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Aims

Methods and
results

To assess the prognosis of patients with coronary heart disease (CHD) after first myocardial revascularisation procedure
in real-world practice and to compare the differences in outcomes of coronary artery bypass grafting (CABG) and
percutaneous coronary intervention (PCl) among diabetic and non-diabetic patients.

A database was compiled from the national hospital discharge register to collect data on all cardiac revascularisations
performed in Finland in 2000-2015. The outcomes (all-cause deaths, cardiovascular (CV) deaths, major CV events and
need for repeat revascularisation) after the first revascularisation were identified from the national registers at 28 day,
1 year, and 3 year time points.

A total of 139 242 first-time revascularisations (89493 PCl and 49 749 CABG) were performed during the study
period. Of all the revascularised patients, 24% had diabetes, and 76% were non-diabetic patients. At day 28, the risk
of fatal outcomes was lower after PCl than after CABG among non-diabetic patients, whereas no difference was seen
among diabetic patients. In long-term follow-up the situation was reversed with PCl showing higher risk compared with
CABG for most of the outcomes. In particular, at 3 year follow-up the risk of all-cause deaths was elevated among
diabetic patients [HR 1.30 (95% Cl 1.22-1.38) comparing PCl with CABG] more than among non-diabetic patients
[HR 1.09 (1.04-1.15)]. The same was true for CV deaths [HR 1.29 (1.20-1.38) among diabetic patients, and HR 1.03
(0.98-1.08) among non-diabetic patients].

Although PCl was associated with better 28 day prognosis, CABG seemed to produce better long-term prognosis
especially among diabetic patients.

Graphical Abstract

Keywords

Coronary heart disease ® Diabetes ® Coronary artery bypass surgery ® Percutaneous coronary
intervention ® Prognosis ® Survival

* Corresponding author. Fax: 029 450 5040; Email: hrleht@utu.fi

© The Author(s) 2021. Published by Oxford University Press on behalf of the European Society of Cardiology. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the
original work is properly cited.

€202 14y 0 uo Josn AyisiaAlun myn1 Aq | £299€9/269/9/8/2101HE/099blys/woo"dno-ojwapese//:sdny woly papeojumoq


https://doi.org/10.1093/ehjqcco/qcab065
https://orcid.org/0000-0001-7090-9701
https://orcid.org/0000-0001-8267-7143
https://orcid.org/0000-0002-8125-5499
https://orcid.org/0000-0001-7563-5324
mailto:hrleht@utu.fi
https://creativecommons.org/licenses/by/4.0/

Outcomes of diabetic patients after the first coronary revascularisation

693

Introduction

Globally, approximately 463 million adults are estimated to have di-
abetes. The prevalence of diabetes has been steadily increasing over
the past few decades, and the global prevalence has been projected
to further increase by 51% by the year 2045." The incidence of coro-
nary heart disease (CHD) is higher among patients with diabetes
than in the general population, and cardiovascular diseases (CVDs),
mainly CHD, are the most common cause of death among diabetic
patients.”™ Diabetes is known to cause more generalized, diffuse
atherosclerosis, and consequently, multivessel coronary artery dis-
ease (CAD) is detected more often among patients with diabetes
than in normoglycemic subjects.>>®

Survival after revascularisation is known to be worse for patients
with diabetes than in patients without diabetes.” Hence, the choice
of optimal revascularisation method for diabetic patients with CHD
has been debated over the past few decades, and numerous ran-
domized controlled trials (RCTs) have been carried out to compare
the outcomes of coronary artery bypass grafting (CABG) and per-
cutaneous coronary intervention (PCI).”" In diabetic patients with
multivessel CAD, CABG has been shown to associate with better
long-term survival compared to PCI with bare metal stents (BMSs)’
as well as with drug eluting stents (DESs)."®'* However, when an-
alyzing a composite outcome of death, myocardial infarction (M)
and stroke among diabetic patients with 1- or 2-vessel disease,’
or when analyzing individual components of a composite outcome
measure among diabetic patients with left main CAD or multivessel
disease,’ no long-term differences have been observed between
CABG and PCI. Furthermore, PCl has challenged CABG with its
wider availability and lower risk for stroke, and with the develop-
ment of DESs.'%"¢7 |n an RCT comparing CABG and PCl with a
newer generation everolimus-eluting stent, no difference was ob-
served in the composite outcome of death, Ml and stroke between
these methods among diabetic patients with low or intermediate
complexity left main CAD at 3 years.'®"?

The latest recommendation in the European clinical practice
guidelines is that in less complex, 1- to 2-vessel disease without
left anterior descending (LAD) coronary artery involvement, PCl
is recommended; whereas with LAD disease, both revascularisation
methods can be implemented. Further, in intermediate or high com-
plexity LAD and 3-vessel CAD, CABG is recommended for patients
with diabetes.??

