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Introduction

Diabetes mellitus and prediabetes affected 10% and 34% 
of the United States population in 2015 respectively and is 
the seventh leading cause of death in the US.1 Diabetes is 
strongly associated with greater atherosclerotic burden, 
quicker coronary disease progression, and worse coronary 
outcomes with or without treatment.2

Management of stable CAD in diabetes involves 
medical management of risk factors and in certain cases, 
utilization of interventional strategies. Interventional 
approaches include percutaneous coronary intervention 
(PCI) and coronary artery bypass grafting (CABG), with 
CABG historically having superior outcomes. Current 
evidence and guidelines lag behind rapid evolution in 
PCI technology and evaluating these new systems is 
bound to change future treatment paradigms. The aim of 
this review is to (a) enlist important clinical trials 

comparing CABG to PCI and comparing different stent 
types in diabetes, (b) discuss the strengths and weak-
nesses of the different coronary interventions, and (c) 
outline the latest technological advances paving the way 
for improved interventional outcomes.
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Abstract
Purpose of Study: Diabetes mellitus accelerates the development of atherosclerosis. Patients with diabetes mellitus 
have higher incidence and mortality rates from cardiovascular disease and undergo a disproportionately higher number 
of coronary interventions compared to the general population. Proper selection of treatment modalities is thus 
paramount. Treatment strategies include medical management and interventional approaches including coronary artery 
bypass graft (CABG) surgery and percutaneous coronary interventions (PCI). The purpose of this review is to assimilate 
emerging evidence comparing CABG to PCI in patients with diabetes and present an outlook on the latest advances in 
percutaneous interventions, in addition to the optimal medical therapies in patients with diabetes.
Key Methods: A systematic search of PubMed, Web of Science and EMBASE was performed to  identify prospective, 
randomized trials comparing outcomes of CABG and PCI, and also PCI with different generations of stents used in 
patients with diabetes. Additional review of bibliography of selected studies was also performed.
Main Conclusions: Most of the trials discussed above demonstrate a survival advantage of CABG over PCI in patients 
with diabetes. However, recent advances in PCI technology are starting to challenge this narrative. Superior stent 
designs, use of specific drug-eluting stents, image-guided stent deployment, and the use of contemporary antiplatelet and 
lipid-lowering therapies are continuing to improve the PCI outcomes. Prospective data for  such emerging interventional 
technologies in diabetes is however lacking currently and is the need of the hour.
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Section I. Accelerated coronary 
artery disease in diabetes mellitus

The pathophysiologic milieu in diabetes accords a high 
risk of atherosclerosis3 and leads to complex coronary 
lesions with multi-segment, multivessel involvement.4 
Atherosclerotic plaques in diabetes have a greater predi-
lection for ulceration.5 Left anterior descending (LAD) 
artery is more severely affected and collateral vessel net-
work is poorly developed6- anatomical variants at greater 
risk of poorer outcomes.

Hyperglycemia leads to the formation of advanced gly-
cosylation end products (AGEs),7 which modify cell sur-
face proteins and lipids, causing signaling abnormalities, 
excessive oxidative stress, and reduce vessel wall compli-
ance. Diabetes promotes protein kinase C (PKC) activa-
tion and di-acyl glycerol (DAG) production. PKC/DAG 
accelerates atherosclerosis by promoting inflammation 
and smooth muscle cell recruitment.8 PKC activation also 
decreases endothelial nitric oxide (NO) production by 
inhibition of endothelial NO synthase (eNOS) and 

increases endothelin production, thus inhibiting vasodila-
tion and increasing oxidative stresses.9

Diabetes mellitus promotes vascular inflammation by 
enhancing the expression of pro-inflammatory genes like 
nuclear factor-kB (NF-kB), which drives leukocyte and 
smooth muscle recruitment and increases macrophage 
lipid uptake. Diabetes accelerates vascular remodeling by 
activating matrix metalloproteinases (MMP-1 and 2), 
leading to vulnerable plaque physiology and heightens the 
risk of thrombosis and rupture.
Diabetes coexists with obesity and hypertension as part of 
the metabolic syndrome, both of which increase the risk of 
CAD. Lipid metabolism is altered in diabetes.10 
Hypertriglyceridemia is the most common dyslipidemia 
associated with diabetes and exerts atherogenic effects 
indirectly through the metabolism of triglyceride-rich lipo-
protein (TGRL). Smaller low-density lipoprotein choles-
terol (LDL-C) particles in diabetes are more readily 
oxidized, which amplifies their atherosclerotic potential 
by permitting easier vessel wall uptake.11 Protective lipid 
components like high-density lipoprotein cholesterol 

Figure 1. Risk factors for coronary artery disease in diabetes. Progression of coronary artery disease is hastened in diabetes due 
to rapid atherosclerosis, impaired vessel wall reactivity, elevated circulating lipid levels, and thrombogenic platelet profile.
AGE: advanced glycosylation end products; HDL: high density lipoprotein; LDL: low density lipoprotein; MMP: matrix metalloproteinase; NO: nitric 
oxide; PGI2: prostaglandin I2; TG: triglycerides; TxA2: thromboxane A2.
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(HDL-C) and apolipoprotein A1 have diminished levels in 
diabetes.12

Diabetes mellitus enhances platelet activity13,14 (Figure 1 
for the conceptual framework). Hyperglycemia promotes 
the expression of thromboxane (TxA2), p-Glycoprotein, 
and von-Willebrand Factor (vWF) - activators of platelet 
adhesion and activity.15,16 Diabetes impairs platelet respon-
siveness to NO and prostaglandin I2 (PGI2)

17-agents sup-
pressing platelet activation. Diabetes modifies platelet 
receptor profile, decreasing anti-platelet drug effectiveness.

