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ABSTRACT
Objectives To investigate the impact of a CT- first 
strategy on all- cause and cardiovascular mortality 
in patients presenting with chest pain in outpatient 
cardiology clinics.
Methods Patients with a first presentation of suspected 
angina pectoris were identified and their data linked to 
the registrations of Statistics Netherlands for information 
on mortality. The linked database consisted of 33 068 
patients. CT- first patients were defined as patients with 
a CT calcium score and coronary CT angiography, within 
6 weeks after their initial visit. Propensity score matching 
(1:5) was used to match patients with and without a 
CT- first strategy. After matching, 12 545 patients were 
included of which 2308 CT- first patients and 10 237 
patients that underwent usual care.
Results Mean age was 57 years, 56.3% were women 
and median follow- up was 4.9 years. All- cause mortality 
was significantly lower in CT- first patients (n=43, 1.9%) 
compared with patients without CT (n=363, 3.5%) 
(HR: 0.51, 95% CI 0.37 to 0.70). Furthermore, CT- first 
patients were more likely to receive cardiovascular 
preventative and antianginal medication (aspirin: 44.9% 
vs 27.1%, statins: 48.7% vs 30.3%, beta- blockers: 
37.8% vs 25.5%, in CT- first and without CT- first 
patients, respectively) and to undergo downstream 
diagnostics and interventions (coronary interventions: 
8.5% vs 5.7%, coronary angiography: 16.2% vs 10.6% 
in CT- first and without CT- first patients, respectively).
Conclusions In a real- world regular care database, a 
CT- first strategy in patients suspected of angina pectoris 
was associated with a lowering of all- cause mortality.

INTRODUCTION
Longitudinal studies of employing cardiac CT 
imaging including both coronary calcium scoring 
(CACS) and cardiac CT angiography (CCTA) in 
patients presenting with chest pain have demon-
strated incremental prognostic value compared 
with traditional risk profiling algorithms.1 Higher 
CACS is associated with mortality2 3 and has added 
value to the Framingham Risk Score for predicting 
cardiovascular events.4 The introduction of CCTA 
showed even greater promise as a tool to define 
risk of myocardial infarction5 and coronary revas-
cularisation6 compared with CACS. Prospectively 
randomised trials showed that CCTA was supe-
rior to functional cardiac testing for cardiovascular 
endpoints.7 8

Until the results of the SCOT- HEART (Scottish 
COmputed Tomography of the HEART Trial) study 
were published,5 CCTA was only adopted by the 
guidelines of the National Institute for Health and 
Care Excellence in the UK.9 The SCOT- HEART 
study randomised patients presenting with chest 
pain in the cardiology outpatient clinic to either 
CCTA initiated, the so- called CT- first strategy, or 
routine clinical care. Patients randomised to the 
CCTA arm showed only about half of the fatal 
and non- fatal myocardial infarctions after a 5- year 
follow- up,5 although these results were not in line 
with the previously published PROMISE- trial8 and 
multiple registry studies.10 11 Nevertheless, these 
results prompted the European Society of Cardi-
ology to accord CCTA a class I recommendation 
for the diagnosis of coronary artery disease (CAD) 
in symptomatic patients in the renewed European 
Society of Cardiology (ESC) guidelines of 2019.12

However, the results of SCOT- HEART might not 
be generalisable to a routine care population who 
are expected to have a higher likelihood of mortality, 
since randomised trials may induce an overes-
timation of benefit due to the so- called healthy 
volunteer inclusion bias in trials.13 14 Furthermore, 
multiple patient groups are often under- represented 
in clinical studies, such as women,15 the elderly, 
non- white ethnicities and patients with comorbidi-
ties.16 17 Therefore, the impact of a CT- first strategy 
for patients with chest pain in regular care is still 
unknown.10 11

The use of data from real- world databases to 
assess the utility of cardiac CT may aid in defining 
associations between patient variables and outcomes 
in the general population. Moreover, real- world 
data may help to vindicate results of clinical trials, 
especially with the inclusion of substantial numbers 
of all relevant patient groups. Thus, we used a 
regular care database18 to investigate all- cause and 
cardiovascular mortality in patients suspected of 
angina pectoris, who underwent CT calcium score 
and CCTA following their first visit, and compared 
this with a propensity score (PS) matched control 
group from the same database, who were subjected 
to regular care without cardiac CT.

METHODS
Study population
The CCN database consists of 109 151 patients 
who visited one of the CCN’s outpatient cardiology 
clinics between 2007 and 2018. These centres 
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are known for their homogenised and structured approach to 
investigate patients with cardiovascular complaints. A detailed 
description of the CCN database has been published.18 Patients 
with chest pain suspected to be angina pectoris, who presented 
for the first time at one of the diagnostic centres, were included. 
The study population was then split in two groups: patients with 
a cardiac CT within 6 weeks after their first visit, the CT- first 
strategy, and patients without this diagnostic procedure. Cardiac 
CT included a scanning protocol for calcium scoring and CCTA. 
The decision for referral for cardiac CT was made by the treating 
cardiologist. The type of CT scanner was based on availability 
in the referenced centres. Follow- up of the population was 
obtained through linking with the population database of Statis-
tics Netherlands (CBS). Figure 1 outlines the selection of the 
study population.

