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ABSTRACT
Objective We aimed to evaluate the association of the 
prognostic impact of coronary revascularisation with 
physician- referred non- invasive diagnostic imaging 
tests (single photon emission CT (SPECT) vs coronary CT 
angiography) for coronary artery disease.
Design A post hoc analysis of a subgroup from the patient 
cohort recruited for the Japanese Coronary- Angiography or 
Myocardial Imaging for Angina Pectoris Study.
Setting Multiple centres in Japan.
Participants From the data of 2780 patients with stable 
angina, enrolled prospectively between January 2006 and 
March 2008 in Japan, who had undergone physician- 
referred non- invasive imaging tests, 1205 patients with 
SPECT as an initial strategy and 625 with CT as an 
initial strategy were analysed. We assessed the effect 
of revascularisation (within 90 days) in each diagnostic 
imaging stratum and the interaction between the two strata.
Primary and secondary outcome measures Major 
adverse cardiac events (MACEs), including death, 
myocardial infarction, hospitalisation for heart failure and 
late revascularisation, were followed up for 1 year. The χ2 
test, Student’s t- test, Kaplan- Meier analysis, log- rank test 
and multivariable Cox proportional hazard model were 
used in data analysis.
Results A total of 210 (17.4%) patients in the SPECT 
stratum and 149 (23.8%) in the CT stratum underwent 
revascularisation. Although in each stratum, the 
cumulative 1 year incidence of MACEs was significantly 
higher in patients who underwent revascularisation 
than in those who did not (SPECT stratum: 9.1 vs 1.2%, 
log- rank p<0.0001; CT stratum: 6.1 vs 0.8%, log- rank 
p=0.0001), there was no interaction between the risk of 
revascularisation and the imaging strata (SPECT stratum: 
adjusted HR (95% CI), 4.25 (1.86–9.72); CT stratum: 4.13 
(1.16–14.73); interaction: p=0.97).
Conclusion The association of revascularisation with 
the outcomes of patients with suspected coronary artery 
disease was not different between SPECT- first and CT- first 
strategies in a physician- referred fashion.

INTRODUCTION
It is important to choose the appropriate 
initial diagnostic imaging modality to detect 
coronary artery disease (CAD) in symptom-
atic patient.1–4 Although the superiority of 
anatomical testing over functional testing 
has long been discussed, compared to initial 
functional testing, anatomical testing strat-
egies using CT do not reduce the incidence 
of major adverse cardiac events (MACEs).1 2 4 
Douglas et al reported that patients who had 
initial anatomic testing using CT underwent 
revascularisation more frequently than those 
who had initial functional testing. However, 
patients who had CT did not have reduced 
incidence of MACEs when compared with 
those who had functional testing.1 In line with 
the evidence from the above- mentioned large 

Strengths and limitations of this study

 ► The differences in the prognostic impact of coronary 
revascularisation with non- invasive diagnostic im-
aging tests (single photon emission CT (SPECT) vs 
coronary CT) remain to be elucidated.

 ► From the multicentre data of patients with stable an-
gina enrolled prospectively between January 2006 
and March 2008 in Japan, we analysed 1830 pa-
tients who had undergone physician- referred diag-
nostic imaging tests (SPECT 1205 patients; CT 625 
patients) for initial assessment.

 ► We tested the interactions between the two strata 
and the impact of revascularisation therapy on their 
prognosis.

 ► One limitation of this study is that the imaging mo-
dality and the treatment strategy were chosen arbi-
trarily by the physicians.
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randomised trial, patients with CT and coronary angiog-
raphy (CAG) were more likely to undergo revascularisa-
tion than those with single photon emission computed 
tomography (SPECT) in the original Japanese Coronary- 
Angiography or Myocardial Imaging for Angina Pectoris 
Study (J- COMPASS), a multicentre study.2 Moreover, 
there was no difference in incidence of MACEs between 
those who had SPECT and those who had CT as the 
physician- referred initial tests for suspected stable CAD.3

Although patients who had initial CT underwent revas-
cularisation more frequently than those who had initial 
functional tests, it has not yet been elucidated whether 
the prognostic impact of revascularisation is different 
between non- invasive diagnostic modalities for detecting 
CAD. In this post hoc analysis of a subgroup of patients 
recruited for the J- COMPASS study, we hypothesise that 
the prognostic impact of revascularisation is not different 
between patients with SPECT- first and CT- first strategies 
as the physician- referred initial non- invasive diagnostic 
test for CAD.