Intravascular imaging and histopathology have demon-
strated decreased thickness of fibrous cap, higher lipid, cal-
cium, and inflammatory burden in atherosclerotic plaques in 
patients with diabetes,18 histological variants that portend a 
higher risk of adverse event occurrence in these plaques.19

Section II: Treatment approaches 
in stable coronary artery disease in 
diabetes mellitus

Optimal medical therapy (OMT) is the cornerstone of sta-
ble CAD management. Guideline based medical therapeu-
tics have demonstrated similar outcomes compared to 
interventional strategies in many large scale trials includ-
ing COURAGE,20 and ISCHEMIA21 trials. OMT is also 
the initial therapy for CAD in diabetes. BARI-2D22 and 
sub-analysis of the COURAGE trial showed no significant 
benefit of adding interventions over OMT (except for 
decrease in cardiovascular events in the CABG + OMT 
cohort in BARI-2D). Current anti-diabetic armamentarium 
includes sodium-glucose transporter-2 (SGLT-2) inhibitors 
and glucagon-like peptide (GLP)-1 agonists, which pro-
vide significant improvement in combined cardiovascular 
outcomes in patients with diabetes.23–25

Anti-platelet therapy is another core component of 
CAD management and efficacy of antiplatelet agents in 

diabetes differ compared to patients without diabetes, 
necessitating careful selection of drugs. Optimal manage-
ment of hyperlipidemia and hypertension is essential in 
decreasing the risk of cardiovascular events in diabetes 
mellitus, especially post PCI.26

Procedural interventions for the treatment of CAD in 
diabetes is only recommended in particular situations 
(Table 1). A comprehensive assessment of coronary disease 
in diabetes using non-invasive testing is required to define 
risk and support interventional decision making. This can 
occur in the form of either dynamic (radionuclide, electro-
cardiography, echocardiography-based stress testing) or 
anatomic assessment (coronary computed tomography 
angiography [CCTA]).27 Appropriate selection of patients 
and procedures is dependent on testing results and targeted 
outcomes. Our review will be focused on discussing aspects 
of interventional management in diabetes mellitus that can 
be utilized after proper clinical assessment.

Conventional approaches of revascularization

Patients with diabetes mellitus comprise one-third of all per-
formed percutaneous interventions.31 Rates of incomplete 
revascularizations and complications from these procedures 
are much higher in patients with diabetes compared to the 
general population.32,33 There are two main interventional 
approaches for the treatment of CAD and their outcomes 
have varied over the years, largely depending on varying 
clinical factors and technological advances (Figure 2).

Coronary artery bypass grafting (CABG) involves the 
surgical transposition of autologous arteries/veins to 
bypass coronary artery blockages, providing coronary 
flow to the downstream myocardium.

Percutaneous coronary intervention (PCI) is the mini-
mally invasive approach, which uses ballooning/stenting 
to open occluded coronary lesions. Early percutaneous 
interventions consisted of balloon dilation angioplasty. 
PCI currently involves stenting of the culprit lesions, 
which prevents vessel recoil and promises long term 
patency.

Comparative evidence of PCI and CABG 
diabetes

Early comparisons assessed CABG and PCI with balloon 
angioplasty. The diabetic cohort in CABRI trial (1994) 
(n = 125) had a statistically non-significant higher all-cause 
mortality rate in patients undergoing angioplasty.34 The 
diabetic sub-group in BARI trial (1996) demonstrated sig-
nificantly better 5-year survival rates in CABG (80.3%) 
group compared to the balloon angioplasty group (60.5%) 
(p = 0.003) and continued benefit of CABG even after 
7 years.35

Tables 2 to 4 summarize important trials comparing 
outcomes of CABG and PCI with BMS/1st/2nd generation 

Table 1. Indications of utilization of PCI or CABG in the 
treatment of stable coronary artery disease in diabetes.28–30

Indications of coronary intervention treatment in diabetes 
mellitus

• Acute coronary syndromes
• Anginal symptoms refractory to medical anginal therapy
• Large area of ischemia on cardiac functional testing
•  Severe multi-vessel disease-causing cardiac dysfunction or 

severe anginal symptoms
•  Severe left main or left anterior descending coronary artery 

disease

Optimal medical therapy is the initial line of management of stable 
CAD in diabetes and includes anti-diabetic drugs like SGLT-2 
inhibitors/GLP-1 analogs, statins, anti-hypertensives, and antiplatelet 
agents.
CABG: coronary artery bypass graft; CAD: coronary artery disease; 
GLP: glucagon-like peptide; PCI: percutaneous coronary interventions; 
SGLT: sodium-glucose co-transporter.
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drug-eluting stents (DES) and outcomes of BMS/1st gen-
eration compared to second generation DES, in patients 
with diabetes. Many of these studies are a subgroup analy-
sis of the diabetic cohort of the main study population- 
thus decreasing their power.

Section III. CABG now and PCI for 
the future?

Superior cardiovascular outcomes of CABG over PCI in 
diabetes are primarily powered by higher rates of complete 
revascularization and preservation of natural endothelial 
responses in CABG, in comparison to maladaptive 
endothelial pathophysiology in a stented vessel.50 This 
advantage is important in diabetes due to the severity of 
atherosclerosis noted in diabetes.

CABG introduces an “endogenous stent,” which 
bypasses multiple stenosed areas, leading to more com-
plete revascularization and greater protection against 
future thrombosis, compared to stents, which revascular-
ize single lesions. Autologous vessels are less immuno-
genic and thrombogenic than stents and provide a more 
physiologic milieu. Saphenous venous grafts (SVG) were 
initially used and are being increasingly replaced by arte-
rial conduits due to higher rates of long-term venous graft 
failure from vessel remodeling.51,52 Data from Coronary 
Artery Surgery Study (CASS) and other large-scale trials 
have demonstrated better long-term patency of arterial 

over venous grafts.53–55 Internal mammary arterial (IMA) 
grafts, in particular, have preserved endothelial functions 
like vasodilation and have higher flow reserve (due to 
higher compliance).56 Noncompliance with anti-platelet 
therapy is not lethal in CABG, as it can be in PCI.