The Cardiology Centers of the Netherlands data were made 
available under implied consent and transferred to the University 
Medical Center Utrecht under the Dutch Personal Data Protec-
tion Act. This study used data collected during the regular care 
process and did not subject participants to additional procedures 
or impose behavioural patterns on them. The Medical Research 
Ethics Committee of the University Medical Center Utrecht 
declared that research within the CCN database does not meet 
the Dutch Medical Research Involving Human Subjects Act 
(proposal number 17/359).

Study variables
Patient characteristics, prior comorbidities, risk factors, family 
history and a general medical history were obtained from the 
electronic health records (EHRs) of the patient. Medication use 
was extracted from pharmaceutical prescription data. Residential 

region of the patient was obtained through four- digit postal code. 
Chest pain was characterised as typical, atypical or non- anginal, 
according to Diamond12 19 and obtained through retrieval of text 
variables in the EHR. We also included the results from the stress 
ECG recording to ensure comparability between patients with 
and without a CT- first strategy.

Short-term and long-term outcome
All- cause mortality and cardiovascular mortality were the 
primary and secondary outcome in the analyses, respectively. 
Other secondary outcomes included registration of diagnostic 
and therapeutic procedures in the EHR. Diagnostics included 
stress ECG recording, functional imaging (cardiac MRI, positron 
emission tomography and single- photon emission computed 
tomography), invasive coronary angiography (CAG) and cardiac 
CT more than 6 weeks after the first visit to CCN. Therapeutic 
procedures were percutaneous coronary intervention and coro-
nary artery bypass grafting. Moreover, prescribed medication 
changes during and after the chest pain consult were evalu-
ated and compared between the groups. This analysis focused 
primarily on the value of a cardiac CT in the diagnostic trajec-
tory of the patient. We did not evaluate the association between 
results of cardiac CT and primary and secondary outcomes.

Missing data
Missing data in variables required for analysis were handled 
by multiple imputation for chained equations (MICE; 10 itera-
tions, 10 imputed datasets) with the R- package mice (V.3.8.0).20 
However, for the presence of a family history, missing data 
were not at random. Therefore, missing values for this variable 

Figure 1 Flow chart of patient selection. CCN, Cardiology Centers of the Netherlands.

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2021-319747 on 15 N

ovem
ber 2021. D

ow
nloaded from

 

http://heart.bmj.com/


1363Siegersma KR, et al. Heart 2022;108:1361–1368. doi:10.1136/heartjnl-2021-319747

Coronary artery disease

Ta
bl

e 
1 

Ba
se

lin
e 

ta
bl

e 
of

 to
ta

l p
op

ul
at

io
n 

an
d 

PS
 m

at
ch

ed
 s

am
pl

e

O
ri

gi
na

l s
am

pl
e

M
at

ch
ed

 s
am

pl
e

M
is

si
ng

O
ve

ra
ll

Pa
ti

en
ts

 w
it

ho
ut

 a
 C

T-
 

fir
st

 s
tr

at
eg

y
CT

- fi
rs

t
O

ve
ra

ll
Pa

ti
en

ts
 w

it
ho

ut
 a

 C
T-

 
fir

st
 s

tr
at

eg
y

CT
- fi

rs
t

%

n
33

 0
68

30
 7

56
23

12
12

 5
45

10
 2

37
23

08

Ag
e 

(m
ea

n 
(S

D)
)*

†
56

 (1
3.

41
)

55
 (1

3.
63

)
57

 (9
.8

5)
57

 (1
2.

62
)

57
 (1

3.
16

)
57

 (9
.8

5)
0.

0

Fe
m

al
e 

(%
)*

†
17

 6
22

 (5
3.

3)
16

 3
29

 (5
3.

1)
12

93
 (5

5.
9)

70
68

 (5
6.

3)
57

79
 (5

6.
5)

12
89

 (5
5.

8)
0.

0

Hy
pe

rt
en

si
on

 (%
)*

†
96

68
 (2

9.
4)

89
66

 (2
9.

3)
70

2 
(3

0.
4)

39
20

 (3
1.

2)
32

20
 (3

1.
5)

70
0 

(3
0.

3)
0.

5

Dy
sl

ip
id

ae
m

ia
 (%

)*
†

54
75

 (1
6.

6)
50

84
 (1

6.
6)

39
1 

(1
6.

9)
21

27
 (1

7.
0)

17
37

 (1
7.

0)
39

0 
(1

6.
9)

0.
5

Di
ab

et
es

 (%
)*

†
27

34
 (8

.3
)

25
59

 (8
.4

)
17

5 
(7

.6
)

97
8 

(7
.8

)
80

3 
(7

.8
)

17
5 

(7
.6

)
0.

6

He
ig

ht
 (m

ea
n 

(S
D)

)*
†

17
3 

(9
.9

9)
17

3 
(9

.9
9)

17
3 

(9
.9

6)
17

2.
52

 (9
.9

2)
17

2.
50

 (9
.9

1)
17

2.
61

 (9
.9

6)
1.

1

W
ei

gh
t (

m
ea

n 
(S

D)
)*

†
80

 (1
6.

13
)

80
 (1

6.
15

)
80

 (1
5.

86
)

80
.0

2 
(1

6.
30

)
80

.0
4 

(1
6.

40
)

79
.9

5 
(1

5.
86

)
1.

