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Abstract

Aims The SMART (Strategic MAnagement to optimize response to cardiac Resynchronization Therapy) Registry was designed
to assess real-world outcomes for patients receiving a cardiac resynchronization therapy defibrillator (CRT-D) and to better
understand which programming and optimization techniques are used and how effective they are.
Methods and results The SMART Registry is a global, multicentre, prospective, observational, post-market CRT-D registry
with a planned enrolment of 2000 subjects from a maximum of 200 sites in Europe, North America, and Asia-Pacific region.
Each subject will be followed up for a minimum of 12 months. The primary endpoint of CRT response rate at 12 months is
defined by a clinical composite score of all-cause mortality, heart failure events, New York Heart Association Class, and quality
of life as assessed by a patient global assessment instrument. A subgroup composed of the first 103 consecutive European
subjects implanted with an NG4 device will have left ventricular multisite pacing feature enabled at any time during the initial
12 months of follow-up. The primary endpoint for this sub-analysis will be the NG4 PG-related complication-free rate at
36 months.
Conclusions The SMART Registry achieved its recruitment target in August 2019, with 2014 patients enrolled. The baseline
demographics demonstrated that patients were generally older, with greater co-morbidity, and on more contemporary med-
ical therapy than in the key CRT trials. The results of the SMART Registry will determine which programming and optimization
techniques are effective in this real-world population.
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Introduction

Cardiac resynchronization therapy is a key guideline-
recommended therapy for heart failure (HF) patients with
severe left ventricular (LV) systolic dysfunction and broad
QRS.1–3 However, it is recognized that response rates—
measured by a myriad of clinical parameters—vary and that

the ‘typical’ HF patient is often unrepresented in clinical trials
due to the presence of co-morbidities.4

The SMART (Strategic MAnagement to optimize response
to cardiac Resynchronization Therapy) Registry was designed
to assess real-world outcomes for patients receiving a cardiac
resynchronization therapy defibrillator (CRT-D) and to better
understand which programming and optimization techniques
are used and how effective they are over a 12 month period.

STUDY DES IGN

© 2021 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any me-
dium, provided the original work is properly cited and is not used for commercial purposes.

ESC HEART FAILURE
ESC Heart Failure 2021; 8: 1675–1680
Published online 19 January 2021 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.13192

mailto:rsgardner@doctors.org.uk
http://creativecommons.org/licenses/by-nc/4.0/


Study design

The SMART Registry is a global, multicentre, prospective,
observational, post-market CRT-D study with a planned enrol-
ment of 2000 subjects from a maximum of 200 sites in
Europe, North America, and Asia-Pacific region. To reduce
the impact of individual centre bias, each site was allowed
to enrol up to a maximum of 200 subjects. The first enrol-
ment for the study was April 2017, with each subject
followed up for a minimum of 12 months. The last patient
visit is expected to be September 2020 for the full registry,
and December 2021 for the multisite pacing (MSP) subgroup.

All subjects were required to have been implanted with a
Boston Scientific quadripolar NG3 or NG4 CRT-D device in
conjunction with a quadripolar lead from any manufacturer
and fulfil the inclusion/exclusion criteria. If deemed to be el-
igible for participation, the patient was asked to sign and date
the informed consent form, and those who did so were con-
sidered enrolled in the study.

Inclusion criteria

All subjects were enrolled between 1 and 21 calendar days
post implantation or upgrade to a Boston Scientific NG3 or
NG4 CRT-D device, connected with any manufacturer’s
quadripolar LV lead. Subjects were required to be 18 years
or older, or of legal age to give informed consent specific to
each country and national laws, and willing and capable of
complying with follow-up visits.

Exclusion criteria

Subjects with a documented life expectancy of less than
12 months, those on the active heart transplant list or with
an LV assist device, or those who have had a pre-existing
CRT device were not eligible to participate. Other key exclu-
sion criteria include women of childbearing potential who
were or might have been pregnant at time of study enrol-
ment and those with any contraindication to receive a
CRT-D device per local guidelines.