Restenosis and thrombosis are the primary pathogenic 
mechanisms involved in poorer outcomes in PCI treated 
vessels and these are intensified in diabetes. Restenosis 
involves narrowing of the stented sites due to fibro-inflam-
matory deposition, starting as an initial thrombogenic 
reaction, followed by migration of inflammatory cells and 
finally intimal hyperplasia and remodeling.57 Stents are 
foreign bodies and thus more thrombogenic, which trans-
late into increased risk of early (<1-month) or late 
(1-month–1-year) in-stent thrombosis.58 Delayed healing 
and impaired endothelialization of the stented area play a 
role in this process.59 Multivessel disease, requiring multi-
ple stents, amplifies these risks.

Intervention rates are, however, disproportionately 
skewed toward the use of PCI,60,61 despite the evidence-
based superiority of CABG. Minimal invasiveness and 
shorter post-procedural stay times make PCI a very attrac-
tive approach for patients. CABG entails a greater risk of 
early post-procedural stays and events including deep tis-
sue infection due to open sternotomy and higher stroke 
risk due to use of cardiopulmonary bypass.62 The “test and 
treat” approach involving diagnostic catheterization get-
ting converted into a PCI procedure might be another 

Figure 2. Major determinants of clinical outcomes after coronary artery interventions in diabetics. CABG is superior to PCI in 
diabetics, as per current evidence. However, rapid advances in PCI technology and drugs have improved outcomes of coronary 
stenting. The current best practices in decision making involve a “Heart Team,” comprising of cardiologists and cardiothoracic surgeons.
CABG: coronary artery bypass graft; DES: drug eluting stent; FFR: fractional flow reserve; GLP-1a: glucagon like peptide-1 analogue; OCT: optical 
coherence tomography; PCI: percutaneous coronary intervention; SGLT-2i: sodium glucose transport-2 inhibitor.



Bhat et al. 5

T
ab

le
 2

. 
M

aj
or

 t
ri

al
s 

co
m

pa
ri

ng
 P

C
I u

si
ng

 B
M

S 
an

d 
1s

t 
ge

ne
ra

tio
n 

D
ES

 t
o 

C
A

BG
.

T
ri

al
Fo

llo
w

 u
p

D
es

ig
n

C
om

pa
ri

so
n

Pr
im

ar
y 

ou
tc

om
e

R
es

ul
ts

 o
f p

ri
m

ar
y 

ou
tc

om
e

D
ra

w
ba

ck
s

SY
N

T
A

X
36

 (
20

09
)

5 
ye

ar
s

Pr
os

pe
ct

iv
e 

ra
nd

om
iz

ed
, 

di
ab

et
ic

 s
ub

gr
ou

p 
da

ta
C

A
BG

 (
n 

=
 2

31
) 

ve
rs

us
 P

C
I (

PE
S)

 
(n

 =
 2

21
) 

in
 s

ev
er

e 
C

A
D

M
A

C
C

E 
(d

ea
th

, M
I, 

st
ro

ke
 o

r 
re

pe
at

 
re

va
sc

ul
ar

iz
at

io
n)

PC
I 4

6.
55

 v
er

su
s 

C
A

BG
 2

9%
, p

 <
 0

.0
1

In
co

m
pl

et
e 

ra
nd

om
iz

at
io

n 
(2

9.
4%

 p
at

ie
nt

s 
w

er
e 

pr
e-

en
te

re
d 

in
to

 n
es

te
d 

re
gi

st
ri

es
). 

T
he

 P
C

I a
rm

 
ha

d 
si

gn
ifi

ca
nt

ly
 b

et
te

r 
m

ed
ic

at
io

n 
co

m
pl

ia
nc

e 
an

d 
in

te
ns

ity
 p

os
t 

pr
oc

ed
ur

e.
C

A
R

D
Ia

37
 (

20
10

)
1 

ye
ar

Pr
os

pe
ct

iv
e 

ra
nd

om
iz

ed
, 

no
ni

nf
er

io
ri

ty
C

A
BG

 (
n 

=
 2

54
) 

ve
rs

us
 P

C
I (

SE
S 

69
%

, B
M

S 
31

%
) 

(n
 =

 2
56

)

D
ea

th
, M

I, 
or

 
st

ro
ke

PC
I 1

3%
 v

er
su

s 
C

A
BG

 1
0.

5%
 (

H
R

: 
1.

25
, 9

5%
 C

I =
 0

.7
5–

2.
09

). 
PC

I d
id

 n
ot

 
m

ee
t 

th
e 

cr
ite

ri
a 

fo
r 

no
n-

in
fe

ri
or

ity

U
nd

er
po

w
er

ed
 fo

r 
th

e 
pr

im
ar

y 
ou

tc
om

e 
w

ith
 a

 
sh

or
t 

fo
llo

w
-u

p 
pe

ri
od

 o
f 1

 ye
ar

. T
yp

e 
of

 s
te

nt
s 

us
ed

 d
ur

in
g 

th
e 

tr
ia

l p
er

io
d.

 C
lo

pi
do

gr
el

 u
se

 w
as

 
di

sp
ro

po
rt

io
na

te
 in

 t
he

 fo
llo

w
-u

p 
pe

ri
od

 −
 5

4.
4%

 
in

 P
C

I v
er

su
s 

10
.3

%
 in

 C
A

BG
 a

t 
on

e 
ye

ar
.