1

BM
I (

m
ea

n 
(S

D)
)*

†
27

 (4
.7

1)
27

 (4
.7

2)
27

 (4
.6

0)
27

 (4
.7

5)
27

 (4
.7

8)
27

 (4
.6

1)
1.

2

Ch
es

t p
ai

n 
ca

te
go

ry
 (%

)*
†

56
.4

 
 N

on
- a

ng
in

al
81

98
 (5

6.
8)

77
23

 (5
8.

5)
47

5 
(3

9.
0)

19
65

 (3
6.

7)
14

90
 (3

6.
1)

47
5 

(3
9.

1)

 
 At

yp
ic

al
20

92
 (1

4.
5)

19
06

 (1
4.

4)
18

6 
(1

5.
3)

86
1 

(1
6.

1)
67

5 
(1

6.
3)

18
6 

(1
5.

3)

 
 Ty

pi
ca

l
41

31
 (2

8.
6)

35
74

 (2
7.

1)
55

7 
(4

5.
7)

25
21

 (4
7.

1)
19

67
 (4

7.
6)

55
4 

(4
5.

6)

Sm
ok

in
g 

st
at

us
 (%

)*
†

6.
3

 
 Cu

rr
en

t
13

 0
50

 (4
2.

1)
12

 2
85

 (4
2.

6)
76

5 
(3

5.
5)

40
67

 (3
5.

0)
33

03
 (3

4.
9)

76
4 

(3
5.

5)

 
 Fo

rm
er

99
07

 (3
2.

0)
91

56
 (3

1.
7)

75
1 

(3
4.

9)
40

91
 (3

5.
2)

33
42

 (3
5.

3)
74

9 
(3

4.
8)

 
 N

ev
er

80
41

 (2
5.

9)
74

04
 (2

5.
7)

63
7 

(2
9.

6)
34

56
 (2

9.
8)

28
19

 (2
9.

8)
63

7 
(2

9.
6)

 
 Fa

m
ily

 h
is

to
ry

 o
f a

th
er

os
cl

er
os

is
 (%

)*
†

11
 6

44
 (3

5.
2)

10
 5

93
 (3

4.
4)

10
51

 (4
5.

5)
56

62
 (4

5.
1)

46
15

 (4
5.

1)
10

47
 (4

5.
4)

0.
0

Co
ns

ul
t y

ea
r (

%
)*

†
0.

0

 
 20

07
–2

01
0

43
44

 (1
3.

1)
43

19
 (1

4.
0)

25
 (1

.1
)

13
3 

(1
.1

)
10

8 
(1

.1
)

25
 (1

.1
)

 
 20

11
–2

01
4

14
 3

62
 (4

3.
4)

13
 2

34
 (4

3.
0)

11
28

 (4
8.

8)
60

25
 (4

8.
0)

49
00

 (4
7.

9)
11

25
 (4

8.
7)

 
 20

15
–2

01
8

14
 3

62
 (4

3.
4)

13
 2

03
 (4

2.
9)

11
59

 (5
0.

1)
63

87
 (5

0.
9)

52
29

 (5
1.

1)
11

58
 (5

0.
2)

Di
ag

no
si

s 
of

 C
HD

 a
t b

as
el

in
e 

(%
)*

†
27

31
 (8

.3
)

26
12

 (8
.5

)
11

9 
(5

.1
)

65
9 

(5
.3

)
54

0 
(5

.3
)

11
9 

(5
.2

)
0.

0

 
 Di

ag
no

si
s 

of
 c

er
eb

ro
v a

sc
ul

ar
 d

is
ea

se
 a

t 
ba

se
lin

e 
(%

)*
†

97
5 

(2
.9

)
91

8 
(3

.0
)

57
 (2

.5
)

30
3 

(2
.4

)
24

6 
(2

.4
)

57
 (2

.5
)

0.
0

M
ed

ic
at

io
n 

pr
es

cr
ib

ed
 a

t b
as

el
in

e,
 n

 (%
)

 
 As

pi
rin

*†
12

09
 (3

.7
)

11
30

 (3
.7

)
79

 (3
.4

)
44

2 
(3

.5
)

36
3 

(3
.5

)
79

 (3
.4

)
0.

0

 
 Be

ta
bl

oc
ke

r*
†

12
66

 (3
.8

)
11

71
 (3

.8
)

95
 (4

.1
)

53
7 

(4
.3

)
44

2 
(4

.3
)

95
 (4

.1
)

0.
0

 
 Ca

lc
iu

m
 c

ha
nn

el
 b

lo
ck

er
*†

60
8 

(1
.8

)
57

2 
(1

.9
)

36
 (1

.6
)

18
4 

(1
.5

)
14

8 
(1

.4
)

36
 (1

.6
)

0.
0

 
 N

itr
at

e*
†

52
2 

(1
.6

)
49

8 
(1

.6
)

24
 (1

.0
)

12
4 

(1
.0

)
10

0 
(1

.0
)

24
 (1

.0
)

0.
0

 
 St

at
in

*†
13

35
 (4

.0
)

12
59

 (4
.1

)
76

 (3
.3

)
41

5 
(3

.3
)

33
9 

(3
.3

)
76

 (3
.3

)
0.