Devices used

The Boston Scientific quadripolar NG3/NG4 CRT-D devices
used in the SMART Registry have a new suite of tools that al-
low for individualized patient therapy, with the goal of im-
proving the management of HF patients. These include LV
MSP, VectorGuide™, SmartDelay™, and HeartLogic™. Where
these features are used, the SMART Registry will evaluate
their utility and their impact on the clinical outcomes.

Left ventricular MSP is intended to improve the response
to CRT by delivering two LV pulses per pacing cycle via differ-
ent vectors from the quadripolar LV lead. Although it has
been shown to be non-inferior to biventricular pacing and
may improve symptoms and quality of life, mortality data
are awaited.5,6 VectorGuide™ allows the clinician to quickly
evaluate multiple quadripolar LV pacing vectors to identify
the best configuration comparing the four cathodes’ right
ventricular (RV)–LV delay.7,8 RV–LV delay has been defined
as the best predictor of CRT response in implanted HF
patients.9 The SmartDelay™ optimization feature provides
recommended settings for programming the paced and
sensed atrioventricular (AV) delay based on the measure-
ment of intrinsic AV intervals. The objective of the feature
is to recommend AV delays that provide optimally timed
CRT, which maximizes cardiac contractile function. Finally,
the HeartLogic™ algorithm combines novel sensor parameters
such as heart sounds and markers of ventilation, along with
other measurements like thoracic impedance, heart rate,
and activity into an index for the early detection of worsening
HF.10 Following recent publications on this new and unique
feature,11–16 the SMART Registry will provide data on rele-
vant sample size in real-life scenario and may help in evaluat-
ing the relationship between sensor data and CRT response.

Primary endpoint

The primary endpoint of CRT response rate at 12 months will
be defined by a clinical composite score (CCS)17 of all-cause
mortality, HF events, New York Heart Association (NYHA)
Class, and quality of life as assessed by a patient global as-
sessment instrument, which is a brief quality of life
self-reported assessment. Multivariate analyses will then be
performed to determine which covariates and optimization
methods are associated with response.

Multisite pacing sub-study

An MSP cohort is composed of a minimum of the first 103
consecutive European subjects implanted with an NG4 device
and who had LV MSP feature enabled at any time during the
initial 12 months of follow-up. Enrolment was completed in
November 2018. These subjects will undergo additional
follow-up at 24 and 36 months and then annually until the
last of this cohort has 36 months of follow-up. The primary
endpoint for this sub-analysis will be the NG4 pulse generator
(PG)-related complication-free rate (CFR) at 36 months.

Statistics

The primary endpoint of the CRT response rate defined by
the CCS will be calculated in the full SMART Registry patient

1676 R.S. Gardner et al.

ESC Heart Failure 2021; 8: 1675–1680
DOI: 10.1002/ehf2.13192



Ta
b
le

1
Ba

se
lin

e
ch

ar
ac
te
ri
st
ic
s
of

th
e
SM

A
RT

Re
gi
st
ry
,w

it
h
ke

y
C
RT

tr
ia
ls
fo
r
co

m
pa

ri
so
n

C
ha

ra
ct
er
is
ti
c

M
U
ST

IC
3
0

M
IR
A
C
LE

3
1

C
O
N
TA

K-
C
D
3
2

M
IR
A
C
LE
-IC

D
3
3

C
O
M
PA

N
IO
N
3
4

C
A
RE

-H
F3

5
M
A
D
IT
-C
RT

3
6

RA
FT

2
8

D
A
N
IS
H
3
7

SM
A
RT

Re
gi
st
ry

Ye
ar

of
pu

bl
ic
at
io
n

20
01

20
02

20
03

20
03

20
04

20
05

20
09

20
10

20
16

20
20

N
13

1
45

3
49

0
36

9
15

20
81

3
18

20
17

98
11

16
20

14
C
RT

-D
or

C
RT

-P
C
RT

-P
O
M
T
vs
.C

RT
-P

C
RT

-D
(C
RT

on
vs
.o

ff
)

C
RT

-D
(C
RT

on
vs
.o

ff
)

O
M
T
vs
.C

RT
-D

vs
.C

RT
-P

(1
:2
:2
)

O
M
T
vs
.C

RT
-P

IC
D
vs
.