The aforementioned RCTs provide rather clear evidence for
choosing the treatment strategies. However, due to the specific
inclusion criteria used in RCTs, the generalizability of their re-
sults into real-world practice can be limited. Furthermore, by us-
ing real-world data from the hospital discharge register (HDR),
we have previously shown that PCl was the more commonly
used revascularisation procedure among both diabetic and non-
diabetic patients.?’ Thus, the aim of this study was to compare
the prognosis among diabetic and non-diabetic patients with CHD
after the first revascularisation procedure, either CABG or PCI,
and to compare the differences in the short- and long-term out-
comes between the two revascularisation methods in real-world
practice.

Methods

Study design and data sources

We used the nationwide HDR to identify all patients who had their first
cardiac revascularisation carried out in Finland during the years 2000—
2015 (Supplementary Figure S1). The data on revascularisations has been
collected using electronic templates filled out by the treating physician
for every invasive cardiac procedure performed.

The HDR and Finnish Drug Reimbursement Register (DRR) were
used to identify diabetes and other pre-existing cardiovascular comor-
bidities. The outcomes were identified in the HDR and causes of death
register (CDR). Registration in these electronic health care registers is
mandatory by law, and these registers cover the whole country. They
have been described in detail in earlier publications.?!?2

The outcomes after the first revascularisation were evaluated at the
time points of 28 days, 1 year, and 3 years. If repeat revascularisations
were carried out within 28 days from the incident procedure, these pa-
tients were excluded from the 1 year and 3 year analyses regarding the
repeat revascularisations. Finally, we further analyzed all the other 1 and
3 year outcomes separately for those patients who had an event-free
28 day survival.

Definitions of revascularisation procedures
Information on the revascularisation procedures is recorded using codes
defined by the Nordic Medico-Statistical Committee (NOMESCO) from
1996 onwards. Coronary artery bypass grafting codes collected for the
study were FNA, FNB, FNC, FND, and FNE; and PCl codes FN1AT,
FN1BT, FN1YT, FNF, FNG, and TFN40 (for detailed description of the
NOMESCO codes, see Supplementary Table S1). If CABG followed PCI
within 7 days, then CABG was considered to be the first revascularisa-
tion overriding the PCl procedure. A procedure was defined urgent if it
was necessary to be performed as an emergency procedure or within
7 days after hospitalization. After that the procedure was considered
elective.

Definitions of diabetes and pre-existing
comorbidities

The diagnoses in the HDR are recorded according to the International
Classification of Diseases (ICDs) codes as defined in the Finnish version
of ICD-10 applied from 1996 onwards. To better capture the diabetic
patients and the comorbidities of all patients, we also used data on spe-
cial reimbursements from the Finnish DRR.

A patient was considered to have diabetes if she/he had either an
ICD-10 code E10 or E11 in the HDR, or was entitled to special reim-
bursements for hypoglycaemic medications in the DRR. A patient was
considered to have hypertension if she/he had an ICD-10 code 110-113
and 115 in the HDR or was entitled to special reimbursements for an-
tihypertensive medications; and to have chronic heart failure (CHF) if
she/he had the ICD-10 code 111 or 150 in the HDR, or was entitled
to special reimbursements for CHF medications. Previous Ml, CHD, or
cardiomyopathy were identified with ICD-10 codes 121123, 125, 142—
143, respectively, in the HDR. Valvular defects were recognized based
on the ICD-codes 105-08, 134—37, 139.0-139.4, and atrial fibrillation on
ICD-10 code 148. Previous strokes were identified with ICD-10 codes
161 and 163 (excluding codes 163.6, 164, and 160.0-160.9) and peripheral
artery disease (PAD) with the ICD-code 170.2. The used ICD-10 codes
are described in detail in Supplementary Table S2.
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Definitions for outcome events during
follow-up

To obtain data on fatal cases, causes of death were collected from the
CDR. A death was considered to be due to CVD if the cause of death
was determined by any of the following ICD-10 codes in the CDR: 20—
125, 161164, R96, or R98 (Supplementary Table S2).

For cause-specific outcomes, ACS were identified from electronic
health registers using the ICD-codes 120.0, 121, and 122 (Supplementary
Table S2). Stroke, CHF, and any CVD (either ACS, stroke, or CHF)
were identified from HDR using the same criteria as for the pre-
existing events. Repeat revascularizations were considered with the
same NOMESCO codes as defined above.