METHODS
Patient and public involvement
Patients and the public were not involved in the design or 
conduct of the study.

Study design and population
The design and main trial results of the J- COMPASS study 
has already been published.2 From 81 centres in Japan 
with high- end diagnostic facilities (online supplemen-
tary appendix), 2870 consecutive patients with suspected 
stable angina who were followed up were enrolled 
prospectively between January 2006 and March 2008. 
Based on the results of initial tests and other clinical 
findings, well- trained cardiologists determined the initial 
diagnostic imaging modality to be used and the treatment 
strategy to be adopted without using any pre- specified 
criteria. In this post hoc sub- study, we excluded patients 
who had undergone an invasive modality (CAG: n=950). 
Thus, symptomatic patients who underwent SPECT 

(n=1205) or CT (n=625) as the initial diagnostic test for 
suspected chronic CAD were enrolled (figure 1). The 
exclusion criteria of the original study were acute coro-
nary syndrome at presentation or within a short period 
after the initial test and a history of myocardial infarction 
(MI) or revascularisation therapy.

Treatment strategy and outcome measures
Based on the results of initial diagnostic tests and other 
clinical findings, physicians chose the treatment strategy 
without using any pre- specified criteria.2 The treatment 
strategies included (1) medical therapy, that is, therapy 
with the same medication at the same dose after the 
initial test; (2) escalation of medical therapy, that is, an 
increase in the dose of the same medication or introduc-
tion of new medication; and (3) early revascularisation 
that was defined within 90 days from the test with escala-
tion of medical therapy.2 The revascularisation and the 
medication strategies were selected at the discretion of 
the physicians. We divided the patients who had any of 
these diagnostic modalities into two groups: those who 
underwent early revascularisation (revascularisation 
group) and those who did not undergo early revascu-
larisation (non- revascularisation group). The outcomes 
were MACEs: death, acute MI, hospitalisation for heart 
failure and late revascularisation (>3 months) in accor-
dance with the original study.2 One- year follow- up was 
performed with an allowance of 1 month.

Definition of obstructive CAD in coronary CT, functionally 
significant results in SPECT and comorbidities
We adopted the definitions used by the J- COMPASS 
study.2 4 On CT angiography, patients with one or more 
diseased vessel (>50% stenosis in segment 5, 6, 7, 11, 13, 
1, 2 or 3) were considered to have significant stenosis.5 6 
In the SPECT group, SPECT images were divided into 
17 segments, each of which was scored on a 5- point scale 
under both stress and rest conditions (0, normal; 1, mildly 
reduced; 2, moderately reduced; 3, severely reduced; 4, 
absent) according to the American Heart Association 
criteria,7 and a Summed Stress Score (SSS) ≥2 was consid-
ered to be a functionally significant result.3 4 Comorbidi-
ties were determined based on the physician’s evaluation. 
Cerebrovascular disease was defined as the occurrence 
of stroke or vascular disease requiring intervention by a 
neurosurgeon. Malignancy was defined as the presence 
of cancers or haematological neoplasms.

Statistical analysis
In this analysis, we (1) compared the baseline character-
istics of patients who underwent early revascularisation 
and that of those who did not in each modality, (2) inves-
tigated the outcomes between the two groups in each 
modality and (3) investigated the interaction between 
the prognostic implication of early revascularisation and 
diagnostic modalities.

Categorical variables are expressed as numbers and 
percentages and were compared using the χ2 test. 

