahle 4 and Table 5. Of the
SAVR patients, 8% received a mechanical prosthesis, 73.5%
a stented bioprosthesis and 16.5% a stentless bioprosthesis.
Coronary revascularisation was more frequent in patients under-
going SAVR (34% vs. 10.8%).

TAVI evolved under general anaesthesia in 71% of cases using
primarily a transfemoral approach (83%). Balloon predilatation
was performed in 71% of cases. The Edwards balloon-expandable

valve (Edwards Lifesciences, Irvine, CA, USA) and the self-
expanding CoreValve® (Medtronic, Minneapolis, MN, USA) were
most frequently used. Balloon post-dilatation was needed in 16%
of cases.

Clinical outcome
Overall, 30-day all-cause mortality was 2.8% (TAVI 6% vs. SAVR
0.5%) (Table 6).

The background risk profile of the patients who died is dis-
played in Appendix Table 2. TAVI was associated with signifi-
cantly more major vascular complications, need for permanent
pacemakers and post-procedural aortic regurgitation. SAVR had
more life-threatening bleedings and new-onset atrial fibrillation.
Length of hospital stay with SAVR was nine days (IQR 8-12) vs.
eight days (IQR 6.3-110) with TAVI (p<0.001).
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Table 4. Procedural characteristics related to surgical aortic
valve replacement.

procedure

Manufacturer St. Jude Medical 30/193 (15.5%)
Sorin 18/193 (9.3%)
Edwards Lifesciences 137/193 (71.0%)
Medtronic 8/193 (4.1%)

Valve size 19 mm 12/189 (6.3%)
21 mm 49/189 (25.9%)
23 mm 76/189 (40.2%)
25 mm 42/189 (22.2%)
27 mm 10/189 (5.3%)

Concomitant CABG 68/200 (34.0%)

Left atrial appendage closure

5/200 (2.5%)

MAZE

8/200 (4.0%)

Cardiopulmonary bypass time (min) 71 (0-96)
Cross-clamp time (min) 50 (25-56)
Circulatory arrest time (min) 31 (25-49)

Discussion

The prospective PRAGMATIC AS survey represents a snapshot

of contemporary management of patients with degenerative AS in

selected countries in Europe and highlights the following. 1) Risk

estimation was primarily based on Heart Team decision. 2) Overall,

nearly half of the patients were considered at low operative risk

(these patients were predominantly sent for SAVR), a quarter of

patients were at intermediate risk (two thirds of these underwent
TAVI), and almost all patients at high risk were sent for TAVI.

Table 6. Clinical outcome at 30-day follow-up.

Overall

n=390

Table 5. Procedural characteristics related to transcatheter aortic

valve implantation.

Anaesthesia | Conscious sedation

48/164 (29.3%)

General

116/164 (70.7%)

Mechanical ventilation

110/165 (66.7%)

Access site Left femoral 12/166 (7.2%)
Right femoral 127/166 (76.5%)
Subclavian 4/166 (2.4%)
Direct aortic 9/166 (5.4%)
Transapical or other 14/166 (8.4%)

Sheath size 14 mm 21/155 (13.5%)
16 mm 7/155 (4.5%)
18 mm 95/155 (61.3%)
19 mm 4/155 (2.6%)
20 mm 23/155 (14.8%)
24 mm 3/155 (1.9%)
29 mm 2/155 (1.3%)

Pre-TAVI balloon valvuloplasty

112/160 (70%)

Valve type Edwards Centera

1/164 (0.6%)

Edwards SAPIEN

58/164 (35.4%)

Medtronic CoreValve®

63/164 (38.4%)

Boston Scientific Lotus™ valve

18/164 (11.0%)

Direct Flow Medical® valve

5/164 (3.0%)

St. Jude Portico™

9/164 (5.5%)

Symetis valve

2/164 (1.2%)

Other valve type

8/164 (4.9%)

Valve in failed bioprosthesis

7/164 (4.3%)

Repositioning required

13/165 (7.9%)

Post-dilatation

271166 (16.3%)

Second valve implanted

4/165 (2.4%)