Statistical methods

The data were pooled from all first cardiac revascularisation procedures
performed between the years 2000 and 2015. Baseline variables were
summarized using descriptive statistics presented as means and standard
deviations (SDs). Comparisons of the baseline characteristics were per-
formed using Student’s t-test for continuous variables, and chi-square
test for categorical variables.

Kaplan—Meier curves and log-rank tests were used for comparing
event-free survivals after the first revascularisation procedure between
diabetic and non-diabetic patients. Similarly, event-free survivals among
diabetic patients were compared between those who had PCl and those
who had CABG as the revascularisation method. The same comparison
was repeated for non-diabetic patients. Cox proportional hazards re-
gression analyses were used for computing hazard ratios (HRs) of out-
come events comparing different revascularisation methods, i.e. PCl with
CABG. The multivariate model was adjusted for age, gender, year of pro-
cedure, region of residence, valvular defects, ACS/CHD/cardiomyopathy,
hypertension, stroke, atrial fibrillation, peripheral arterial disease, and
duration of diabetes. These analyses were carried out separately for
diabetic and non-diabetic patients. Schoenfeldt residuals were used to
ascertain validity of the proportional hazards assumption.

We considered P < 0.05 to be statistically significant for all analyses.
When appropriate, 95% confidence intervals (Cls) are presented. All
statistical analyses were carried out using R statistical software version
3.6.0 (R Core Team, 2019).

Results

Patient characteristics and overall
event-free survival

A total of 139242 patients were revascularised during the study
period. PCl was more common than CABG as a revascularisation
procedure both among patients with and without diabetes, in both
genders and all comorbidity subgroups (Table ). Altogether 49749
CABG (35.7% of total revascularisations) and 89493 PCl (64.3%)
procedures were performed. Among all revascularisations, men ac-
counted for a total of 99437 (71.4%) cases and women for 39805
(28.6%). Urgent procedures constituted 59224 (42.5%) of all revas-
cularisations. Of the revascularised patients, 33018 (23.7%) had di-
abetes, whereas 106224 (76.3%) did not. Coronary artery bypass
grafting constituted 39.1% of all revascularisations among patients
with diabetes and 34.7% among non-diabetic patients. Patients with
diabetes were slightly older compared to non-diabetic patients and
presented more often with a history of previous ACS and stroke,

and had a higher prevalence of CHF and hypertension than non-
diabetic patients (Table 1).

When examining the whole 3-year period after the first revas-
cularisation procedure using Kaplan—Meier curves, patients with
diabetes had lower event-free survival compared to non-diabetic
patients when the data from both CABG and PCl were pooled
(Figure 1A). When comparing the two revascularisation methods
over the whole 3 year period for all outcome events, event-free sur-
vival of patients treated with CABG was better than those treated
with PCl in both diabetic and non-diabetic patients (Figure 18, C).

Short-term outcomes

The numbers of different outcome events at 28 days among diabetic
and non-diabetic patients grouped by CABG and PCl are shown in
detail in Table 2. In multivariate adjusted analyses, non-diabetic pa-
tients treated with PCl had lower risk of all-cause deaths and CVD
deaths when compared to patients treated with CABG, whereas
no significant differences were observed between the two revas-
cularisation methods among patients with diabetes. Both among
patients with diabetes and non-diabetic patients, PCl was asso-
ciated with lower risk for all other outcome events when com-
pared to CABG except for repeat revascularisation procedures,
where CABG was associated with lower risk in both patient groups
(Table 3).

Fatal long-term outcome events

A total of 7750 and 14 113 all-cause deaths were observed at 1 year
and 3 year time points, respectively (Table 2). The fatal long-term
outcomes after CABG and PCl differed between the diabetic and
non-diabetic groups. When evaluated at the time point of 1 year,
PCl was associated with higher risk for all-cause deaths than CABG
among diabetic patients, whereas no difference was observed be-
tween the revascularisation methods among non-diabetic patients
(Table 3). At the 3 year time point, however, PCl was associated
with higher risk for all-cause deaths than CABG in both diabetic and
non-diabetic patients. Moreover, the excess risk in the PCl group
was even higher among diabetic patients than among non-diabetic
patients (Table 3). Correspondingly, there were differences in the
long-term incidence of cardiovascular death by diabetes status. At
the 1 year time point, non-diabetic patients treated with PCI had
lower risk of CVD death than those treated with CABG. However,
at the 3 year time point, there were no longer significant differ-
ences between PCl and CABG among the non-diabetic patients.
Conversely, patients with diabetes treated with CABG had lower
risk of CVD death than those treated with PCI at both the 1 year
and 3 year time points (Table 3).