A
R

T
S 

I a
nd

 II
38

,3
9  

(2
01

1)
5 

ye
ar

s
A

R
T

S 
I –

 p
ro

sp
ec

tiv
e 

ra
nd

om
iz

ed
 (

BM
S 

vs
 C

A
BG

). 
A

R
T

S 
II 

– 
si

ng
le

 a
rm

 S
ES

 u
se

C
A

BG
 (

n 
=

 9
6)

, 
BM

S 
(n

 =
 1

12
) 

ve
rs

us
 S

ES
 (

n 
=

15
9)

M
A

C
C

E
BM

S 
53

.8
%

, S
ES

 
40

.5
%

, C
A

BG
 2

3.
4%

 
(p

 <
 0

.0
01

)

A
R

T
S 

II 
w

as
 s

in
gl

e 
ar

m
 o

nl
y 

an
d 

w
as

 n
ot

 
ra

nd
om

iz
ed

. N
o 

an
ti-

pl
at

el
et

 u
sa

ge
 d

at
a 

w
as

 
no

te
d.

FR
EE

D
O

M
40

 
(2

01
2)

5 
ye

ar
s

Pr
os

pe
ct

iv
e 

ra
nd

om
iz

ed
C

A
BG

 (
n 

=
 9

47
) 

ve
rs

us
 P

C
I (

SE
S 

51
%

, P
ES

 4
3%

) 
(n

 =
 9

53
)

D
ea

th
, M

I o
r 

st
ro

ke
PC

I 2
6.

6%
 v

er
su

s 
C

A
BG

 1
8.

7%
, 

p 
=

 0
.0

05

T
he

 t
ri

al
 w

as
 n

ot
 c

on
du

ct
ed

 in
 a

 b
lin

de
d 

fa
sh

io
n.

 
Su

bj
ec

ts
 h

ad
 a

n 
av

er
ag

e 
EU

R
O

sc
or

e 
of

 ±
2.

5,
 

w
hi

ch
 is

 in
 t

he
 r

an
ge

 o
f l

ow
 t

o 
m

od
er

at
e 

ri
sk

 
an

d 
83

%
 o

f t
he

 s
tu

dy
 p

op
ul

at
io

n 
ha

d 
tr

ip
le

 v
es

se
l 

di
se

as
e 

an
d 

pa
tie

nt
s 

w
ith

 lo
w

er
 d

is
ea

se
 b

ur
de

n 
an

d 
hi

gh
er

 s
ur

gi
ca

l r
is

k 
ha

d 
le

ss
 r

ep
re

se
nt

at
io

n.
V

A
 C

A
R

D
S41

 
(2

01
3)

2 
ye

ar
s

Pr
os

pe
ct

iv
e 

ra
nd

om
iz

ed
C

A
BG

 (
n 

=
 1

03
) 

ve
rs

us
 P

C
I 

(n
 =

 1
04

) 
(b

ot
h 

fir
st

 a
nd

 s
ec

on
d 

ge
ne

ra
tio

n 
D

ES
)

C
om

po
si

te
 o

f a
ll-

ca
us

e 
m

or
ta

lit
y 

an
d 

no
n-

fa
ta

l M
I

C
A

BG
 1

8.
4%

 v
er

su
s 

PC
I 2

5.
3%

, H
R

: 0
.8

9;
 

C
I 0

.4
7–

1.
71

T
he

 t
ri

al
 w

as
 u

nd
er

po
w

er
ed

 d
ue

 t
o 

in
ad

eq
ua

te
 

sa
m

pl
e 

si
ze

 a
nd

 fo
llo

w
-u

p 
pe

ri
od

. S
ile

nt
 M

Is
 w

er
e 

ag
gr

es
si

ve
ly

 t
ra

ck
ed

 t
hr

ou
gh

 n
uc

le
ar

 s
tu

di
es

 
at

 r
eg

ul
ar

 in
te

rv
al

s,
 le

ad
in

g 
to

 h
ig

he
r 

di
ag

no
si

s 
ex

cl
us

iv
el

y 
no

te
d 

in
 t

he
 s

ur
gi

ca
l a

rm
.

In
 m

an
y 

of
 t

he
 t

ri
al

s,
 d

at
a 

w
as

 o
bt

ai
ne

d 
fr

om
 s

ub
-g

ro
up

 a
na

ly
si

s 
an

d 
th

us
 la

ck
ed

 p
ow

er
.

C
A

BG
: c

or
on

ar
y 

ar
te

ry
 b

yp
as

s 
gr

af
t; 

C
I: 

co
nf

id
en

ce
 in

te
rv

al
; D

ES
: d

ru
g-

el
ut

in
g 

st
en

t; 
H

R
: h

az
ar

d 
ra

tio
, M

A
C

C
E:

 m
aj

or
 a

dv
er

se
 c

ar
di

ov
as

cu
la

r 
an

d 
ce

re
br

ov
as

cu
la

r 
ev

en
ts

; M
I: 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n;
 P

C
I: 

pe
rc

ut
an

eo
us

 c
or

on
ar

y 
in

te
rv

en
tio

n;
 P

ES
: p

ac
lit

ax
el

-e
lu

tin
g 

st
en

t; 
SE

S:
 s

ir
ol

im
us

-e
lu

tin
g 

st
en

ts
.



6 Diabetes & Vascular Disease Research 00(0)

T
ab

le
 3

. 
Ef

fic
ac

y 
of

 P
C

I w
ith

 s
ec

on
d 

ge
ne

ra
tio

n 
D

ES
 c

om
pa

re
d 

to
 fi

rs
t 

ge
ne

ra
tio

n 
D

ES
 in

 d
ia

be
tic

s.