Figure 1 Patient flow chart. Revascularisation was defined 
as early revascularisation within 90 days from the initial 
diagnostic imaging test. CAG, coronary angiography; J- 
COMPASS, Japanese Coronary- Angiography or Myocardial 
Imaging for Angina Pectoris Study; SPECT, single photon 
emission CT.
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Continuous variables are expressed as means (SD) or 
median and IQRs. Continuous variables were compared 
between the two groups using Student’s t- test. Kaplan- 
Meier analysis was used to estimate the MACE rate 
between the revascularisation and non- revascularisation 
groups; the log- rank test was used to perform univariate 
comparisons. To compare risks between the revascular-
isation and non- revascularisation groups, a multivari-
able Cox proportional hazard model was developed 
for MACEs. The results are expressed as HRs and 95% 
CIs. There are several sources of bias in the processes 
of referral for angiography, performance of coronary 
revascularisation and revascularisation strategy, that 
could have influenced the risk of revascularisation in the 
patients who had SPECT and those who had CT. To over-
come these sources of bias, we selected sixteen clinically 
relevant risk- adjusting variables as well as the severity of 
abnormal findings and the treatment strategies in each 
group: age ≥60 years; sex; body mass index (BMI); esti-
mated glomerular filtration rate; the presence of hyper-
tension, dyslipidaemia, diabetes, hyperuricaemia, chronic 
obstructive pulmonary disease and atrial fibrillation; 
Canadian Circulation Society class 2 or higher8; current 
smoking status; New York Heart Association functional 
class 2 or higher9 which is consistent with that used in our 
previous reports2–4; severity of abnormal findings (SSS 
≥8 or three vessel disease); escalation of medical therapy; 
and early revascularisation (table 1). We then tested the 
interaction between the prognostic impact of early revas-
cularisation and each diagnostic modality. Online supple-
mentary table 1 compares the characteristics of patients 
who had SPECT and those who had CT.2

Statistical analysis was performed by the study biostatis-
tician (YU) using SAS V.9.4 software (SAS Institute). All 
reported p values were two- tailed, and p values <0.05 were 
considered statistically significant.

RESULTS
Patient characteristics
The characteristics of patients who underwent SPECT 
(n=1205) and those who underwent CT (n=625: online 
supplementary table 1) in the revascularisation and non- 
revascularisation groups are shown in table 1. There was a 
significant difference in the rate of early revascularisation 
between the SPECT and CT strata (17.4% and 23.8%, 
respectively, p=0.0012).

In the SPECT stratum, patients in the revascularisa-
tion group (n=210, 17.4%) were less likely to be women 
(30.5% vs 46.6%, p<0.0001) and had a higher BMI 
(mean: 24.3 vs 23.7, p=0.046); had greater prevalence of 
hypertension (66.7 vs 54.2%, p=0.0001), dyslipidaemia 
(56.7 vs 41.5%, p<0.0001) and diabetes (48.6 vs 23.8%, 
p<0.0001); and had more severe symptoms than those 
in the non- revascularisation group (n=995, 82.6%). 
There was a significant difference in abnormal SPECT 
(SSS>2) findings between the revascularisation and non- 
revascularisation groups (92.4 vs 35.6%, p<0.0001). The 

severity of decreased perfusion or provoked ischaemia 
was greater in the revascularisation group than in the 
non- revascularisation group (table 1).

In the CT stratum, patients in the revascularisation 
group (n=149, 23.8%) were older (mean: 68.5 vs 65.2 
years, p=0.0011); less likely to be women (34.9% vs 
50.2%, p=0.0013); had a greater prevalence of hyper-
tension (66.4 vs 55.0%, p=0.017), dyslipidaemia (59.1 vs 
46.8%, p=0.011) and diabetes (41.6 vs 21.8%, p<0.0001); 
and had more severe symptoms than those in the non- 
revascularisation group (n=476, 76.1%). There was a 
significant difference in abnormal CT findings (>50% 
stenosis in segment 5, 6, 7, 11, 13, 1, 2 or 3) between the 
revascularisation and non- revascularisation groups (91.3 
vs 28.6%, p<0.0001).The numbers of stenosed coronary 
arteries were greater in the revascularisation group than 
in the non- revascularisation group (table 1).