C
RT

(2
:3
)

IC
D
vs
.C

RT
-D

O
M
T
vs
.I
C
D

(5
8%

C
RT

)
C
RT

-D

Fo
llo

w
-u
p,

m
ea

n
(m

on
th
s)

12
6

6
6

15
.7

29
.4

28
.8

40
68

12
Pr
im

ar
y
en

dp
oi
nt

Q
O
L,

6M
W
,V

O
2

N
YH

A
,Q

O
L,

6M
W

H
F
pr
og

re
ss
io
n

Q
O
L,

6M
W
,

N
YH

A
A
C
M

an
d
A
C
H

A
C
M

+
C
V
H

A
C
M

+
H
FE

A
M
C
+

H
FH

A
C
M

C
C
S

C
RT

-D
1
ye
ar

m
or
ta
lit
y
(%

)
—

15
a

—
12

4b
4c

—
d

D
em

o
g
ra
p
h
ic
s
(C
RT

ar
m
)

A
ge

,m
ea

n
(y
ea

rs
)

64
64

66
67

67
67

65
66

64
68

M
al
e
(%

)
78

68
85

76
67

74
75

85
72

77
W
hi
te

(%
)

—
90

—
—

—
—

90
—

—
92

N
YH

A
C
la
ss

10
0%

III
90

%
III

32
%

II,
60

%
III
,

8%
IV

88
%

III
,

12
%

IV
86

%
III

93
%

III
14

%
I,

86
%

II
79

%
II,

21
%

III
53

%
II,

45
%

III
5%

I,
46

%
II,

47
%

III
,2

%
IV

LV
EF
,m

ea
n
(%

)
24

22
21

24
21

25
24

23
25

29
.8

Is
ch

ae
m
ic

(%
)

32
50

67
64

55
40

55
69

0
50

Q
RS

(m
s)

19
6

16
7

16
0

16
5

16
0

16
0

15
8e

15
7

14
6

15
1

LB
BB

(%
)

87
—

54
75

f
71

90
g

70
73

50
A
F
(%

)
50

—
—

—
—

11
13

24
37

D
ia
be

te
s
(%

)
—

—
—

—
40

30
33

18
34

eG
FR

(m
L/
m
in
/1
.7
3
m

2
)

62
h

—

eG
FR

(3
0–

59
m
L/
m
in
)
(%

)
—

—
—

—
—

—
45

—
—

eG
FR

(<
30

m
L/
m
in
)
(%

)
—

—
—

—
—

—
6

—
—

C
O
PD

(%
)

—
—

—
—

—
—

—
—

16
i

Re
na

ld
ys
fu
nc

ti
on

—
—

—
—

—
—

—
—

—
23

%
M
ed

ic
at
io
n
at

b
as

el
in
e
(C
RT

ar
m
)

A
C
E
in
hi
bi
to
r
(%

)
—

—
74

h
—

70
—

77
—

96
44

A
RB

(%
)

—
—

16
h

—
20

j
—

21
—

—
31

A
C
E/
A
RB

(%
)

98
93

86
93

90
95

95
96

—
75

Sa
cu

bi
tr
il/
va
ls
ar
ta
n
(%

)
—

—
—

—
—

—
—

—
—

21
Be

ta
-b
lo
ck
er

(%
)

25
62

48
62

68
j

70
93

90
92

87
M
RA

(%
)

18
—

18
h

—
54

54
32

42
59

49
D
iu
re
ti
c
(%

)
96

94
88

93
96

43
(‘
hi
gh

do
se
’)

76
85

—
70

D
ig
ox

in
(%

)
52

78
69

—
41

j
40

27
34

—
6

6M
W
,6

m
in

w
al
k;

A
C
E,

an
gi
ot
en

si
n-
co

nv
er
ti
ng

en
zy
m
e;

A
C
H
,a

ll-
ca
us
e
ho

sp
it
al
is
at
io
n;

A
C
M
,a

ll-
ca
us
e
m
or
ta
lit
y;

A
F,

at
ri
al

fi
br
ill
at
io
n;