T
ri

al
Fo

llo
w

 u
p

D
es

ig
n

C
om

pa
ri

so
n

Pr
im

ar
y 

ou
tc

om
e

R
es

ul
ts

 o
f p

ri
m

ar
y 

ou
tc

om
e

D
ra

w
ba

ck
s

EN
D

EA
V

O
R

 IV
42

 
(2

00
9)

1 
ye

ar
Pr

os
pe

ct
iv

e,
 

ra
nd

om
iz

ed
Su

b-
an

al
ys

is
 Z

ES
 

(n
 =

 2
41

) 
ve

rs
us

 
PE

S 
(n

 =
 2

36
)

T
ar

ge
t 

V
es

se
l F

ai
lu

re
 (

T
V

F)
 (

a 
co

m
po

si
te

 o
f c

ar
di

ac
 d

ea
th

, 
M

I, 
or

 c
lin

ic
al

ly
 d

ri
ve

n 
ta

rg
et

 
ve

ss
el

 r
ev

as
cu

la
ri

za
tio

n 
(T

V
R

))

Z
ES

 8
.6

%
 v

er
su

s 
PE

S 
10

.8
%

, 
p 

=
 0

.5
3

D
ia

be
tic

 o
ut

co
m

es
 w

er
e 

a 
su

b-
an

al
ys

is
 a

nd
 la

ck
ed

 p
ow

er
. F

ol
lo

w
-

up
 p

er
io

d 
w

as
 s

m
al

l. 
Pa

tie
nt

s 
w

ill
 s

ev
er

e 
co

ro
na

ry
 le

si
on

s 
an

d 
LM

C
A

D
 w

er
e 

ex
cl

ud
ed

.
N

A
PL

ES
-

D
IA

BE
T

ES
43

 
(2

00
9)

3 
ye

ar
s

A
 p

ro
sp

ec
tiv

e,
 

op
en

-la
be

l, 
ra

nd
om

iz
ed

Z
ES

 (
n 

=
 7

5)
 v

er
su

s 
PE

S 
(n

 =
 7

5)
 v

er
su

s 
SE

S 
(n

 =
 7

6)

M
A

C
E 

(d
ea

th
, M

I, 
or

 c
lin

ic
al

ly
 

dr
iv

en
 T

V
R

)
N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 

be
tw

ee
n 

PE
S 

an
d 

SE
S 

gr
ou

ps
 

(p
 =

 1
.0

) 
bu

t 
a 

hi
gh

er
 M

A
C

E 
ra

te
 in

 t
he

 Z
ES

 g
ro

up
 v

er
su

s 
bo

th
 S

ES
 (

p 
=

 0
.0

12
) 

an
d 

PE
S 

gr
ou

p 
(p

 =
 0

.0
75

).

T
he

 s
tu

dy
 w

as
 o

pe
n-

la
be

l a
nd

 
ha

d 
a 

sm
al

l s
am

pl
e 

si
ze

 w
ith

 
in

ad
eq

ua
te

 p
ow

er
.

ES
SE

N
C

E 
D

IA
BE

T
ES

44
 

(2
01

1)

8 
m

on
th

s
Pr

os
pe

ct
iv

e 
ra

nd
om

iz
ed

, 
no

ni
nf

er
io

ri
ty

EE
S 

(n
 =

 1
49

) 
ve

rs
us

 S
ES

 
(n

 =
 1

51
)

A
ng

io
gr

ap
hi

c 
in

-s
eg

m
en

t 
la

te
 

lo
ss

EE
S 

no
n-

in
fe

ri
or

 t
o 

SE
S

T
he

 e
nd

po
in

t 
w

as
 a

ng
io

gr
ap

hy
 

ba
se

d 
an

d 
di

d 
no

t 
ha

ve
 a

 c
lin

ic
al

 
co

rr
el

at
e.

 T
he

 p
ow

er
 o

f t
he

 s
tu

dy
 

w
as

 le
ss

 t
ha

n 
in

iti
al

ly
 t

ar
ge

te
d

SO
R

T
-O

U
T

 IV
45

 
(2

01
2)

9 
an

d 
18

 m
on

th
s

Pr
os

pe
ct

iv
e 

ra
nd

om
iz

ed
, 

si
ng

le
-b

lin
d,

 a
ll 

co
m

er
s,

 n
on

-
in

fe
ri

or
ity

Su
b-

an
al

ys
is

 
EE

S 
=

 1
94

 v
er

su
s 

SE
S 

=
 1

96

C
om

bi
na

tio
n 

of
 c

ar
di

ac
 

de
at

h,
 m

yo
ca

rd
ia

l i
nf

ar
ct

io
n,

 
de

fin
ite

 s
te

nt
 t

hr
om

bo
si

s,
 a

nd
 

cl
in

ic
al

ly
 in

di
ca

te
d 

ta
rg

et
 v

es
se

l 
re

va
sc

ul
ar

iz
at

io
n 

at
 1

8 
m

on
th

s

EE
S 

w
as

 n
on

-in
fe

ri
or

 t
o 

SE
S 

(1
0.

3%
 v

s 
15

.8
%

, R
R

 =
 0

.6
3;

 
C

I =
 0

.3
6–

1.
11

)

D
ia

be
tic

 o
ut

co
m

es
 w

er
e 

a 
su

b-
an

al
ys

is
 a

nd
 la

ck
ed

 p
ow

er
, w

as
 

si
ng

le
-b

lin
d.