Association of revascularisation with outcomes in each 
stratum and an interaction
The 1 year follow- up rate was 97.6%. The cumulative 
1 year incidence of MACEs was significantly higher in the 
revascularisation group than in the non- revascularisation 
group in each diagnostic imaging stratum (SPECT 
stratum: 9.1 vs 1.2%, log- rank p<0.0001 figure 2A; CT 
stratum: 6.1 vs 0.8%, log- rank p=0.0001 figure 2B). 
After adjusting for confounders, the risk of MACEs was 
significantly higher in the revascularisation group than 
in the non- revascularisation group (table 2). There was 
no significant interaction between the risk of MACEs in 
the revascularisation group relative to that in the non- 
revascularisation group and the diagnostic modality 
strata (SPECT stratum: adjusted HR (95% CI), 4.25 
(1.86–9.72); CT stratum: 4.13 (1.16–14.73); interaction: 
p=0.97) (table 2).

DISCUSSION
The main findings of this study are as follows: (1) in 
both the SPECT and CT strata, patients who underwent 
revascularisation had a higher risk of atherosclerosis and 
abnormal findings on the initial diagnostic imaging, and 
(2) although the risk of MACEs in the revascularisation 
group remained significantly high compared to that in 
the non- revascularisation group, there was no interaction 
between the risk and diagnostic modalities.

Initial diagnostic imaging and early revascularisation
SPECT- first strategy introduces less revascularisation 
than the CT- first strategy, as previously reported in the 
J- COMPASS study.2 This is in line with the result of the 
meta- analysis on non- invasive functional and anatomical 
testing.10 As anticipated, the prevalence of functional and 
anatomical abnormality was often observed in the revas-
cularisation group in each diagnostic stratum. Therefore, 
the high incidence of MACEs in the revascularisation 
group is not surprising. The novelty of this study is that 
regardless of whether the non- invasive test was functional 

.
A Self-archived copy in

Kyoto University Research Information Repository
https://repository.kulib.kyoto-u.ac.jp

https://dx.doi.org/10.1136/bmjopen-2019-035111
https://dx.doi.org/10.1136/bmjopen-2019-035111
https://dx.doi.org/10.1136/bmjopen-2019-035111
https://dx.doi.org/10.1136/bmjopen-2019-035111


4 Kato T, et al. BMJ Open 2020;10:e035111. doi:10.1136/bmjopen-2019-035111

Open access 

Ta
b

le
 1

 
P

at
ie

nt
 p

op
ul

at
io

n

S
P

E
C

T
(n

=
12

05
)

C
T

(n
=

62
5)

R
ev

as
cu

la
ri

sa
ti

o
n 

(n
=

21
0)

N
o

n-
 re

va
sc

ul
ar

is
at

io
n

(n
=

99
5)

P
 v

al
ue

R
ev

as
cu

la
ri

sa
ti

o
n

(n
=

14
9)

N
o

n-
 re

va
sc

ul
ar

is
at

io
n

(n
=

47
6)

P
 v

al
ue

A
ge

67
.1

6
9.

9
65

.9
4

10
.7

0.
12

7
68

.4
8.

29
65

.2
5

10
.7

7
0.

00
11

A
ge

 ≥
60

 y
ea

rs
 o

ld
†

16
0

59
.5

%
70

5
83

.3
%

0.
12

9
12

6
84

.6
%

33
6

70
.6

%
0.

00
05

9

Fe
m

al
e

64
30

.5
%

46
4

46
.6

%
<

0.
00

01
52

34
.9

%
23

9
50

.2
%

0.
00

13
3

H
ei

gh
t 

(c
m

)
16

0.
11

9.
05

15
9.

19
9.

12
0.

18
2

15
8.

81
8.

21
15

8.
51

9.
03

0.
71

9

W
ei

gh
t 

(K
g)

62
.5

8
11

.6
5

60
.4

3
11

.7
4

0.
01

6
61

.7
4

11
.0

9
60

.0
6

11
.4

2
0.