0

Co
nc

lu
si

on
 o

f e
xe

rc
is

e 
te

st
 (%

)*
†

17
.7

 
 Ab

no
rm

al
22

95
 (8

.4
)

19
49

 (7
.7

)
34

6 
(1

8.
7)

15
70

 (1
5.

6)
12

27
 (1

5.
0)

34
3 

(1
8.

6)

 
 In

co
nc

lu
si

ve
56

22
 (2

0.
7)

51
13

 (2
0.

2)
50

9 
(2

7.
5)

29
60

 (2
9.

5)
24

52
 (2

9.
9)

50
8 

(2
7.

5)

 
 N

or
m

al
19

 3
08

 (7
0.

9)
18

 3
11

 (7
2.

2)
99

7 
(5

3.
8)

55
18

 (5
4.

9)
45

21
 (5

5.
1)

99
7 

(5
4.

0)

Do
m

es
tic

 re
gi

on
 in

 th
e 

N
L 

(%
)*

†
0.

0

 
 M

id
dl

e
13

 9
91

 (4
2.

3)
12

 6
93

 (4
1.

3)
12

98
 (5

6.
1)

71
03

 (5
6.

6)
58

09
 (5

6.
7)

12
94

 (5
6.

1)

 
 N

or
th

17
 3

39
 (5

2.
4)

16
 3

44
 (5

3.
1)

99
5 

(4
3.

0)
53

32
 (4

2.
5)

43
37

 (4
2.

4)
99

5 
(4

3.
1)

Co
nt

in
ue

d

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2021-319747 on 15 N

ovem
ber 2021. D

ow
nloaded from

 

http://heart.bmj.com/


1364 Siegersma KR, et al. Heart 2022;108:1361–1368. doi:10.1136/heartjnl-2021-319747

Coronary artery disease

were filled with a negative family history. Included variables for 
multiple imputation models are indicated in table 1.

PS matching
PS matching21 was used to ensure a comparable sample between 
patients with and without a CT- first strategy. PSs were calcu-
lated for each patient separately in each imputed dataset with 
a logistic regression model including 19 variables, as indicated 
in table 1. This selection of variables was based on clinically 
relevant variables and baseline differences between both groups. 
Thereafter, the average PS of the imputation datasets was calcu-
lated for each patient. We matched five patients who did not 
receive a CT- first strategy to one patient with a CT- first strategy 
based on the calculated PSs per patient using the nearest neigh-
bour method with a calliper width of 0.05 and no replacement 
(R- package: matchit,22 V.3.0.2). Comparability of the groups 
after matching was assessed by inspection of the balance of base-
line variables. The selected patient population is further referred 
to as the matched sample.

Statistical analysis
Descriptive statistics are presented as mean with SD or median 
with IQR, where appropriate, for continuous variables and 
counts and percentages for categorical variables. All- cause and 
cardiovascular mortality were analysed with Kaplan- Meier 
curves and Cox regression models on the matched patient selec-
tion. Other secondary outcomes were compared with χ2 testing.

Subgroup analyses were performed for type of chest pain 
(anginal/non-anginal), sex (men/women), age (<65years/≥65
years), Systematic COronary Risk Evaluation (SCORE) 
(<5%/≥5%)23 and pretest probability of CAD (<5%/>5%).24 
The p value for interaction was determined for each analysis. 
Outcome for all subgroup analyses was all- cause mortality.

Sensitivity analyses were done to evaluate the effect of patient’s 
residency and inclusion year. In these analyses, a Cox regres-
sion for all- cause mortality was performed. Another sensitivity 
analysis excluded all patients referred to one specific diagnostic 
centre, only performing CCTA in case of medical need or if 
calcium score was above 0. As no information of the centre that 
was visited is available in the database, residency of the patient 
is used as a substitute. A final sensitivity analysis removed all 
patients without a CT but with CAG to evaluate the effect on the 

O
ri

gi
na

l s
am

pl
e

M
at

ch
ed

 s
am

pl
e

M
is

si
ng

O
ve

ra
ll

Pa
ti

en
ts

 w
it

ho
ut

 a
 C

T-
 

fir
st

 s
tr

at
eg

y
CT

- fi
rs

t
O

ve
ra

ll
Pa

ti
en

ts
 w

it
ho

ut
 a

 C
T-

 
fir

st
 s

tr
at

eg
y

CT
- fi

rs
t

%

 
 So

ut
h

17
38

 (5
.3

)
17

19
 (5

.6
)

19
 (0

.8
)

11
0 

(0
.9

)
91

 (0
.9

)
19

 (0
.8

)

 
 T o

ta
l c

ho
le

st
er

ol
 in

 m
m

ol
/L

 (m
ea

n 
(S

D)
)*

†
5.

15
 (1

.1
3)

5.
13

 (1
.1

3)
5.

33
 (1

.1
7)

5.
32

 (1
.1

6)
5.

31
 (1

.1
6)

5.
33

 (1
.1

6)
24

.4

 
 10

- y
ea

r H
ea

rt
SC

O
RE

 in
 %

 (m
ed

ia
n 

(IQ
R)

)
1.

75
(0

.4
7,

 4
.9

7)
1.

73
(0

.4
4,

 5
.0

3)
1.

92
(0

.7
5,

 4
.4

6)
2.

04
(0

.6
0,

 5
.4

5)
2.