A
RB

,a
ng

io
te
ns
in

II
re
ce
pt
or

bl
oc

ke
r;
C
C
S,

cl
in
ic
al

co
m
po

si
te

sc
or
e
at

12
m
on

th
s:
al
l-c

au
se

m
or
ta
lit
y,

he
ar
t
fa
ilu

re
ev
en

ts
,N

YH
A
C
la
ss
,a

nd
pa

ti
en

t
qu

al
it
y
of

lif
e
qu

es
ti
on

na
ire

;C
O
PD

,c
hr
on

ic
ob

st
ru
ct
iv
e
pu

lm
on

ar
y
di
se
as
e;

C
RT

-D
,c

ar
-

di
ac

re
sy
nc

hr
on

iz
at
io
n
th
er
ap

y
de

fi
br
ill
at
or
;
C
RT

-P
,
ca
rd
ia
c
re
sy
nc

hr
on

iz
at
io
n
th
er
ap

y
pa

ce
m
ak

er
;
C
V
H
,
ca
rd
io
va
sc
ul
ar

ho
sp
it
al
is
at
io
n;

eG
FR

,
es
ti
m
at
ed

gl
om

er
ul
ar

fi
lt
ra
ti
on

ra
te
;
H
F,

he
ar
tf
ai
lu
re
;H

FE
,h

ea
rt
fa
ilu

re
ev
en

t;
H
FH

,h
ea

rt
fa
ilu

re
ho

sp
it
al
is
at
io
n;

IC
D
,i
m
pl
an

ta
bl
e
ca
rd
io
ve
rt
er

de
fi
br
ill
at
or
;L
BB

B,
le
ft
bu

nd
le
br
an

ch
bl
oc

k;
LV

EF
,l
ef
tv

en
tr
ic
ul
ar

ej
ec
ti
on

fr
ac
ti
on

;
M
RA

,
m
in
er
al
oc

or
ti
co

id
re
ce
pt
or

an
ta
go

ni
st
;
N
YH

A
,
N
ew

Yo
rk

H
ea

rt
A
ss
oc

ia
ti
on

;
O
M
T,

op
ti
m
al

m
ed

ic
al

th
er
ap

y;
Q
O
L,

qu
al
it
y
of

lif
e;

SM
A
RT

,
St
ra
te
gi
c
M
A
na

ge
m
en

t
to

op
ti
m
iz
e
re
-

sp
on

se
to

ca
rd
ia
c
Re

sy
nc

hr
on

iz
at
io
n
Th

er
ap

y.
H
ig
h
do

se
di
ur
et
ic
s
=

≥8
0
m
g
fu
ro
se
m
id
e,

≥2
m
g
bu

m
et
an

id
e,

or
≥2

0
m
g
to
rs
em

id
e.

a D
e
M
ar
co

T
et

al
.:
Ba

se
lin

e
cl
in
ic
al

ch
ar
ac
te
ri
st
ic
s
as
so
ci
at
ed

w
it
h
al
l-c

au
se

m
or
ta
lit
y
in

C
RT

-D
pa

ti
en

ts
:a

te
n-
ye
ar

re
tr
os
pe

ct
iv
e
an

al
ys
is
fr
om

th
e
C
O
N
TA

K
C
D
St
ud

y
(a
bs

tr
ac
t)
.J

A
m

C
ol
l

C
ar
di
ol

20
09

.
b
U
S
Fo

od
an

d
D
ru
g
A
dm

in
is
tr
at
io
n:

PM
A
P0

10
01

31
/S
23

2.
RA

FT
.S

um
m
ar
y
of

Sa
fe
ty

an
d
Ef
fe
ct
iv
en

es
s
D
at
a,

20
11

.h
tt
ps

://
w
w
w
.a
cc
es
sd

at
a.
fd
a.
go

v/
cd

rh
_d

oc
s/
pd

f/
P0

10
03

1S
23

2b
.p
df
.

c L
ev
y
W
C
:S

ho
ul
d
no

n-
is
ch

em
ic

C
RT

ca
nd

id
at
es

re
ce
iv
e
C
RT

-P
or

C
RT

-D
?
(e
di
to
ri
al
)
J
A
m

C
ol
lC

ar
di
ol

20
17

:6
9;

16
79

–
16

82
.

d
SM

A
RT

Re
gi
st
ry

is
in

fo
llo

w
-u
p
ph

as
e.