We analysed further the fatal long-term outcomes for those
subjects, who had remained event-free for 28 days following the
first revascularisation procedure. Altogether, 31657 (95.9%) diabetic
patients and 103229 (97.2%) non-diabetic patients had an event-
free 28 day survival. Among these patients, CABG was associated
with lower risk for all-cause and cardiovascular death when com-
pared to PCl both at 1 year and 3 year time points in diabetic
as well as in and non-diabetic patients. At the 3 year time point,
the risk of CVD death after PCl when compared to CABG was
more elevated in patients with diabetes than in non-diabetic patients
(Table 4).
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Table | Patient characteristics at the study baseline

Women
Urgent procedure
Previous Ml
Previous stroke
CHF
Hypertension
ACS/CHD/Cardiomyopathy
AF
Valvular deficiency
PAD
Duration of diabetes
CABG
N
Age
Women
Urgent procedure
Previous Ml
Previous stroke
CHF
Hypertension
ACS/CHD/Cardiomyopathy
AF
Valvular deficiency
PAD
Duration of diabetes
PCI
N
Age
Women
Urgent procedure
Previous Ml
Previous stroke
CHF
Hypertension
ACS/CHD/Cardiomyopathy
AF
Valvular deficiency
PAD
Duration of diabetes

68.2 (10.1)
10647 (32.2)
13591 (412)

9603 (29.1)

3044 (9.2)
19858 (60.1)
17038 (51.6)
26943 (81.6)

4050 (12.3)

2661 (8.1)

2932 (8.9)

7.8 (6.0)

12900
67.6 (9.1)
3638 (2822)
3763 (29.2)
4593 (35.6)
1183 (9.2)
6891 (534)
6279 (48.7)
9727 (75.4)
1351 (10.5)
1732 (134)
1232 (9.6)
7.4 (5.6)

20118
68.6 (10.7)
7009 (34.8)
9828 (48.9)
5010 (24.9)

1861 (9.3)
12967 (64.5)
10759 (53.5)
17216 (85.6)

2699 (134)
938 (4.7)

1700 (8.5)
8.0 (6.2)

Non-diabetic P
106224
66.4 (11.0) <0.0001
29158 (27.4) <0.0001
45633 (43.0) <0.0001
22714 (214) <0.0001
5496 (5.2) <0.0001
61588 (58.0) <0.0001
32679 (30.8) <0.0001
83936 (79.0) <0.0001
9078 (8.5) <0.0001
7584 (7.1) <0.0001
3659 (34) <0.0001
N/A N/A
36849
67.2 (9.6) 0.0003
8675 (23.5) <0.0001
10271 (27.9) <0.0001
11121 (30.2) <0.0001
2164 (5.9) <0.0001
16887 (45.8) <0.0001
11044 (30.0) <0.0001
25536 (69.3) <0.0001
3084 (84) <0.0001
5289 (14.4) 0.0050
1549 (4.2) <0.0001
N/A N/A
69375
65.9 (11.6) <0.0001
20483 (29.5) <0.0001
35362 (51.0) <0.0001
11593 (16.7) <0.0001
3332 (4.8) <0.0001
44701 (64.4) <0.0001
21635 (31.2) <0.0001
58400 (84.2) <0.0001
5994 (8.6) <0.0001
2295 (33) <0.0001
2110 (3.0) <0.0001
N/A N/A

Numbers are mean (+£sd) for age and duration of diabetes in years, n (%) for other variables. AF, atrial fibrillation; ACS, acute coronary syndrome; CABG, coronary artery
bypass surgery; CHD, coronary heart disease; CHF, chronic heart failure; DM, diabetes mellitus (including both type | and Il); MI, myocardial infarction; PAD, peripheral artery
diseases; PCl, percutaneous coronary intervention. Procedure was considered urgent if performed during 7 days after hospitalization. Groups were compared using t-test for

continuous variables and chi-square test for categorical variables.

* Statistically significant at p<0.05.

Cause specific long-term outcome

events

When evaluating the risk for other outcome events, including non-

fatal outcomes, at 1 and 3 year time points from the revascularisa-

tion, the risk for CHF and any CVD event was significantly lower af-

ter CABG than PCl in both diabetic and non-diabetic patients. There
were no differences in these risks between the diabetic and non-
diabetic patients (Table 3). Similarly, repeat revascularisation proce-
dures were significantly less frequent after CABG than after PCl in
both patient groups at the 1 year and 3 year time points. On the
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(A) All patients

(B) Patients with diabetes

(C) Non-diabetic patients
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Figure | Kaplan—Meier estimates of cumulative incidences of composite outcome event of all-cause death, any cardiovascular event, and repeat
revascularisation procedures. The cumulative incidences among (A) diabetic and non-diabetic patients for all revascularisation procedures, and in
(B) diabetic patients and (C) non-diabetic patients for coronary artery bypass grafting and percutaneous coronary intervention separately. P-values

are for log-rank tests, statistically significant if P < 0.05.