30-day mortality All-cause (%) 11/390 (2.8) 0/24 10/166 (6.0) 1/200 (0.5) 0.004
Cardiovascular (%) 9/390 (2.3) 0/24 8/166 (4.8) 1/200 (0.5) 0.017
Major stroke Non-disabling (%) 2/386 (0.5) 0/24 2/166 (1.2) 0/196 o
Disabling (%) 6/386 (1.6) 1724 (4.2) 3/166 (1.8) 2/196 (1.0)
Transient ischaemic attack (%) 4/383 (1.0) 0/24 1/165 (0.6) 3/194 (1.5) 0.60
Life-threatening bleeding (%) 18/386 (4.7) 0/24 4/165 (2.4) 14/197 (7.1) 0.05
Major vascular complication (%) 10/381 (2.6) 0/23 8/165 (4.8) 2/193 (1.0) 0.06
Acute kidney injury None (%) 339/388 (87.4) | 22/24 (91.7) | 153/166 (92.2) | 164/198 (82.8)
Stage 1 (%) 28/388 (7.2) 1/24 (4.2) 6/166 (3.6) 21/198 (10.6)
Stage 2 (%) 9/388 (2.3) 0/24 3/166 (1.8) 6/198 (3.0) 0:26
Stage 3 (%) 8/388 (2.1) 1/24 (4.2) 3/166 (1.8) 4/198 (2.0)
Dialysis required (%) 5/386 (1.3) 0/23 2/166 (1.2) 3/197 (1.5) 0.68
Permanent pacemaker requirement (%) 34/386 (8.8) 0/23 271166 (16.2) 71197 (3.6) <0.001
New left bundle branch block (%) 23/386 (6.0) 0/24 19/164 (11.6) 4/198 (2.0) 0.004
New-onset atrial fibrillation (%) 71/386 (18.4) 0/24 7/166 (4.2) 64/196 (32.7) <0.001
Paravalvular aortic <moderate (%) 323/360 (75.8) 146/149 (98) 14/187 (7.5)
regurgitation Moderate-severe (%) 1/360 (0.3) 1/149 (0.7) 01187 <0.001
Length of stay (days), med (IQR) 9.0 (7.0-11.0) 3.0 (1.0-5.0) 8.0 (6.3-10.0) | 9.0(8.0-12.0) <0.001




3) Overall, 30-day all-cause mortality was low, being highest for
patients at higher operative risk, and neurological events were rare.
4) TAVI was associated with more permanent pacemaker implanta-
tions and shorter hospital stay compared to SAVR.

The average STS score of 2.9% and the mean age of 76 years
in the PRAGMATIC AS survey are evidently higher than those
described in other comprehensive AS registries because we deliber-
ately excluded patients below 50 years of age. A recent analysis from
the STS database on 141,905 patients undergoing SAVR mainly for
AS presented a mean age of 67.6 years and a median STS score of
1.8%!"°. Furthermore, the Euro Heart Survey studied patients with
severe native valvular heart disease and a mean age of 65+14 years
with 16.8% <50 years'. In the PRAGMATIC AS survey, 43% of
patients were deemed low operative risk and 25%, 23% and 7%
intermediate, high operative risk and inoperable, respectively. This
relative proportion of low-risk patients differs from the previously
mentioned STS database study which judged 80% of patients at
low risk, defined by an STS score <4% with a mean STS score of
1.67+0.94. The exclusion of patients below 50 years and a chang-
ing risk scoring paradigm may explain this difference. Indeed, in the
PRAGMATIC AS survey the individual patient’s operative risk was
determined by the multidisciplinary Heart Team rather than by rely-
ing on surgical risk models**. Established surgical risk calculators
perform poorly in elderly patients with multiple comorbidities®!'-.
However, surgical risk models are still valuable in characterising
larger study cohorts and, rather than being decisive, should comple-
ment the Heart Team discussion process®.

Overall, half of the patients underwent SAVR, 43% TAVI and
6% medical therapy. In the German Aortic Valve Registry (GARY)
encompassing 13,860 AS patients from 78 sites and covering 55%
of all aortic valve interventions nationwide in the year 2011, 72%
underwent SAVR and 28% TAVI". Similar to the PRAGMATIC
AS survey, SAVR patients were largely 10 years younger with
fewer comorbidities. The PRAGMATIC AS survey suggests that
TAVI filled a void that existed in clinical AS practice, as only 6%
of patients were treated medically in contrast with one third of the
patients in the Euro Heart Survey more than a decade ago'?.