C
RT

-D
1
ye
ar

m
or
ta
lit
y
(%

)
is
pa

rt
of

pr
im

ar
y
en

dp
oi
nt

an
al
ys
is
.

e U
S
Fo

od
an

d
D
ru
g
A
dm

in
is
tr
at
io
n:

PM
A
P0

10
00

12
/S
23

0.
M
A
D
IT
-C
RT

.S
um

m
ar
y
of

Sa
fe
ty

an
d
Ef
fe
ct
iv
en

es
s
D
at
a,

20
10

.h
tt
ps

://
w
w
w
.a
cc
es
sd

at
a.
fd
a.
go

v/
cd

rh
_d

oc
s/
pd

f/
P0

10
01

2S
23

0b
.

pd
f.

f U
S
Fo

od
an

d
D
ru
g
A
dm

in
is
tr
at
io
n:

PM
A
P0

10
01

31
.I
N
SY

N
C
IC
D
.S

um
m
ar
y
of

Sa
fe
ty

an
d
Ef
fe
ct
iv
en

es
s
D
at
a,

20
02

.h
tt
ps

://
w
w
w
.a
cc
es
sd

at
a.
fd
a.
go

v/
cd

rh
_d

oc
s/
pd

f/
P0

10
03

1b
.p
df
.

g
G
er
va
is
R,

Le
cl
er
cq

C
,S

ha
nk

ar
A
,e

t
al
.:
Su

rf
ac
e
el
ec
tr
oc

ar
di
og

ra
m

to
pr
ed

ic
t
ou

tc
om

es
in

ca
nd

id
at
es

fo
r
ca
rd
ia
c
re
sy
nc

hr
on

iz
at
io
n
th
er
ap

y:
a
su
b-
an

al
ys
is
of

th
e
C
A
RE

H
F
tr
ia
l.
Eu

r
J

H
ea

rt
Fa
il
20

09
;1

1:
69

9–
70

5.
h
D
e
M
ar
co

T,
Bo

eh
m
er

JP
,C

ar
ls
on

M
D
,J
as
ki

B,
Sc
ha

fe
r
J,
Yo

ng
P.

Ba
se
lin

e
fa
ct
or
s
in
fl
ue

nc
in
g
bo

th
ea

rl
y
an

d
lo
ng

-t
er
m

al
l-c

au
se

m
or
ta
lit
y
in

C
RT

-D
pa

ti
en

ts
:a

se
ve
n-
ye
ar

re
tr
os
pe

ct
iv
e

an
al
ys
is
(a
bs

tr
ac
t)
.H

ea
rt

Rh
yt
hm

20
05

;2
(5

Su
pp

l):
S3

21
.

i S
M
A
RT

Re
gi
st
ry

co
lle

ct
ed

ba
se
lin

e
da

ta
on

ch
ro
ni
c
pu

lm
on

ar
y
di
se
as
e.

j B
os
to
n
Sc
ie
nt
ifi
c
C
or
po

ra
ti
on

:C
O
M
PA

N
IO
N

D
at
a
on

fi
le
.

Real-world outcomes in CRT patients 1677

ESC Heart Failure 2021; 8: 1675–1680
DOI: 10.1002/ehf2.13192

https://www.accessdata.fda.gov/cdrh_docs/pdf/P010031S232b.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf/P010012S230b.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf/P010012S230b.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf/P010031b.pdf


population as well as in selected subgroups. The CCS allows
for three levels of CRT response: improved, unchanged, or
worsened. The number and per cent of the SMART Registry
subjects contributing to each level will be calculated. The
CRT response will then be compared between selected sub-
groups using statistical tests accounting for the ordinality of
the CCS response, when appropriate. In analyses comparing
two subgroups, a Cochran–Armitage test for trend will be
employed when appropriate. If more than two subgroups will
be compared, a cumulative logit model or other appropriate
test will be used. There are no formal hypotheses to be
tested for this primary endpoint. The sample size was chosen
mainly by considering the required number of subgroup anal-
yses instead of traditional statistical powering calculations.