08
(0

.5
7,

 5
.6

7)
1.

91
(0

.7
5,

 4
.4

7)
30

.9

 
 Pr

et
es

t p
ro

ba
bi

lit
y 

(m
ed

ia
n 

(IQ
R)

)
10

 (3
–2

2)
10

 (3
–2

2)
13

 (6
–2

2)
13

.0
0 

(6
.0

0–
26

.0
0)

13
.0

0 
(6

.0
0–

32
.0

0)
13

.0
0 

(6
.0

0–
22

.0
0)

61
.8

Pr
et

es
t p

ro
ba

bi
lit

y 
of

 C
AD

 in
 %

, n
 (%

)
61

.8

 
 Hi

gh
 >

15
%

44
12

 (3
4.

9)
39

39
 (3

4.
2)

47
3 

(4
1.

7)
21

28
 (4

5.
0)

16
57

 (4
6.

0)
47

1 
(4

1.
6)

 
 In

te
rm

ed
ia

te
 5

%
–1

5%
40

28
 (3

1.
9)

36
00

 (3
1.

3)
42

8 
(3

7.
7)

15
12

 (3
1.

9)
10

85
 (3

0.
1)

42
7 

(3
7.

8)

 
 Lo

w
 <

%
5

41
99

 (3
3.

2)
39

66
 (3

4.
5)

23
3 

(2
0.

5)
10

93
 (2

3.
1)

86
0 

(2
3.

9)
23

3 
(2

0.
6)

 
 Al

l- c
au

se
 m

or
ta

lit
y 

(%
)*

13
31

 (4
.0

)
12

88
 (4

.2
)

43
 (1

.9
)

40
6 

(3
.2

)
36

3 
(3

.5
)

43
 (1

.9
)

0.
0

 
 Ca

rd
io

va
sc

ul
ar

 m
or

ta
lit

y 
(%

)
32

9 
(1

.0
)

31
3 

(1
.0

)
16

 (0
.7

)
11

1 
(0

.9
)

95
 (0

.9
)

16
 (0

.7
)

0.
0

 
 Fo

llo
w

- u
p 

in
 y

ea
rs

 (m
ed

ia
n 

(IQ
R)

)
5.

5 
(3

.4
–7

.8
)

5.
6 

(3
.4

–7
.9

)
5.

1 
(3

.3
–6

.9
)

4.
9 

(3
.2

–6
.7

)
4.

9 
(3

.2
–6

.7
)

5.
1 

(3
.3

–6
.8

)
0.

0

 
 N

el
so

n-
 Aa

le
n 

es
tim

at
or

* 
(m

ed
ia

n 
(IQ

R)
)

0.
03

48
 (0

.0
18

9–
0.

05
79

)
0.

03
54

 (0
.0

18
8–

00
59

4)
0.

03
13

 (0
.0

18
7–

0.
04

72
)

0.
03

02
 (0

.0
18

1–
0.

04
63

)
0.

03
01

 (0
.0

17
9–

0.
04

60
)

0.
03

12
 (0

.0
18

7–
0.

04
72

)

Ba
se

lin
e 

ta
bl

e 
re

pr
es

en
tin

g 
th

e 
di

st
rib

ut
io

n 
of

 b
as

el
in

e 
va

ria
bl

es
 b

ef
or

e 
an

d 
af

te
r m

at
ch

in
g 

on
 th

e 
PS

. P
re

te
st

 p
ro

ba
bi

lit
y 

is
 d

er
iv

ed
 fr

om
 th

e 
20

19
, E

SC
 G

ui
de

lin
es

.12
 2

4  T
he

 s
um

m
ar

y 
st

at
is

tic
s 

ar
e 

sh
ow

n 
as

 th
e 

da
ta

 b
ef

or
e 

im
pu

ta
tio

n.
 M

is
si

ng
 a

re
 

th
e 

pe
rc

en
ta

ge
 o

f m
is

si
ng

 o
bs

er
va

tio
ns

 in
 th

e 
to

ta
l p

op
ul

at
io

n.
*V

ar
ia

bl
es

 u
se

d 
fo

r m
ul

tip
le

 im
pu

ta
tio

n.
†V

ar
ia

bl
es

 u
se

d 
fo

r c
al

cu
la

tio
n 

of
 P

S.
BM

I, 
bo

dy
 m

as
s 

in
de

x;
 C

HD
, c

or
on

ar
y 

he
ar

t d
is

ea
se

; C
VD

, c
ar

di
ov

as
cu

la
r d

is
ea

se
; E

SC
, E

ur
op

ea
n 

So
ci

et
y 

of
 C

ar
di

ol
og

y;
 P

S,
 p

ro
pe

ns
ity

 s
co

re
.

Ta
bl

e 
1 

Co
nt

in
ue

d

Figure 2 Kaplan- Meier curves for all- cause mortality of the CT- first 
and the without a CT- first study population.
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results. These sensitivity analyses evaluated Cox regressions for 
both cardiovascular and all- cause mortality.

All data analyses were done with R (V.3.6.2) and RStudio 
(V.1.1.463).

Patient and public involvement
Patients were not involved in any stage of this research process.