In the PRAGMATIC AS survey, two thirds of patients treated
medically or with TAVI were considered frail based on clinical
judgement. Importantly, frailty indices were not frequently applied
in real practice. Patients were inoperable predominantly due to
a combination of frailty and multiple comorbidities. A recent anal-
ysis of the inoperable arm (cohort B) of the PARTNER (Placement
of Aortic Transcatheter Valve) trial revealed that one quarter of
patients were deemed technically inoperable and the others clini-
cally inoperable due to frailty or multiple comorbidities's. Also,
in the US CoreValve extreme and high-risk study, frailty was
common, illustrated by a 5-metre gait speed >6 seconds in 80%
of patients''8. Furthermore, in the comprehensive Society of
Thoracic Surgeons/American College of Cardiology (STS/ACC)
Transcatheter Valve Therapies Registry on 12,182 patients from
299 US hospitals with a median STS score of 7.1%, 40% were
considered frail with a 5-metre gait speed >6 sec'.

The PRAGMATIC AS survey

In the PRAGMATIC AS survey, TAVI was the preferred strat-
egy in almost all patients deemed at high risk and in two thirds
of intermediate-risk patients. Faster ambulation, shorter recovery
time, quicker improvements in quality of life and patient prefer-
ence may stimulate growing adoption of TAVI and a shift towards
a more liberal use of TAVI. Data from the Munich Heart Center
from 2010 already suggested a trend towards treating lower-risk
patients (mean STS score of 4.8+2.6%) with TAVI®. In addi-
tion, Wenaweser et al reported on a TAVI cohort of 389 con-
secutive patients. Almost half of this cohort had an intermediate
surgical risk per Heart Team decision with an STS <3% in 10%
and STS >3% and <8% in 65%?'. The Bern-Rotterdam-Munich
(BERMUDA) study compared 255 propensity-matched pairs of
patients undergoing either TAVI or SAVR with an intermediate
risk defined as an STS score between 3% and 8%. There was no
difference in all-cause 30-day (7.8% vs. 7.1%, p=0.074) and one-
year mortality (16.5% vs. 16.9%, p=0.64)*. Patient selection for
TAVI seems to be driven by age rather than by the calculated oper-
ative risk since in both the GARY registry and the PRAGMATIC
AS survey the average age of the TAVI cohort was 10 years higher
as compared to the SAVR cohort (81.2+11.5 vs. 71.9£10).

Transfemoral access with either a balloon-expandable or self-
expanding THV was the predominant TAVI strategy. In 2014 other
transfemoral THV designs became available and will undoubtedly
acquire market share in the near future. The majority of TAVI cases
evolved under general anaesthesia. In the 2011-2012 pilot European
Sentinel Registry of TAVI, encompassing 4,571 patients from 137
centres in 10 European countries, general anaesthesia was used in
63% of cases as compared to 44% in the GARY registry'>%.

The all-cause mortality rate at 30 days in the entire PRAGMATIC
AS survey was 2.8% and is similar to the 3% in the STS data-
base'®. The SAVR cohort with an STS PROM score of 2% showed
a 30-day mortality rate of only 0.5%, which compares favourably
with the 1.9% 30-day mortality rate in the low-risk STS database
subset with an STS PROM score of 1.46%. The TAVI cohort that
covered the entire spectrum of operative risk had an estimated STS
PROM score of 6.4% and an actual 6% 30-day mortality rate. In the
ADVANCE study, 1,015 patients with a median STS PROM score
of' 5.1% (IQR 3.6-7.8) and age 81.1 years, the 30-day all-cause mor-
tality rate was 4.5%. In the STS/ACC Transcatheter Valve Therapies
Registry, the 30-day mortality rate was 7% (CI: 6.5%-7.4%) with
a median STS score of 7.1%. The GARY registry reported in-hos-
pital mortality of 2.1% to 4.5% after SAVR and 5.1% to 7.7% after
TAVI'>2, Wenaweser et al reported gradually higher all-cause mor-
tality per STS score tertiles: 2.4% in the cohort with STS score <3%,
3.9% in the cohort with STS score 3%-8% and 14.9% in the cohort
with STS >8%?'". The PRAGMATIC AS survey corroborates find-
ings from randomised trials comparing TAVI and SAVR in high-risk
patients'”?: in comparison with SAVR, TAVI was associated with
more vascular complications and need for permanent pacemaker but
with less life-threatening bleedings and new-onset atrial fibrillation.
Neurological events were relatively scarce in both treatment arms.
Furthermore, length of stay appeared shorter after TAVI.