other hand, the risk for stroke was significantly lower after PCl com-
pared to CABG in non-diabetic patients at both 1 and 3 year time
points; whereas among patients with diabetes, no differences were
observed in the long-term stroke risk between the revascularisation
methods in neither of these time points (Table 3). Regarding the risk
for ACS at the 1 year time point, CABG was associated with lower
risk for ACS than PCl among diabetic patients, whereas no differ-
ence was observed in non-diabetic patients (Table 3). However, at 3
years, the risk for ACS was lower after CABG when compared to
PCl among both patient groups (Table 3).

When we analyzed patients with event-free survival for the first
28 days at the 1 year and 3 year time points, we observed lower
risk of ACS, heart failure, and any CVD event after CABG than PCI
among both diabetic and non-diabetic patients (Table 4).

Discussion

Our large register-based study reflecting real-world clinical practice
showed that the long-term prognosis was better with CABG than
with PCl in both non-diabetic and diabetic patients. At the 3 year
time point, CABG was associated with lower risk for all-cause death
compared to PCl in both non-diabetic and diabetic patients. Coro-
nary artery bypass grafting was also associated with lower long-term
risk for CVD death among patients with diabetes at 3 years. As for
non-diabetic patients in regard to the fatal CVD outcomes, CABG
was associated with better prognosis than PCl at 3 years among
those individuals, who had remained event-free for the first 28 days.
Importantly, the better prognosis after CABG than after PCI re-
garding these long-term fatal CVD outcomes was even more evi-
dent among diabetic patients than among non-diabetic patients. For

those patients who had remained event free for the first 28 days
after revascularisation, CABG was associated with lower risk for
CHF and all cardiovascular events, except for stroke among patients
with diabetes, when compared to PCI. Regarding all fatal outcomes,
the short-term prognosis at 28 days was better after PCl than after
CABG in non-diabetic patients, whereas no difference was observed
between the methods among patients with diabetes. However, the
short-term prognosis was better after PCI than CABG for all other
cause-specific outcomes in both patient groups except for the need
of repeat revascularisations.

The better long-term outcomes after CABG compared to PCl in
our study are in line with another observational study (ASCERT),
which reported an adjusted 4 year mortality of 16.4% for CABG
and of 20.8% for PCI with first-generation DESs among patients
aged 65 or older, and an adjusted risk ratio favoring CABG both
in non-diabetic and diabetic patients.> Our real-life results on non-
selected patients are also consistent with the findings on diabetic
patients with multivessel disease in original RCT studies”"" and
pooled analyses of RCT studies.’® FREEDOM trial, the first large
RCT on revascularisation methods for diabetic patients published in
2012, compared PCI with DESs and CABG among diabetic patients
with stable-ischemic multivessel CHD. This study showed that in a
3.8-year follow-up, CABG was superior to PCI, with all-cause mor-
tality among patients with CABG being 10.9% compared to 16.3%
in patients with PCl (P = 0.049).'° These results were further con-
firmed after 7.5 years of follow-up, where all-cause mortality af-
ter CABG was 18.3% compared to 24.3% after PCI (P = 0.01)."
Better long-term survival after CABG compared to PCl was con-
firmed also by a pooled analysis in a systematic review (powered
to detect all-cause mortality), which reported a 10.0% all-cause
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Table 2 Crude incident outcome event numbers and percentages after revascularization at the baseline in
diabetic (PCl n = 20118; CABG n = 12900; total n = 33 018) and non-diabetic (PCl n = 69375; CABG n = 36 849;
total n = 106 224) patients grouped by revascularisation procedure in the time points of 28 days, 1 year and

3 years?

All-cause deaths

Non-diabetic 1534 (2.2%) 1023 (2.8%) 2557 (2.4%) 3253 (4.7%) 1808 (4.9%) 5061 (4.8%) 6052 (8.7%) 3072 (8.3%) 9124 (8.6%)

Diabetic 736 (3.7%) 462 (3.6%) 1198 (3.6%) 1764 (8.8%) 925 (7.2%) 2689 (8.1%) 3373 (16.8%) 1616 (12.5%) 4989 (15.1%)
Cardiovascular deaths

Non-diabetic 1487 (21%) 991 (2.7%) 2478 (2.3%) 2849 (4.1%) 1655 (4.5%) 4504 (4.2%) 4847 (7.0%) 2570 (7.0%) 7417 (7.0%)