RESULTS
Study population
A total of 34 311 patients with chest pain met the inclusion 
criteria and were selected from the CCN database (figure 1). 
After linking with the database of Statistics Netherlands, 
mortality data of 33 068 (96.4%) patients were available. This 
selection included 2312 and 30 756 patients, respectively, with 
and without a CT- first strategy.

Mean age of the included patients (n=33 068) was 56 years 
and 53.3% were women. Before PS matching, patients in the 
CT- first group (table 1) were older (57 vs 55 years), less likely to 
be current smokers (35.5% vs 42.6%) and had a higher incidence 
of typical chest pain (45.7% vs 27.1 %). Yet, the presence of 
comorbidities was comparable. Median follow- up was 5.5 (IQR: 
3.4–7.8) years, and 1331 (4.0%) patients died during follow- up. 
In 329 (1.0%) patients, a cardiovascular cause of death was 
assigned. Thus, PSs were distributed differently between patients 
with and without a CT- first strategy (online supplemental figure 
1).

After PS matching, 2308 patients were in the CT- first group, 
and 10 237 patients were matched to this group. Patients in 
the CT- first group had a median coronary artery calcification 
score of 2.20 (IQR: 0–88). There were 871, 329 and 225 filed 
stenoses in the left anterior descending artery, right coronary 
artery and circumflex artery, respectively, of which 489 (34.3%) 
were reported to be significant (>50% stenosis). In the matched 
sample, baseline characteristics were more equally distributed as 
compared with the unmatched sample (table 1), for example, 
mean age (57 years in both groups) and type of chest pain 
(non- anginal 39.1% vs 36.1%, atypical 15.3% vs 16.3%, and 
typical 45.6% vs 47.6% for, respectively, with and without a 
CT- first strategy). Consequently, the distribution of the PS of 
the included patients showed improved overlap in the matched 
sample (online supplemental figure 1). The matched sample 
(n=12 545) was used for the analyses of primary and secondary 
outcomes.

Outcome analysis
All-cause and cardiovascular mortality after PS matching
In the matched sample 406 (3.2%) patients died. In 111 (0.9%) 
patients, there was a cardiovascular cause of death. Median 
follow- up was 4.9 years. In patients with a CT- first strategy, 
all- cause mortality was 1.9% (n=43) compared with 3.5% 
(n=363) in patients without a CT- first strategy (HR: 0.51, 
95% CI 0.37 to 0.70). The Kaplan- Meier curves for patients 
with and without a CT- first strategy are shown in figure 2 
and show a consistent divergent pattern over up to 7 years of 
follow- up. Cardiovascular mortality for patients in the CT- first 
group was 16 (0.7%) and 95 (0.9%) for the patients without 
a CT- first strategy, respectively. The corresponding HR for 
cardiovascular mortality was 0.73 (95% CI 0.43 to 1.24). 
The corresponding Kaplan- Meier curves are shown in online 
supplemental figure 2.

Downstream diagnostics and interventions
A total of 3432 (27.4%) patients of the matched cohort had 
diagnostic or therapeutic follow- up. The percentage of CAGs 
(16.2% vs 10.6%, p<0.001) and coronary interventions (8.5% 
vs 5.7%, p<0.001) were higher in the CT- first strategy group, 
compared with the group of patients without CT (table 2). The 
same was seen for the number of stress ECGs, which was higher 
for CT- first patients (17.5% vs 15.6%, p=0.03), yet the time 
interval between initial presentation and stress ECG was shorter 
in patients without a CT- first strategy (median time between 
chest pain consult and stress ECG: 112 days, IQR: 25–598, vs 
301 days, IQR: 91–759). Follow- up cardiac perfusion imaging 
did not show any differences (3.0% vs 2.8% in, respectively, 
patients with and without a CT- first strategy).

Medication use
Medication use for primary or secondary prevention of CAD 
(including aspirin, statins, beta- blockers, calcium channel 
blockers and nitrates) at baseline was similar for patients with 
and without a CT- first strategy (tables 1 and 3). After initial chest 
pain consult, initiation of aspirin (44.9% vs 27.1%, p<0.001), 
b- blockers (37.8% vs 25.5%, p<0.001) and statins (48.7% vs 
30.3%, p<0.001) was higher in the CT- first strategy group, 
compared with the group without CT.

Table 2 Distribution of diagnostics and therapeutics during follow- up

CT- first
(n=2308)

Patients without a CT- first strategy
(n=10 237) P value

Anatomical imaging (%) 392 (17.0) 1435 (14.0) <0.001

Perfusion imaging (%) 70 (3.0) 290 (2.8) 0.652

Coronary interventions (%) 197 (8.5) 581 (5.7) <0.001

Stress ECG at CCN (%) 403 (17.5) 1600 (15.6) 0.032

Coronary angiography (%) 373 (16.2) 1086 (10.6) <0.001

Cardiac CT (%) 23 (1.0) 429 (4.2) <0.001

Time (days) between chest pain consult – stress ECG (median (IQR)) 301.00 (91.00–759.00) 112.00 (25.00–597.75) <0.001

Time (days) between chest pain consult – anatomical imaging (median (IQR)) 57.00 (37.75–87.25) 49.00 (20.00–119.50) <0.001

Time (days) between chest pain consult – perfusion imaging (median (IQR)) 74.00 (49.25–162.25) 36.50 (17.00–91.00) <0.001