Additional secondary analyses may be performed, including
CRT response in the overall cohort and in subgroups using
groupings of the three levels of CCS: improved vs. un-
changed/worsened, and improved/unchanged vs. worsened;
and evaluation of the components of the CCS in the overall co-
hort and in subgroups (all-cause mortality, HF events, NYHA
Class, and patient global assessment). In addition, utilization
patterns of device features and diagnostics will also be calcu-
lated if available, including MSP, HeartLogic™, SmartDelay™,
VectorGuide™, and programming of pacing vectors.

The MSP sub-study primary endpoint of NG4 PG-related
CFR at 36 months will be defined as those adverse events
that resulted in death, serious injury, correction of PG
failure requiring invasive intervention, or permanent loss of
PG device function. Complications related to the LV, RV, or
right atrial leads will be reported but not counted against
the endpoint. The following hypotheses will be evaluated to
determine the safety of the NG4 device:

○ H0: PG-related CFR at 36 months ≤ 88.5%
○ HA: PG-related CFR at 36 months > 88.5%

This performance goal of 88.5% was based on the observed
safety rate of prior approved Boston Scientific devices and cor-
responding variabilities. The CFR will be calculated using
Kaplan–Meier methodology, and the 95% one-sided pointwise
log–log confidence limit of the CFR at 36 months will be com-
pared with the performance goal of 88.5%; if the lower confi-
dence limit exceeds 88.5%, the null hypothesis will be rejected.

Discussion

The SMART Registry is a large and contemporary study of
2014 CRT-D recipients that aims to evaluate outcomes in a
‘real-world’ population. The baseline characteristics are
shown in Table 1, with those of key clinical trials illustrated
for comparison.

As would be expected, the population in SMART is older
than the device trials with a mean age of 68 years; 93% were
in NYHA Class II or III at baseline. Half of patients had HF of an
ischaemic aetiology, similar to the findings of Conrad et al.4

Similarly, co-morbidities were common with 34% having dia-
betes mellitus, 16% chronic obstructive pulmonary disease,
and 23% renal dysfunction (with 1.2% on dialysis) at baseline.
Atrial fibrillation (AF) was also common, with 37% of individ-
uals having this at baseline, and much more common than in
the main CRT trials.

Advances in medical and device therapy have dramatically
improved the outlook for people with HF. Since the
publication of the CONSENSUS study in 1987,18 we have gath-
ered a wealth of evidence demonstrating a reduction in
morbidity and mortality for patients with HF using
angiotensin-converting enzyme inhibitors,18 beta-blockers,19,20

mineralocorticoid receptor antagonists,21,22 and, more
recently, sacubitril/valsartan23 and SGLT2 inhibitors.24,25 The
population in SMART were well treated with 96% on an
angiotensin-converting enzyme inhibitor/angiotensin receptor
antagonist/sacubitril–valsartan and 87% on a beta-blocker.
However, only 49% were treated with a mineralocorticoid re-
ceptor antagonist at baseline—an unfortunately similar
real-world finding to other registries.26 However, reflecting
the contemporary nature of this registry, 21% of patients were
treated with sacubitril/valsartan at baseline; more than were
found in the DAPA-HF study (11%),24 and similar to the propor-
tion in the recently published EMPEROR-Reduced trial.25

Large CRT trials generally excluded patients in AF, with
only MADIT-CRT27 and RAFT28 recruiting 11% and 13% of
such patients, respectively. In comparison, 37% of patients
in the SMART Registry were in AF at baseline, very similar
to the 40% of subjects described in a large contemporary co-
hort of HF patients.4 Also under-represented in clinical trials
of CRT are patients without left bundle branch block. There
is significant debate as to whether QRS width or morphology
is more important in predicting response to CRT.29 In this reg-
istry, 50% of participants did not had left bundle branch
block, a much greater proportion than in the key CRT trials.

It is hoped that this large, contemporary registry will pro-
vide insight into the outcomes for the large number of indi-
viduals who are under-represented in our current evidence
base and clarify which methods of programming appear to
offer the best response to CRT.
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