DM 712 (3.5%) 446 (3.5%) 1158 (3.5%) 1588 (7.9%) 845 (6.6%) 2433 (7.4%) 2850 (14.2%) 1369 (10.6%) 4219 (12.8%)
Acute coronary syndrome

Non-diabetic 126 (0.3%) 183 (0.5%) 309 (0.3%) 979 (1.4%) 580 (1.6%) 1559 (1.5%) 1913 (2.8%) 976 (2.6%) 2889 (2.7%)

Diabetic 58 (0.3%) 84 (0.7%) 142 (0.4%) 494 (2.5%) 252 (2.0%) 746 (2.3%) 1006 (5.0%) 494 (3.8%) 1500 (4.5%)
Stroke

Non-diabetic 15 (0.02%) 48 (0.1%) 63 (0.1%) 518 (0.7%) 418 (1.1%) 936 (0.9%) 1376 (2.0%) 954 (2.6%) 2330 (2.2%)

Diabetic 6 (0.03%) 18(0.1%) 24 (0.1%) 231 (1.1%) 183 (1.4%) 414 (1.3%) 597 (3.0%) 414 (3.2%) 1011 (3.1%)
Any CVDP

Non-diabetic 172 (0.2%) 212 (0.6%) 384 (0.4%) 1176 (1.7%) 809 (2.2%) 1985 (1.9%) 2290 (3.3%) 1442 (3.9%) 3732 (3.5%)

Diabetic 66 (0.3%) 89 (0.7%) 155 (0.5%) 490 (24%) 340 (2.6%) 830 (2.5%) 1020 (5.1%) 627 (4.9%) 1647 (5.0%)
Heart failure

Non-diabetic 188 (0.3%) 221 (0.6%) 409 (0.4%) 1101 (1.6%) 701 (1.9%) 1802 (1.7%) 2055 (3.0%) 1127 (3.1%) 3182 (3.0%)

Diabetic 71 (04%) 102 (0.8%) 173 (0.5%) 497 (2.5%) 306 (2.4%) 803 (24%) 983 (4.9%) 537 (4.2%) 1520 (4.6%)
Repeat revascularisation

Non-diabetic 104 (0.1%) 20 (0.1%) 124 (0.1%) 4755 (6.9%) 173 (0.5%) 4928 (4.6%) 6863 (9.9%) 289 (0.8%) 7152 (6.7%)

Diabetic 41 (0.2%) 6 (0.05%) 47 (0.1%) 1687 (84%) 80 (0.6%) 1767 (5.4%) 2537 (12.6%) 133 (1.0%) 2670 (8.1%)

2All-cause mortality and cardiovascular mortality are without exclusions. For the other outcomes, persons with the same event prior to baseline have been excluded from the
analyses. CABG, coronary artery bypass surgery; CVD, cardiovascular disease event; Diabetic patients (including both type | and Il); PCI, percutaneous coronary intervention.
®Any CVD defined as an incident event of any of the following: ACS, stroke, or heart failure (excluding cases with any prevalent CVD, either ACS, stroke, or heart failure,

before baseline).

mortality after a 5 year follow-up among diabetic patients with mul-
tivessel disease treated with CABG compared to 15.5% in patients
treated with PCl (with either BMS or DES). In contrast to our re-
sults, this pooled analysis did not find differences in all-cause mor-
tality among non-diabetic patients.'®

Interestingly, we found no differences in the risk for fatal all-cause
and CVD deaths in 28 days between the revascularisation meth-
ods among diabetic patients, whereas non-diabetic patients who
underwent PCl had better short-term prognosis when compared
to CABG. Similar to our results, the FREEDOM study10 showed
no differences in the short-term CVD mortality between PCl and
CABG in diabetic patients. However, on the contrary to the results
in the FREEDOM study, we showed better short-term prognosis
regarding the risk for ACS and stroke after PCl when compared
to CABG, both in diabetic and non-diabetic patients; whereas the
FREEDOM study'® showed no differences in the risk for major car-
diovascular and cerebrovascular events. This discrepancy may be ex-
plained by differences in patient selection in real-world clinical prac-
tice when compared to RCTs. In observational studies, differences
have been observed in the characteristics of the patients about to
undergo either CABG or PCl. On average, patients treated with
PCl have been shown to be older and more often women, whereas

patients selected for CABG have more often generalized and 2-3
vessel disease.??