Time (days) between chest pain consult – coronary intervention (median (IQR)) 65.00 (42.00–98.00) 51.00 (21.00–102.00) <0.001

Distribution of diagnostics and therapeutics during follow- up in patients with a CT- first strategy and the population without a CT- first strategy. Anatomical imaging comprises 
cardiac CT and coronary angiography. Perfusion imaging includes cardiac PET, SPECT and MRI. Coronary interventions are coronary artery bypass grafts and percutaneous 
coronary interventions.
CCN, Cardiology Centers of the Netherlands; MRI, magnetic resonance imaging; PET, positron emission tomography; SPECT, single- photon emission computed tomography.
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Subgroup and sensitivity analyses
The association between having a cardiac CT for diagnostic eval-
uation of chest pain and all- cause mortality was further investi-
gated in clinically relevant subgroups (figure 3). Men showed 
greater benefit from a CT- first strategy with respect to all- cause 
mortality, although p value for interaction was not significant. 
This p- value was only significant for type of chest pain (p- value: 

0.013) and risk of CAD (p- value: 0.0046), implying that patients 
with a possible anginal origin of chest pain and with an interme-
diate to high risk of CAD benefit from a CT- first strategy.

Sensitivity analyses showed that HRs were similar for the 
different regions of the Netherlands and for the inclusion year 
of patients (online supplemental table 1). Residence and inclu-
sion year were taken into account during the PS calculation. This 
suggests a similar distribution of these variables in the CT- first 
and without CT- first group. Sensitivity analysis of removal 
of patients (n=4883) from one centre that did not structur-
ally perform cardiac CT including calcium scoring and CCTA 
showed comparable HR for all- cause mortality (0.44, 95% CI 
0.28 to 0.67 vs 0.51, 95% CI 0.37 to 0.70) and HR for cardio-
vascular mortality (0.70, 95% CI 0.37 to 1.33 vs 0.73 95% CI 
0.43 to 1.23) to the main matched sample. After removal of 
all patients with CAG within 10 weeks after their initial visit 
(n=959), the HR for all- cause mortality (0.54, 95% CI 0.39 to 
0.74) and cardiovascular mortality (0.78, 95% CI 0.45 to 1.34) 
changed but within CIs.

DISCUSSION
The analysis performed in this study demonstrated that upstream 
inclusion of cardiac CT in diagnostic work- up of patients with 
chest pain was associated with a significant lowering of all- cause 
mortality, irrespective of the outcome of the cardiac CT. We 
also observed a lower cardiovascular mortality rate in CT- first 
patients, although this difference was not statistically significant. 
This can be due to the low numbers of a cardiovascular cause of 
deaths and insufficient registration of the cause of death. Our 
data also show that patients with a CT- first strategy had more 
downstream therapeutics and diagnostic testing. This is in accor-
dance with findings from other registries.10 The presented results 
underscore and complement the prominent role of cardiac CT 
in the diagnostic work- up of patients presenting with chest 
pain in clinical guidelines,12 which has also been internationally 
addressed.25

Based on previous publications, it is assumed that patients 
that undergo cardiac CT in addition to regular care receive an 
accurate diagnosis earlier and more often,26 after which targeted 
antianginal and preventative therapy is initiated, resulting in 
overall superior survival in these patients.27 28 The prescription 

Table 3 Medication use in selected population
CT- first 
(n=2308)

Patients without a CT- first strategy 
(n=10 237)

Aspirin (%)

  Continued 57 (2.5) 323 (3.2)

  Discontinued 22 (1.0) 40 (0.4)

  Initiated 1036 (44.9) 2770 (27.1)

  Initiated and discontinued 339 (14.7) 369 (3.6)

Beta- blocker (%)

  Continued 75 (3.2) 419 (4.1)

  Discontinued 20 (0.9) 23 (0.2)

  Initiated 873 (37.8) 2611 (25.5)

  Initiated and discontinued 549 (23.8) 525 (5.1)

Calcium- channel blocker (%)

  Continued 36 (1.6) 135 (1.3)

  Discontinued <10 (<0.4) 13 (0.1)

  Initiated 287 (12.4) 1311 (12.8)

  Initiated and discontinued 81 (3.5) 213 (2.1)

Nitrates (%)

  Continued 18 (0.8) 92 (0.9)

  Discontinued <10 (<0.4) <10 (<0.1)

  Initiated 502 (21.8) 1791 (17.5)

  Initiated and discontinued 165 (7.1) 260 (2.5)

Statins (%)

  Continued 71 (3.1) 332 (3.2)

  Discontinued <10 (<0.4) <10 (<0.1)

  Initiated 1125 (48.7) 3102 (30.3)

  Initiated and discontinued 84 (3.6) 141 (1.4)

Medication use in selected patients for the CT- first strategy and patients without a CT- first strategy. 
Continued medication is defined as medication that was started before the chest pain consult and 
continued for at least 120 following days. Discontinued medication is medication started before 
the consult and stopped within 120 days. Initiated medication was started within the time frame 
from chest pain consult until 120 days after the consult. Initiated and discontinued medication was 
medication that was started and discontinued within 120 days following the chest pain consult.