11
6

B
M

I (
kg

/m
2 )*

†
24

.3
0

3.
3

23
.7

6
3.

6
0.

04
6

24
.3

7
3.

43
23

.8
1

3.
37

0.
08

2

S
ys

to
lic

 B
P

 (m
m

 H
g)

13
9.

85
21

.9
4

13
7.

27
19

.5
4

0.
08

9
14

0.
71

19
.2

1
13

8.
72

19
.9

4
0.

28
5

D
ia

st
ol

ic
 B

P
 (m

m
 H

g)
77

.1
3

13
.3

2
78

.4
9

12
.0

1
0.

14
6

77
.2

4
10

.9
4

78
.3

2
12

.7
7

0.
35

5

S
m

ok
in

g
55

26
.2

%
19

4
19

.5
%

0.
03

1
38

25
.5

%
97

20
.4

%
0.

20
9

H
yp

er
te

ns
io

n†
14

0
66

.7
%

53
9

54
.2

%
0.

00
1

99
66

.4
%

26
2

55
.0

%
0.

01
7

D
ys

lip
id

ae
m

ia
†

11
9

56
.7

%
41

3
41

.5
%

<
0.

00
01

88
59

.1
%

22
3

46
.8

%
0.

01
1

D
ia

b
et

es
†

10
2

48
.6

%
23

7
23

.8
%

<
0.

00
01

62
41

.6
%

10
4

21
.8

%
<

0.
00

01

H
yp

er
ur

ic
ae

m
ia

†
15

7.
1%

49
4.

9%
0.

23
4

10
6.

7%
28

5.
9%

0.
69

7

Fa
m

ili
al

 h
is

to
ry

 o
f C

A
D

32
15

.2
%

11
0

11
.1

%
0.

09
9

28
18

.8
%

67
14

.1
%

0.
19

0

C
er

eb
ro

va
sc

ul
ar

  
d

is
ea

se
23

11
.0

%
82

8.
2%

0.
22

5
13

8.
7%

24
5.

0%
0.

11
1

P
er

ip
he

ra
l a

rt
er

y 
 

d
is

ea
se

13
6.

2%
19

1.
9%

0.
00

1
3

2.
0%

3
0.

6%
0.

15
1

A
tr

ia
l fi

b
ril

la
tio

n
5

2.
4%

44
4.

4%
0.

24
6

3
2.

0%
17

3.
6%

0.
43

4

C
O

P
D

†
3

1.
4%

10
1.

0%
0.

48
3

0
0.

0%
6

1.
3%

0.
34

4

D
is

ea
se

 o
f a

or
ta

4
1.

9%
22

2.
2%

1.
00

0
2

1.
3%

2
0.

4%
0.

24
2

M
al

ig
na

nc
y

6
2.

9%
23

2.
3%

0.
62

1
3

2.
0%

8
1.

7%
0.

72
9

eG
FR

 (m
L/

m
in

/1
.7

3 
m

2 )†
70

.1
3

25
.3

1
73

.3
9

30
.9

7
0.

15
8

75
.8

5
18

.4
9

80
.8

9
36

.9
2

0.
10

9

A
b

no
rm

al
 fi

nd
in

gs
‡

19
4

92
.4

%
35

4
35

.6
%

<
0.

00
01

13
6

91
.3

%
13

6
28

.6
%

<
0.

00
01

 
 S

S
S

: 2
~

7
60

28
.6

%
24

7
24

.8
%

<
0.

00
01

n/
a

n/
a

n/
a

n/
a

 
 S

S
S

: 8
~

†
13

4
63

.8
%

10
7

10
.8

%
n/

a
n/

a
n/

a
n/

a

 
 S

D
S

:>
=

2
17

8
84

.8
%

20
6

20
.7

%
<

0.
00

01
n/

a
n/

a
n/

a
n/

a

 
 1V

D
n/

a
n/

a
n/

a
n/

a
68

45
.6

%
68

14
.3

%
<

0.
00

01

 
 2V

D
n/

a
n/

a
n/

a
n/

a
43

28
.9

%
35

7.
4%

 
 3V

D
†

n/
a

n/
a

n/
a

n/
a

25
16

.8
%

15
3.