However, for the long-term prognosis, it may be that patient se-
lection does not fully explain the outcome differences: Tam et al.*
examined outcomes after CABG and PCl using clinical and adminis-
trative databases in Canada, and performed a 1:1 propensity score
matching of 23 baseline characteristics for 4301 pairs of patients
with diabetes and 2-3 vessel CHD. After matching for comorbidi-
ties, CABG was associated with lower mortality and lower risk for
major adverse cardiac and cardiovascular events (MACCEs) when
compared to PCl in 8 year follow-up.2* In addition, different mecha-
nism of achieving the revascularisation has been suggested to explain
the superiority of CABG over PCl. Namely, CABG may provide ad-
ditional protection from those lesions that are non-flow limiting at
the time of the procedure, and thus not treated with PCI but by-
passed with CABG and resulting in a wider area with collateral circu-
lation for CABG compared to PCI.% It could also be speculated that
differences in the long-term outcomes between revascularisation
methods could arise from differences in secondary prevention after
revascularisation. However, evidence suggests that the differences
herein would be in favor of PCl, and thus, not explaining the differ-
ences in the outcomes. In the FREEDOM study, controlled optimal
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Table 3 Hazard ratios (PCI vs. CABG) for revascularised diabetic and non-diabetic patients for the outcome

events in the time points of 28 days, 1 year, and 3 years?

28 days
HR (95% CI)® P*

All-cause deaths

Non-diabetic 0.75 (0.69-0.81) <0.001

DM 0.89 (0.78-1.00) 0.059
Cardiovascular deaths

Non-diabetic 0.74 (0.68-0.81) <0.001

DM 0.90 (0.79-1.02) 0.086
Acute coronary syndrome

Non-diabetic 0.33 (0.26-0.42) <0.001

DM 0.39 (0.27-0.56) <0.001
Stroke

Non-diabetic 0.19 (0.10-0.35) <0.001

DM 0.20 (0.08-0.52) 0.001
Any CVD

Non-diabetic 0.63 (0.51-0.78) <0.001

DM 0.60 (0.43-0.84) 0.003
Chronic heart failure

Non-diabetic 0.66 (0.54-0.82) <0.001

DM 0.56 (0.41-0.77) <0.001
Repeat revascularisation®

Non-diabetic 2.36 (1.44-3.89) 0.001

DM 4.47 (1.85-10.77) 0.001

1 year 3 year
HR (95% CI)® P* HR (95% CI)® P*
0.94 (0.88-1.00) 0.050 1.09 (1.04-1.15) <0.001
1.11 (1.02-1.20) 0.018 130 (1.22-1.38) <0.001
0.89 (0.83-0.95) <0.001 1.03 (0.98-1.08) 0.260
1.10 (1.00-1.20) 0.041 1.29 (1.20-1.38) <0.001
0.99 (0.88-1.11) 0.825 121 (1.11-132) <0.001
1.27 (1.08-1.50) 0.004 1.36 (1.21-1.53) <0.001
0.71 (0.62-0.82) <0.001 0.86 (0.78-0.94) 0.001
0.84 (0.69-1.03) 0.103 1.00 (0.88-1.14) 0.980
1.27 (1.15-1.40) <0.001 145 (1.35-1.56) <0.001
1.30 (1.12-1.51) <0.001 1.51 (1.36-1.68) <0.001
1.30 (1.18-1.44) <0.001 1.67 (1.54-1.80) <0.001
1.35 (1.16-1.56) <0.001 1.71 (1.53-1.91) <0.001
15.32 (13.14-17.86) <0.001 13.91 (12.34-15.68) <0.001
14.27 (11.38-17.91) <0.001 13.50 (11.32-16.11) <0.001

2Qutcome events were all-cause deaths, cardiovascular deaths, acute coronary syndromes (ACSs), stroke, any cardiovascular event (CVD), chronic heart failure (CHF),
re-operation either CABG (coronary artery bypass surgery) or new PCl (percutaneous coronary intervention). All-cause mortality and cardiovascular mortality are without
exclusions. For the other outcomes, persons with the same event prior to baseline have been excluded from the analyses.

5Numbers are hazard ratios (HRs) with 95% confidence intervals (Cls) shown in parentheses. The HR model includes adjustments for age, gender, year of procedure, region
of residence, valvular defects, ACS/CHD/cardiomyopathy, hypertension, previous stroke, atrial fibrillation, peripheral arterial disease, and duration of diabetes.

“Repeat revascularisations during the 28 days period were excluded from the analysis of the repeat revascularisations at 1 and 3 year time points.

DM: diabetes mellitus (including both type | and Il).
*P-values significant at the level of P < 0.05.

medical treatment was provided after both PCl and CABG."° In ad-
dition, observational studies have shown that patients who had un-
dergone CABG filled fewer prescriptions for statins, ACE inhibitors,
and ARB blockers compared to those patients for whom PCI was
performed.?® Moreover, compliance with guideline-directed medi-
cal therapy after revascularisation has been shown to be worse af-
ter CABG than PCl in clinical trials.?” Further studies are needed to
clarify whether these findings apply also to revascularised patients
with diabetes.