ES
SE

N
C

E 
D

IA
BE

T
ES

 II
46

 
(2

01
3)

9 
m

on
th

s
Pr

os
pe

ct
iv

e 
ra

nd
om

iz
ed

, 
no

n-
in

fe
ri

or
ity

R
-Z

ES
 (

n 
=

 1
27

) 
ve

rs
us

 S
ES

 
(n

 =
 1

29
)

A
ng

io
gr

ap
hi

c 
in

-s
eg

m
en

t 
la

te
 

lo
ss

R
-Z

ES
 n

on
-in

fe
ri

or
 t

o 
SE

S
T

he
 t

ri
al

 w
as

 t
er

m
in

at
ed

 e
ar

ly
 

an
d 

la
ck

ed
 p

ow
er

 fo
r 

en
dp

oi
nt

 
as

se
ss

m
en

t.
SP

IR
IT

 V
47

 (
20

12
)

9 
m

on
th

s
Si

ng
le

 b
lin

de
d,

 
no

n-
in

fe
ri

or
ity

EE
S 

(n
 =

 2
18

) 
ve

rs
us

 P
ES

 
(n

 =
 1

06
)

In
-s

te
nt

 la
te

 lo
ss

EE
S 

0.
19

 m
m

 s
up

er
io

r 
to

 P
ES

 
0.

39
 m

m
, p

 =
 0

.0
01

En
dp

oi
nt

 w
as

 a
ng

io
gr

ap
hy

 
ba

se
d 

an
d 

di
d 

no
t 

ha
ve

 a
 c

lin
ic

al
 

co
rr

el
at

e.
 S

ho
rt

 fo
llo

w
-u

p 
du

ra
tio

n
T

U
X

ED
O

–
In

di
a48

,4
9  

(2
01

6/
17

)
1 

ye
ar

/2
 ye

ar
s

Pr
os

pe
ct

iv
e 

ra
nd

om
iz

ed
, 

no
n-

in
fe

ri
or

ity

PE
S 

(n
 =

 8
89

) 
ve

rs
us

 E
ES

 
(n

 =
 8

99
)

T
V

F 
(a

 c
om

po
si

te
 o

f c
ar

di
ac

 
de

at
h,

 M
I o

r 
cl

in
ic

al
ly

 d
ri

ve
n 

ta
rg

et
 v

es
se

l r
ev

as
cu

la
ri

za
tio

n 
[T

V
R

])

PE
S 

ve
rs

us
 E

ES
 1

 y
ea

r 
−

 5
.6

%
 v

er
su

s 
2.

9%
 (

C
I 

0.
8–

4.
5,

 p
 =

 0
.3

8)
, P

ES
 

di
d 

no
t 

m
ee

t 
cr

ite
ri

a 
fo

r 
no

ni
nf

er
io

ri
ty

. 2
 ye

ar
s 

−
 

6.
6%

 v
er

su
s 

4.
3%

 p
 =

 0
.0

3.

Fo
llo

w
-u

p 
du

ra
tio

n 
w

as
 

in
ad

eq
ua

te
 fo

r 
lo

ng
 t

er
m

 a
na

ly
si

s.
 

Sy
nt

ax
 s

ub
-a

na
ly

si
s 

w
as

 n
ot

 d
on

e.

M
os

t 
of

 t
he

 t
ri

al
s 

ha
ve

 r
es

ul
ts

 g
en

er
at

ed
 fr

om
 a

 s
ub

gr
ou

p 
an

al
ys

is
, t

hu
s 

be
in

g 
on

ly
 h

yp
ot

he
si

s-
ge

ne
ra

tin
g.

EE
S:

 e
ve

ro
lim

us
-e

lu
tin

g 
st

en
t; 

PC
I: 

pe
rc

ut
an

eo
us

 c
or

on
ar

y 
in

te
rv

en
tio

n;
 M

A
C

E:
 m

aj
or

 a
dv

er
se

 c
ar

di
ov

as
cu

la
r 

ev
en

t; 
PE

S:
 p

ac
lit

ax
el

 e
lu

tin
g 

st
en

t; 
R

R
: r

el
at

iv
e 

ri
sk

; S
ES

: s
ir

ol
im

us
-e

lu
tin

g 
st

en
t; 

T
V

F:
 t

ar
ge

t 
ve

ss
el

 fa
ilu

re
; T

V
R

: t
ar

ge
t 

ve
ss

el
 r

ev
as

cu
la

ri
za

tio
n;

 Z
ES

: z
ot

ar
ol

im
us

-e
lu

tin
g 

st
en

t.



Bhat et al. 7

T
ab

le
 4

. 
Ef

fic
ac

y 
of

 s
ec

on
d 

ge
ne

ra
tio

n 
D

ES
 in

 d
ia

be
tic

s 
co

m
pa

re
d 

to
 C

A
BG

.

Ba
ng

al
or

e 
et

 a
l.17

 
(2

01
5)

2.
9 

ye
ar

s
O

bs
er

va
tio

na
l, 

sp
ec

ifi
ed

 d
ia

be
tic

 
su

bg
ro

up
 a

na
ly

si
s

EE
S 

(n
 =

 1
48

7)
 v

er
su

s 
C

A
BG

 (
n 

=
 1

48
7)

A
ll-

ca
us

e 
m

or
ta

lit
y

EE
S 

3.
89

%
 v

er
su

s 
C

A
BG

 3
.7

3%
 

(H
R

 =
 1

.0
6,

 p
 =

 0
.6

5)

O
bs

er
va

tio
na

l s
tu

dy
, n

o 
pr

os
pe

ct
iv

e 
an

al
ys

is

BE
ST

18
 (

20
17

)
2 

ye
ar

s
Pr

os
pe

ct
iv

e 
ra

nd
om

iz
ed

, 
di

ab
et

ic
 s

ub
gr

ou
p 

an
al

ys
is

EE
S 

(n
 =

 1
77

) 
ve

rs
us

 
C

A
BG

 (
n 

=
 1

86
)

C
om

po
si

te
 o

f 
de

at
h,

 M
I, 

or
 

ta
rg

et
 v

es
se

l 
re

va
sc

ul
ar

iz
at

io
n

EE
S 

(1
9.