2%

C
on

tin
ue

d

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp



5Kato T, et al. BMJ Open 2020;10:e035111. doi:10.1136/bmjopen-2019-035111

Open access

S
P

E
C

T
(n

=
12

05
)

C
T

(n
=

62
5)

R
ev

as
cu

la
ri

sa
ti

o
n 

(n
=

21
0)

N
o

n-
 re

va
sc

ul
ar

is
at

io
n

(n
=

99
5)

P
 v

al
ue

R
ev

as
cu

la
ri

sa
ti

o
n

(n
=

14
9)

N
o

n-
 re

va
sc

ul
ar

is
at

io
n

(n
=

47
6)

P
 v

al
ue

C
C

S
†

 
 C

la
ss

 1
11

9
56

.7
%

82
0

82
.4

%
<

0.
00

01
62

41
.6

%
32

4
68

.1
%

<
0.

00
01

 
 C

la
ss

 2
85

40
.5

%
16

5
16

.6
%

74
49

.7
%

12
5

26
.3

%

 
 C

la
ss

 3
6

2.
9%

7
0.

7%
9

6.
0%

6
1.

3%

 
 C

la
ss

 4
0

0.
0%

3
0.

3%
4

2.
7%

21
4.

4%

N
Y

H
A

†

 
 I

16
9

80
.5

%
93

8
94

.3
%

<
0.

00
01

10
9

73
.2

%
39

5
83

.0
%

0.
00

03

 
 II

39
18

.6
%

54
5.

4%
32

21
.5

%
59

12
.4

%

 
 III

2
1.

0%
3

0.
3%

4
2.

7%
7

1.
5%

 
 IV

0
0.

0%
0

0.
0%

4
2.

7%
15

3.
2%

S
ub

se
q

ue
nt

 C
A

G
21

0
10

0.
0%

19
7

19
.8

%
<

0.
00

01
14

9
10

0.
0%

66
13

.9
%

<
0.

00
01

 
 O

b
st

ru
ct

iv
e 

C
A

D
20

8
99

.0
%

48
4.

8%
0.

00
16

14
8

99
.3

%
39

8.
2%

<
0.

00
01

E
sc

al
at

io
n 

of
 m

ed
ic

al
 t

he
ra

p
y

21
0

10
0.

0%
52

7
53

.0
%

<
0.

00
01

14
9

10
0.

0%
28

7
60

.3
%

<
0.

00
01

Va
lu

es
 a

re
 n

um
b

er
 (%

) o
r 

m
ea

n 
(S

D
).

P
 v

al
ue

s 
w

er
e 

ca
lc

ul
at

ed
 fr

om
 a

 χ
2  t

es
t 

fo
r 

ca
te

go
ric

al
 v

ar
ia

b
le

s,
 C

on
tin

uo
us

 v
ar

ia
b

le
s 

w
er

e 
ex

p
re

ss
ed

 a
s 

m
ea

ns
 (S

D
). 

C
on

tin
uo

us
 v

ar
ia

b
le

s 
w

er
e 

co
m

p
ar

ed
 u

si
ng

 t
he

 S
tu

d
en

t’s
 t

- t
es

t 
b

et
w

ee
n 

tw
o 

gr
ou

p
s.

*B
od

y 
m

as
s 

in
d

ex
 w

as
 c

al
cu

la
te

d
 a

s 
w

ei
gh

t 
in

 k
ilo

gr
am

s 
d

iv
id

ed
 b

y 
he

ig
ht

 in
 m

et
re

s 
sq

ua
re

d
.