Figure 3 Forest plot of the subgroup analysis. CAD risk is defined as the pretest probability of CAD according to the ESC guidelines of 2019: Low  : 
<5%, intermediate to high: >5%. Anginal chest pain includes typical and atypical chest pain. SCORE is the cardiovascular risk score as defined by the 
Systematic COronary Risk Evaluation. CAD, coronary artery disease; ESC, European Society of Cardiology.
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of preventative medication, especially statins, aspirin and beta 
blockers to patients with CT- verified atherosclerotic lesions 
was thought to be the major reason for lower mortality rates 
observed in patients undergoing cardiac CT in the SCOT- 
HEART trial. However, cardiovascular mortality rates were not 
significantly lower in the CT- first population. One reason for 
the lower risk of all- cause mortality could be the identification 
of relevant extracardiac findings, which occur in approximately 
3%. Of these, pulmonary nodules make up the largest share 
(1.3%).29 Also the inclusion of patients at lower risk for CAD 
in the CT- first group that have not been properly identified due 
to missing values might account for the discrepancy in all- cause 
and cardiovascular mortality after a CT- first strategy. Finally, the 
number of events and follow- up time might be too low to estab-
lish the effect of lifestyle changes as a result of the visualisation 
of coronaries on CT. Yet, as we did not include an in- depth anal-
ysis of the results of cardiac CT, we could not relate this to the 
presence of CAD or atherosclerotic lesions.

In accordance with the SCOT- HEART trial, we observed a 
higher referral rate for follow- up diagnostics and interventions 
in CT- first patients.5 27 We did not perform analyses of these 
downstream costs. Therefore, no statements can be given about 
the cost- to- benefit ratio in patients with and without a cardiac 
CT- first strategy. Yet, in the light of a faster and more often 
correct diagnosis,27 lower cumulative diagnostic expenses could 
be expected for patients with a cardiac CT.26 Nevertheless, cost- 
effectiveness of the CT- first strategy needs to be established 
and should take into account the higher number of revascular-
isations and medication prescriptions in CT- first patients.10 30 
On the contrary, the relatively low cost and wide availability of 
CT makes it accessible for more patients compared with other 
cardiac imaging strategies.

Strengths and limitations
The presented study has multiple strengths. First, the use of 
EHR data aids to address concerns of health volunteer bias and 
under- representation of patient subgroups that are mostly seen 
in clinical trials. This is represented in the large study population 
and equal distribution of sex within the population. Thus, the 
included population is an actual representation of the popula-
tion that the guidelines are intended for. Therefore, the results 
have high external validity. Second, the longer follow- up in this 
study has incremental value compared with the Danish nation-
wide registry10 and the PROMISE trial8 that presented data with 
a follow- up of respectively 3.6 years and 25 months.

The study was limited by the lack of information on cardio-
vascular events, including cardiovascular hospitalisations, which 
hampered the analysis of these events. Another limitation of 
regular care data is confounding by indication; patients with a 
higher pretest probability of CAD are more likely to be referred 
for cardiac CT than patients with a lower pretest probability. To 
avoid this potential bias, PS matching was used to ensure compa-
rability between patients with and without a CT- first strategy. 
Regardless, one would have expected that patients with a higher 
pretest likelihood would show lower survival. Yet, we observed 
the opposite, vindicating that baseline differences between both 
groups were properly accounted for. Nonetheless, it is impos-
sible to eliminate or to take into account the influence of unmea-
sured confounders or instrumental variables in the presented 
methodology.

To conclude, this study was the first to demonstrate a signifi-
cantly lower HR for all- cause mortality in patients with chest 
pain who had a CT- first strategy compared with patients who 

did not have a CT- first strategy. It is hypothesised that patients 
with a CT- first strategy obtain a more tailored therapy, including 
risk- reducing medication. These results support a CT- first 
strategy for patients with chest pain and strengthen the prom-
inent role for cardiac CT as the primary method for diagnostic 
work- up of patients with chest pain, as suggested by the current 
ESC guidelines.

Key messages

What is already known on this subject?
 ⇒ Upstream incorporation of cardiac CT in the diagnostic 
pathway (CT- first strategy) has shown to reduce fatal and 
non- fatal myocardial infarction with 50% in patients with 
chest pain in the SCOT- HEART study. Although registry studies 
and the PROMISE trial could not confirm these findings, 
international guidelines have incorporated a CT- first strategy 
in the evaluation of patients with chest pain. Regular care 
data can aid in building the evidence for this guideline 
implementation.

What might this study add?
 ⇒ A CT- first strategy in patients with chest pain is associated 
with a lower risk of all- cause mortality (HR: 0.51, 95% CI 
0.37 to 0.70), but not cardiovascular mortality (HR: 0.73, 
95% CI 0.43 to 1.24). In patients with a CT- first strategy, 
prescriptions of risk- reducing and antianginal medication 
were higher compared with patients without a CT- first 
strategy.

 ⇒ Propensity score matching and multiple imputation can 
reduce bias present in regular care data. These methods 
enable researchers to use the potential of regular care data to 
strengthen the evidence base for clinical practices.

How might this impact on clinical practice?
 ⇒ Patients undergoing a cardiac CT as part of their 
diagnostic work- up for chest pain might have increased 
survival, compared with patients undergoing usual care. 
It is hypothesised this is due to more timely and accurate 
diagnosis of the origin of chest pain, resulting in targeted 
therapeutics and initiation of antianginal and preventative 
medication.
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