2%
) 

ve
rs

us
 

C
A

BG
 (

9.
1%

) 
(p

 =
 0

.0
07

)

D
ia

be
te

s 
ou

tc
om

es
 w

er
e 

fr
om

 a
 

su
bg

ro
up

 a
na

ly
si

s.
 T

he
 s

tu
dy

 s
am

pl
e 

si
ze

 
w

as
 s

m
al

l a
nd

 t
he

 fo
llo

w
-u

p 
du

ra
tio

n 
w

as
 in

ad
eq

ua
te

 fo
r 

lo
ng

 t
er

m
 a

na
ly

si
s.

EX
C

EL
19

,2
0  

(2
01

9)
3 

ye
ar

s
A

 p
ro

sp
ec

tiv
e 

op
en

-la
be

l 
ra

nd
om

iz
ed

, o
nl

y 
LM

C
A

D
 w

ith
 

lo
w

-m
od

er
at

e 
SY

N
T

A
X

 s
co

re
s 

(<
33

, d
ia

be
tic

 s
ub

co
ho

rt
)

EE
S 

(n
 =

 2
86

) 
ve

rs
us

 
C

A
BG

 (
n 

=
 2

86
)

M
A

C
C

E
EE

S 
PC

I 
20

.7
%

 v
er

su
s 

C
A

BG
19

.3
%

, 
p 

=
 0

.8
7

D
ia

be
te

s 
ou

tc
om

es
 w

er
e 

fr
om

 t
he

 
su

bg
ro

up
 a

na
ly

si
s.

 T
he

 t
ri

al
 w

as
 o

pe
n-

la
be

le
d 

an
d 

on
ly

 r
ec

ru
ite

d 
pa

tie
nt

s 
w

ith
 

LM
C

A
D

 a
nd

 lo
w

-m
od

er
at

e 
SY

N
T

A
X

 
sc

or
es

. M
or

ta
lit

y 
ou

tc
om

es
 b

en
ef

ite
d 

C
A

BG
N

O
BL

E21
 (

20
19

)
5 

ye
ar

s
Pr

os
pe

ct
iv

e,
 o

pe
n 

la
be

l, 
ra

nd
om

iz
ed

, n
on

-in
fe

ri
or

ity
, 

di
ab

et
ic

 s
ub

-g
ro

up
 a

na
ly

si
s

PC
I (

fir
st

 (
10

%
) 

an
d 

se
co

nd
 g

en
er

at
io

n 
(9

0%
- 

um
ir

ol
im

us
) 

(n
 =

 9
0)

 
ve

rs
us

 C
A

BG
 (

n 
=

 9
4)

M
A

C
C

E
C

A
BG

 2
8%

 v
er

su
s 

PC
I 4

0%
, R

R
 1

.5
6 

C
I: 

0.
93

–2
.5

9,
 

p 
=

 0
.8

2

D
ia

be
tic

 o
ut

co
m

es
 w

er
e 

a 
su

b-
an

al
ys

is
 

an
d 

la
ck

ed
 p

ow
er

.

C
A

BG
: c

or
on

ar
y 

ar
te

ry
 b

yp
as

s 
gr

af
t; 

EE
S:

 e
ve

ro
lim

us
-e

lu
tin

g 
st

en
t; 

LM
C

A
D

: l
ef

t 
m

ai
n 

co
ro

na
ry

 a
rt

er
y 

di
se

as
e;

 P
C

I: 
pe

rc
ut

an
eo

us
 c

or
on

ar
y 

in
te

rv
en

tio
n;

 M
A

C
C

E:
 m

aj
or

 a
dv

er
se

 c
ar

di
ov

as
cu

la
r 

an
d 

ce
re

br
ov

as
cu

la
r 

ev
en

ts
; R

R
: r

el
at

iv
e 

ri
sk

.

possible reason for increasing PCI utilization. Physician 
biases can affect disclosures, especially when the diagnos-
tic and therapeutic options are intertwined.63 The benefits 
of new PCI technologies are occasionally applied by con-
jecture, as rapidly changing advances result in the sparsity 
of prospective data.

Case-based therapeutic adjudication

Risk factor-based individualized assessment is essential to 
stratify patients for the best interventional approach. A 
“Heart Team” comprising primarily of cardiologists and 
cardiothoracic surgeons, helps achieve a multi-disciplinary 
consensus and is seen to improve outcomes.64 Scoring sys-
tems such as EUROscore and SYNTAX also guide deci-
sion making. EuroSCORE I & II predict mortality 
post-cardiac surgery.65–67 These scores are however not 
well validated in the diabetic population. SYNTAX score68 
estimates CAD severity and complexity. Higher SYNTAX 
scores are associated with a greater benefit of CABG over 
PCI. Post-hoc analysis of SYNTAX scores of treated dia-
betic patients in the FREEDOM trial noted the correlation 
of SYNTAX scores with PCI outcomes but showed no 
benefit of SYNTAX score calculation in changing recom-
mendations from CABG to PCI.69 Many of the trials dis-
cussed in Tables 2 to 4 exclude high-risk surgical patients, 
patients with complex lesions, recent MI, heart failure, and 
prior revascularization, thereby creating an inclusion bias.

Left ventricular systolic dysfunction (LVSD), a major 
complication of CAD, is considered to be a risk factor for 
a major surgery like CABG. However, evidence from the 
STICH trial showed that the addition of CABG to medical 
therapy helped in a significant reduction of cardiovascular 
hospitalizations and cardiovascular mortality over medical 
therapy alone in patients with LVSD.70 A 12-year follow-
up retrospective study demonstrated significant improve-
ment in MACCE and overall mortality with CABG over 
PCI in diabetic patients with LVSD (ejection fraction 
<35%).71 Further prospective studies are needed to clear 
the air regarding the use of CABG in this population, who 
have a higher surgical risk, but might benefit more with the 
bypass option in the long run.