†P
ot

en
tia

l r
is

k-
 ad

ju
st

in
g 

va
ria

b
le

s 
se

le
ct

ed
 fo

r 
C

ox
 p

ro
p

or
tio

na
l h

az
ar

d
 m

od
el

s.
 C

C
S

 w
as

 a
d

ju
st

ed
 fo

r 
C

la
ss

 2
 o

r 
m

or
e,

 a
nd

 N
Y

H
A

 fu
nc

tio
na

l c
la

ss
 w

as
 a

d
ju

st
ed

 fo
r 

II 
or

 m
or

e.
‡A

b
no

rm
al

 fi
nd

in
gs

 w
er

e 
d

efi
ne

d
 a

s 
S

S
S

 >
2 

in
 S

P
E

C
T 

an
d

 >
50

%
 s

te
no

si
s 

in
 s

eg
m

en
ts

 5
, 6

, 7
, 1

1,
 1

3,
 1

, 2
 o

r 
3 

in
 C

T.
B

P,
 b

lo
od

 p
re

ss
ur

e;
 B

M
I, 

b
od

y 
m

as
s 

in
d

ex
; C

A
D

, c
or

on
ar

y 
ar

te
ry

 d
is

ea
se

; C
A

G
, c

or
on

ar
y 

an
gi

og
ra

p
hy

; C
O

P
D

, c
hr

on
ic

 o
b

st
ru

ct
iv

e 
p

ul
m

on
ar

y 
d

is
ea

se
; e

G
FR

, e
st

im
at

ed
 g

lo
m

er
ul

ar
 r

at
e;

 C
C

S
, 

C
an

ad
ia

n 
C

irc
ul

at
io

n 
S

oc
ie

ty
; N

Y
H

A
, N

ew
 Y

or
k 

H
ea

rt
 A

ss
oc

ia
tio

n;
 S

P
E

C
T,

 s
in

gl
e 

p
ho

to
n 

em
is

si
on

 C
T;

 C
T,

 C
T 

to
m

og
ra

p
hy

 a
ng

io
gr

ap
hy

; S
S

S
, S

um
m

ed
 S

tr
es

s 
S

co
re

; S
D

S
, S

um
m

ed
 D

iff
er

en
ce

 
S

co
re

; n
/a

, n
ot

 a
va

ila
b

le
.

Ta
b

le
 1

 
C

on
tin

ue
d

.
A Self-archived copy in

Kyoto University Research Information Repository
https://repository.kulib.kyoto-u.ac.jp



6 Kato T, et al. BMJ Open 2020;10:e035111. doi:10.1136/bmjopen-2019-035111

Open access 

or anatomical, the risk of MACE after revascularisation, 
that is, the effect of revascularisation, was not different 
between the two groups. Non- invasive imaging tests are 
essential in the diagnosis of suspected CAD and subse-
quent revascularisation to manage the symptoms and 
improve prognosis.11 12 In contemporary practice in 
Japan, the prognostic influence of revascularisation was 
not different between patients who underwent SPECT 
and those who underwent CT as initial tests. Interestingly, 
approximately 10% of patients in both initial non- invasive 
imaging groups who did not have abnormal test results 
were still revascularised early. They were referred to 
undergo subsequent other non- invasive imaging and ulti-
mately referred to undergo CAG based on their clinical 
presentation or the result of previous imaging. Findings 
of CAG were comparable to those of SPECT and CT for 
the detection of CAD.13

Diagnostic and therapeutic strategy and outcomes
The standard of treatment for CAD has evolved over the 
years. Several studies have failed to show that revascu-
larisation therapy was associated with the reduction of 
death in patients with stable CAD and objectively docu-
mented myocardial ischaemia.14–17 However, the FAME 
and FAME-2 trials provided strong evidence that percu-
taneous intervention improves prognosis when func-
tional ischaemia is confirmed by fractional flow reserve 
(FFR).18 19 However, these studies were designed to select 
patients after invasive diagnostic catheterisation. In the 
original J- COMPASS study,2 many patients with a high risk 