Some criticism has also been raised against the outcome measures
used in revascularisation trials. A recently published meta-analysis
concluded that PCl was associated with higher all-cause, cardiac, and
non-cardiac mortality when compared to CABG at 5 years.?® Due
to the higher non-cardiac mortality with PCI, the authors suggested
that all-cause mortality should be used as the primary end point for
revascularisation trials in CHD. Our overall results of the lower all-
cause long-term mortality after CABG when compared to PCl are
in line with the meta-analysis by Gaudino et al.?®

In our previous study, we have shown that only approximately
27% of diabetic patients and 22% of non-diabetic patients in Fin-
land in 2012-2015 had received CABG as their first revascularisa-

tion procedure.?! This may imply that some of the patients eligible
for CABG might have received PCl instead. Since, as shown in this
study, the long-term prognosis seems to be better after CABG espe-
cially for patients with diabetes; a balanced evaluation of the optimal
revascularisation strategy for an individual patient, performed by a
multidisciplinary heart team, would be vital for achieving the best
individual outcome.?°

Strengths and limitations

The major strength in our study is that due to the mandatory doc-
umentation protocols, the Finnish HDR covers all hospitalisations
and nearly all revascularisations in Finland including the follow-up.?’
We were also able to identify all known diabetic patients by using
the HDR and DRR. With these registers we identified the important
comorbidities.

We also acknowledge limitations in our study. Firstly, we did not
have access to individual patient data depicting the clinical charac-
teristics and detailed clinical situation leading to revascularisation or
concurrent medications, nor data on the extent of the coronary
atherosclerosis. We had neither access to the data on the types of
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Table 4 Hazard ratios, PCl vs. CABG, for the outcome events? in the time points of 1 year and 3 years among
revascularised diabetic and non-diabetic patients with event-free survival for the first 28 days

All-cause deaths

Non-diabetic 122 (1.11-1.33)

DM 1.33 (1.18-1.49)
Cardiovascular deaths

Non-diabetic 1.13 (1.02-1.25)

DM 1.32 (1.17-1.50)
Acute coronary syndrome

Non-diabetic 1.34 (1.17-1.53)

DM 1.72 (1.42-2.08)
Stroke

Non-diabetic 0.78 (0.68-0.90)

DM 0.92 (0.74-1.14)
Any CVD

Non-diabetic 1.51 (1.36-1.69)

DM 1.58 (1.34-1.87)
Chronic heart failure

Non-diabetic 1.73 (1.53-1.94)

DM 1.96 (1.64-2.34)

3-year
P* HR (95% CI)® P*
<0.001 1.29 (1.22-137) <0.001
<0.001 1.47 (1.37-1.58) <0.001
0.018 124 (1.16-1.32) <0.001
<0.001 148 (1.37-1.61) <0.001
<0.001 1.45 (1.32-1.59) <0.001
<0.001 1.56 (1.38-1.77) <0.001
0.001 0.89 (0.81-0.98) 0.013
0432 1.04 (0.91-1.19) 0.606
<0.001 1.61 (1.49-1.73) <0.001
<0.001 1.68 (1.50-1.88) <0.001
<0.001 1.94 (1.78-2.11) <0.001
<0.001 2.00 (1.77-2.26) <0.001

2Qutcome events were all-cause deaths, cardiovascular deaths, acute coronary syndromes (ACSs), stroke, any cardiovascular event (CVD), and chronic heart failure (CHF).
All-cause mortality and cardiovascular mortality are without exclusions. For the other outcomes, persons with the same event prior to baseline have been excluded from the

analyses.

®Numbers are hazard ratios (HRs) with 95% confidence intervals (Cls) shown in parentheses. The HR model includes adjustments for age, gender, year of procedure, region
of residence, valvular defects, ACS/CHD/cardiomyopathy, hypertension, previous stroke, atrial fibrillation, peripheral arterial disease, and duration of diabetes.

*P-values significant at the level of P < 0.05.
DM, diabetes mellitus (including both type | and II).

the stents used in PCl nor on the detailed descriptions of the bypass
technique in CABG.

Conclusions

Although PCl was associated with better or non-different short-
term prognosis, CABG was associated with better long-term prog-
nosis especially among patients with diabetes at the 3 year time
point. Our results provide further support to earlier findings sug-
gesting better long-term prognosis after CABG than after PCl in
diabetic patients. However, further randomized trials are warranted
to determine in more detail the clinical characteristics that influence
the choice of the revascularization method in diabetic individuals.

Supplementary material

Supplementary material is available at European Heart

Journal—Quality of Care and Clinical Outcomes online.
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