Left main coronary artery disease (LMCAD) in CAD 
portends a high risk of future complications and poorer 
outcomes and has typically been treated with CABG in the 
diabetes population. Comparative evidence in cases of iso-
lated left main coronary artery disease (LMCAD) in diabe-
tes has also been updated, with data from MAIN-COMPARE 
and EXCEL showing similar cardiovascular outcomes 
with PCI compared to CABG in diabetes.72,73

Chronic total occlusions (CTO), defined as chronic 
(>3 months) complete coronary occlusion (TIMI 0 flow), 
are more common in diabetes.74 CTOs are mostly treated 
by anginal medical therapy and CABG. CTO PCI is con-
sidered high risk and is performed in centers with high 
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volume and expertise. Single vessel CTO and patients with 
previous CABG are probable candidates for CTO PCI.
Another clinical situation for preferential PCI utilization in 
diabetes is post CABG worsening of CAD. Repeat surgery 
in such cases confers a high mortality risk and PCI is a 
decent option.75

Recent advances in PCI and CABG technology

The advances in interventional cardiology are progressing 
at a breakneck speed. Major progress has been made in 
developing new-generation DES, which have thinner con-
struction, bio-similar designs, and better and longer drug 
effect and delivery. Bioresorbable DES/scaffolds 
(BR-DES/BRS) are advanced generation stents with a 
bioresorbable design and a theoretically lower risk of 
thrombosis. However, early BRS stents demonstrated a 
higher incidence of very late thrombosis in BRS group,76,77 
which led to their withdrawal from the market. Outcomes 
of newer BRS/BD-DES look promising, with long term 
data awaited.78,79

Imaging strategies including fractional flow reserve 
(FFR), optical coherence tomography (OCT), and instan-
taneous wave-free ratio (iFR) are used to re-stratify inter-
mediate lesion severity in angiographic studies, which 
leads to a significant change in the treatment plan. 
However, the benefit in diabetes has not been proven.80

Improved PCI outcomes with proper stent selection, 
placement location, and technique. Intravenous ultrasound 
(IVUS) and optical coherence tomography (OCT) guided 
stent placement techniques are being utilized in defining 
coronary lesion characteristics and severity. These intrac-
oronary imaging techniques guide in appropriate stent 
selection, length, placement site, and technique to refine 
outcomes.81,82 IVUS and OCT also help in defining post-
stenting expansion and possible mal-apposition and dis-
section, thus helping in post stenting risk minimization.83 
Targeted interventions in plaques with high risk character-
istics diagnosed with OCT/IVUS allows selective PCI uti-
lization in the most severe areas and narrows the therapeutic 
difference between PCI and CABG in patients with 
diabetes.84

Aspirin and clopidogrel have sub-optimal activity in 
diabetics, due to modified platelet membranes, altered 
eicosanoid, and anti-platelet metabolism.85–87 Newer 
agents like prasugrel and ticagrelor have demonstrated 
better cardio and cerebrovascular event rates in PCI treated 
patients in diabetes compared to the old agents- a result of 
faster action, more effective platelet inhibition, additional 
endothelial benefit, and no first-pass requirement for these 
agents.88,89

SGLT-2i/GLP-1a also improve cardiovascular end-
points (discussed above) and should be used as first-line 
agents in diabetes with a history of or high risk of CAD. 
Patients with diabetes have a high residual coronary risk 
even after maximal therapy with statins. Treatment with 

ezetimibe and Proprotein convertase subtilisin/kexin type 
9 (PCSK-9) inhibitors reduce the added lipidomic risk by 
further reduction of LDL-C levels.90–92 Omega 3 fatty 
acids are another tool in the CAD treatment armamentar-
ium, eicosapentaenoic acid demonstrating a significant 
reduction in adverse cardiovascular outcomes in the large 
prospective REDUCE-IT trial.93

In CABG, revascularization using bilateral IMA has 
shown mixed results in the general population with a mor-
tality benefit in large observational studies and meta-anal-
ysis94,95 countered by results of the large ART trial (2019), 
which demonstrated no significant 10-year mortality ben-
efit.96 Off-pump CABG and minimally invasive CABG 
have not had a significant impact on outcomes with CABG.

Hybrid coronary revascularization (HCR)97,98 attempts 
to utilize left IMA for LAD bypass (providing maximal 
survival advantage) coupled with non-LAD small vessel 
PCI. This approach is particularly helpful when bypasses 
of particular vessels or an advanced thoracic approach is 
prohibitive or if second arterial conduits are not available. 
Current data points toward similar outcomes to traditional 
CABG.97,99 This option is not common practice and the 
lack of large prospective analysis limits widespread use.

Section IV. Conclusion

Coronary artery disease and diabetes mellitus are both 
modern era epidemics and have a closely dependent rela-
tionship. Typical approaches and outcomes of CAD thera-
pies in the general population cannot be extrapolated to 
diabetics due to a significantly increased risk of CAD in 
the latter. Current evidence points to a very strong benefit 
of CABG over PCI in this patient population, both in terms 
of repeat events and mortality. With current advances in 
technologies in the domain of PCI and the latest anti-dia-
betes and anti-platelet drugs, we do anticipate improved 
outcomes in the future with minimally invasive techniques. 
Risk stratification and an open discussion with the patient 
about the risks and benefits of each procedure is essential. 
The role of the primary physician is vital for secondary 
prevention and maintaining compliance, which is impor-
tant for thrombosis prevention. There have been tremen-
dous advances in PCI technology. Nonetheless, on the 
evidence-based front, the superiority of CABG stands as 
of now.
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