Figure 2 Crude Kaplan- Meier curve for major adverse 
cardiovascular events (MACEs) in the single photon 
emission CT (SPECT) (A) and CT (B) strata. MACEs were 
defined as death, acute myocardial infarction, heart failure 
hospitalisation and late revascularisation (>3 months).
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of CAD were referred to CAG, that is, they were referred 
to more invasive than non- invasive diagnostic imaging 
modalities, such as SPECT and CT. In addition, there was 
a difference in the risk profile between the SPECT and CT 
groups. Patients in the SPECT group were more likely to 
have peripheral vascular/aortic disease and worse renal 
function, whereas those in the CT group were more likely 
to have a family history of CAD and more severe symp-
toms (online supplementary table 1). Overall, the SPECT 
group (21of 1205, 2.5%) showed a slightly worse outcome 
than the CT group (13 of 625, 2.1%). The definite role 
of revascularisation in moderate- to- severe ischaemia is 
currently being investigated in the ISCHEMIA trial,20 
and the trial recently showed that the revascularisation 
of patients with stable CAD is neutral to cardiac events.21 
When considering SPECT or CT as an initial test, knowing 
the coronary anatomy likely introduced selection bias to 
percutaneous coronary intervention and that may have 
diluted the potential to demonstrate the effect of revascu-
larisation. However, in the present study, prognostic influ-
ence of revascularisation was not different between the 
SPECT and CT strata. The choice of diagnostic modali-
ties in this study is based on the physician judgement; in 
addition, early revascularisation was performed without 
pre- defined criteria but was based on the physician judge-
ment. Therefore, our results may support the appropri-
ateness of diagnostic and therapeutic strategies for CAD. 
Physician- referred SPECT- first or CT- first strategies were 
not different in outcomes in the present study. Our data 
may be useful to cardiologist when considering the gate-
keepers for invasive tests for CAD.

We observed a higher risk in patients who underwent 
coronary revascularisation; this was not consistent with the 
finding of the ISCHEMIA trial.21 There are two possible 
explanations for this discrepancy. First, the prevalence of 
atherosclerosis in the revascularisation group was signifi-
cantly greater than that in the non- revascularisation 
group. This study is not a randomised study that tested 
the effect of revascularisation; thus, a substantial propor-
tion of patients in the non- revascularisation group had no 
abnormal findings. In contrast, in the ISCHEMIA trial, 
randomly selected patients with moderate- to- severe isch-
aemia as proven by a stress test took part in the study. The 
higher risk of MACEs observed in the present study may 
point to an unmeasured confounding factor despite exten-
sive statistical adjustment. Second, potentially incomplete 
revascularisation may have increased the risk of cardio-
vascular events in this cohort. We did not collect data on 
the completeness or method of revascularisation in this 
study. Instead, we focused on the role of the non- invasive 
diagnostic imaging modalities in terms of the effect of 
revascularisation on outcomes. Our data suggested that 
the non- invasive diagnostic imaging modalities were not 
related to the outcome of subsequent revascularisation.

Limitations
There are some limitations in the present study. First, 
information about why and how patient treatment 

decisions were made, the cost of treatment,22 FFR in CAG, 
and the drugs administered was not analysed or collected. 
Detailed information on obstructive coronary disease in 
subsequent CAG was not collected either. Thus, data on 
the completeness of revascularisation were not taken into 
account in the cohort enrolled between January 2006 and 
March 2008, as this was before the advent of wide spread 
use of FFR in Japan. Second, although all centres had state 
of the art diagnostic facilities, we did not verify the quality 
of the diagnostic imaging modalities at each participating 
centre nor were they analyse in a core laboratory. Third, 
the use of CT is increasing annually, and functional flow 
reserve derived from CT is now being used clinically in 
Japan. Therefore, we should be careful when general-
ising the results of this study in future practice. Fourth, 
important factors associated with test selection (ability to 
exercise and ECG findings, such as left branch bundle 
block) were not included in the analyses of this study. 
Fifth, the present study was performed in Japan. Thus, 
the possible external validity of the result needs to be 
confirmed in non- Asian populations. Sixth, the impact of 
revascularisation on long- term prognosis is still unclear in 
our study population and needs to be elucidated. Finally, 
there might be several sources of bias that could not be 
corrected despite our extensive statistical adjustment due 
to the study design (observational study).

CONCLUSION
The influence of early revascularisation on the prognosis 
was not different between SPECT- first and CT- first strate-
gies in a physician- referred fashion.
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