€1€12-60€12:11°910¢ uopuaniduoiny MW



m
=
=
=
=
=
(1]
=
<
(1]
=
=
o
=
N
o
=
()]
—
—
o
=
w
o
(3]
'
o
-
w
=
w

Limitations

The PRAGMATIC AS survey only considered patients who were
referred to the respective departments of cardiology and cardio-
thoracic surgery. Therefore, this survey is susceptible to referring
practices. This may, for instance, result in underrepresentation of
inoperable patients who were not referred for treatment. The par-
ticipating centres prospectively entered all data in an eCRF; how-
ever, there was no independent clinical events committee. Data
follow-up was complete for 90% of patients. The remaining 10%
was equally distributed over the different treatment modalities
(OMT 17%, TAVR 14% and SAVR 18%, p=0.47). We therefore
believe our database does represent a reliable snapshot of contem-
porary practice in the four participating centres.

Conclusion

The PRAGMATIC AS survey offers a snapshot of the contem-
porary management of patients with symptomatic severe AS.
Multidisciplinary Heart Teams select an optimal strategy based on
age, frailty and comorbidities. Nearly half of patients are sent for
TAVI. Only a small minority of patients will not receive valve
replacement therapy.

Impact on daily practice

Currently, in selected countries in Europe, multidisciplinary
Heart Teams determine an individual’s operative risk and
appear to select TAVI as the preferred treatment strategy for
elderly patients at moderate to high operative risk. Only a
small minority of patients will not receive valve replacement
therapy. Competent authorities may need to adjust reimburse-
ment policies and expand to a broader set of patients with
severe AS.
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Appendix

Appendix Table 1. Patient level rationale for inoperability.
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Intervention type STS score Logistic EuroSCORE Reason
oOMT 60.8 69.0 Calculated risk, age, comorbidities, poor LV function
OoMT 5.6 25.8 Mental disorder, frailty, comorbidities
OoMT 14.6 59.8 Estimated life expectancy <1 year
OoOMT 4.5 11.4 Age, comorbidities, frailty
oMT 10.2 19.1 Calculated risk, age, frailty, poor LV function
omMT Dementia
oMT Frailty, dementia
OMT 7.2 7.7 Age, frailty, dementia
oOMT 8.9 44.7 Calculated risk, age, frailty, poor LV function
OoOMT 12.2 41.2 Estimated life expectancy <1 year
oMT Comorbidities
oMT Comorbidities
OoOMT Age
OoOMT Age, frailty
oOMT Age
TAVI 8.7 66.0 Calculated risk, age, frailty, comorbidities
TAVI 1.8 7.8 Hostile chest after previous radiation therapy
TAVI 5.9 13.0 Calculated risk, age, frailty, comorbidities
TAVI 34.2 81.3 Calculated risk, age, frailty
TAVI Severe pulmonary hypertension
TAVI Hostile chest after previous radiation therapy and active malignancy
TAVI Active malignancy
TAVI 9.9 12.0 Porcelain aorta
TAVI 11.4 45.8 Calculated risk, age, frailty, poor LV function
TAVI 1.2 29.2 Porcelain aorta
TAVI Comorbidities, severe obesity

Appendix Table 2. Risk profile of patients who died within 30 days after the procedure.

Intervention type | Cardiovascular cause | Days after procedure Estimated risk STS score Logistic EuroSCORE
TAVI Yes 7 High 5.8 6.4
TAVI Yes 0 High N/A N/A
TAVI No 22 Inoperable 9.9 12.0
TAVI Yes 8 High 10.1 66.1
TAVI Yes 22 High N/A N/A
TAVI Yes 1 High N/A N/A
TAVI Yes 7 Intermediate 6.4 22.0
TAVI Yes 3 Intermediate 6.5 12.8
TAVI No 6 High N/A N/A
TAVI Yes 0 High N/A N/A
SAVR Yes 39 Intermediate 4.4 8.1




