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ARTICLE INFO ABSTRACT

Article history: Patients with diabetes mellitus (DM) often exhibit a complex coronary anatomy, making coronary revasculariza-
14 July 2019 tion challenging. Coronary artery bypass grafting surgery (CABG) is currently considered the preferred revascu-
14 July 2019 larization method in patients with DM and multivessel disease. Percutaneous coronary intervention (PCI) has

- advanced with new stent generations having been developed in the recent years, but they have not yet been ad-

I];c;;'wbe ‘;Zis‘ equately compared against CABG in the population with DM. Comorbidities, such as renal disease and heart fail-

ure, lead to worse prognosis following a revascularization procedure and require especial consideration when
choosing between CABG versus PCI. The presence of significant left main disease may also impose additional chal-
lenges to coronary revascularization, particularly when accompanied by the involvement of multivessel disease.
Most of the evidence regarding revascularization in patients with DM is compiled from studies enrolling patients
with stable ischemic heart disease, and trials with patients in the acute coronary syndrome setting are lacking.
© 2019 Published by Elsevier Inc.
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Introduction
Abbreviations: ACS, acute coronary syndrome; CABG, coronary artery bypass grafting;

CAD, coronary artery disease; CKD, chronic kidney disease; CVD, cardiovascular disease;
DES, drug-eluting stents; DM, diabetes mellitus; eGFR, estimated glomerular filtration
rate; LV, left ventricular; LVEF, left ventricular ejection fraction; MACCE, major adverse car-
diovascular and cerebrovascular events; MI, myocardial infarction; MVD, multivessel cor-
onary artery disease.
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Diabetes mellitus (DM) is a global epidemic, and currently in North
America, the prevalence of DM is approximately 11%." Patients with
DM have higher incidence of coronary artery disease (CAD) compared
to the general population.? Choosing the proper revascularization strat-
egy in these patients may be challenging, since DM is a marker of worse
prognosis following coronary revascularization® and approximately
two-thirds of the patients have multivessel CAD (MVD).? This paper
will summarize the current evidence to best guide the optimal decision
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of coronary revascularization in patients with DM, comparing coronary
artery bypass grafting surgery (CABG) and percutaneous coronary in-
tervention (PCI). Current gaps in evidence, such as the role of newer
generation drug-eluting stents (DES), treatment of left main disease,
and revascularization following an acute coronary syndrome (ACS)
will also be discussed.

Main clinical evidence

The Bypass Angioplasty Revascularization Investigation (BARI) trial,
published in 1996, randomized 1829 patients with MVD to undergo ei-
ther balloon angioplasty or CABG and survival in both groups was sim-
ilar after a follow-up of 5.4 years. Approximately one-fifth of the
patients had medically treated DM and these patients had a survival
benefit when undergoing CABG versus PCI (80.6% vs. 65.5%, p = 0.003
for the initial follow-up and 57.8% vs. 45.5%, p = 0.025 for the 10-year
follow-up).>>6 These analyses formed the rational for the Bypass Angio-
plasty Revascularization Investigation 2 Diabetes (BARI 2D) trial, pub-
lished in 2009, enrolling only patients with DM. Patients were
randomized to medical therapy alone versus medical therapy added to
the coronary revascularization strategy (PCI or CABG) chosen a priori
by the attending physician.” Approximately one-third of the 2368 pa-
tients were selected for the CABG stratum and two-thirds for the PCI
stratum. Since the revascularization procedure was defined before ran-
domization, this trial did not directly compare PCI versus CABG, but cor-
onary revascularization versus medical therapy alone. The 5-year
survival rates of the revascularization group and the medical therapy
group were similar (88.3% vs. 87.8%, respectively, p = 0.97), as well as
the rates of the composite of all-cause mortality, non-fatal myocardial
infarction (MI) and non-fatal stroke (77.2% vs. 75.9%; p = 0.70). When
compared to medical therapy, CABG resulted in a lower rate of major
cardiovascular disease (CVD) events (22.4%; vs. 30.5%; p = 0.01). The
same benefit was not observed when comparing PCI versus medical
therapy alone. Importantly, only one-third of the patients received a
DES and only 20% of the patients had multivessel PCIL In the CABG
group, 94.2% received an internal mammary-artery graft, with a mean
of three distal anastomoses performed.”

The Synergy between percutaneous coronary intervention with
Taxus and cardiac surgery (SYNTAX) trial randomized 1800 patients
(approximately one-fourth with DM) with left main and/or MVD to ei-
ther CABG or PCI with first-generation paclitaxel-eluting stent.® At
1 year, a lower rate of all-cause death, MI, stroke and repeat revascular-
ization (MACCE) was observed in the subgroup of patients with DM
randomized to CABG (14.2% vs. 26.0%, relative risk: 1.83; 95%CI: 1.22
to 2.73, p = 0.003). The 5-year MACCE rates of the group with DM
also favored CABG versus PCI (29.0% vs. 46.5%, p < 0.001).21° The Coro-
nary Artery Revascularization in Diabetes (CARDia) trial randomized
510 patients with DM and stable CAD (SIHD; 60% with MVD) to either
PCI (69% with DES) or CABG. The primary outcome was the composite
of all-cause mortality, MI and stroke, which occurred in 10.5% of the
CABG patients versus 13.0% in the PCI patients at 1 year (Hazard Ratio
(HR): 1.25; 95% CI (Confidence Interval): 0.75 to 2.09, p = 0.393).
Higher rates of non-periprocedural MI (5.5% vs. 1.2%, p = 0.016) and re-
peat revascularization (11.8% vs. 2.0%, p < 0.001) were also observed in
the PCI group, as well as a trend to a higher stroke rate in CABG patients
(2.8% vs. 0.4%, p = 0.066).'" The U.S. Department of Veterans Affairs -
Coronary Artery Revascularization in Diabetes (VA-CARDS) trial was
stopped early due to slow recruitment, after enrolling only 25% of the
planned population of patients with DM and complex CAD. The 2-year
all-cause mortality in the CABG group was 5%, versus 21% for PCI (HR:
0.30; 95% CI: 0.11 t0 0.80)."?

In 2012, the landmark Future Revascularization Evaluation in Pa-
tients with Diabetes Mellitus: Optimal Management of Multivessel Dis-
ease (FREEDOM) trial was published by Farkouh and colleagues,
randomizing 1900 patients with DM and MVD (without left main dis-
ease), most of them with stable CAD to undergo either CABG or PCI

with DES (mostly first-generation DES). After a mean follow-up of
3.8 years, CABG, when compared to PCI, reduced the composite rate of
all-cause mortality, MI and stroke (18.7% vs. 26.6%, p = 0.005). CABG
patients also experienced reduced isolated rates of MI (6.0% vs. 13.9%,
p <0.001) and had slightly higher rates of stroke (5.2% vs. 2.4%, p =
0.03)."% In 2018, the long-term survival report of the FREEDOM trial
was published, comprising half of the original cohort of patients,
followed for a median of 7.5 years. All-cause mortality was significantly
lower in the CABG group than in the PCl arm (18.3% vs. 24.3%; p = 0.01)
(Fig. 1)."* In subgroup analyses, younger patients, smokers and patients
from centers in North America tended to have more pronounced bene-
fits with surgical revascularization (p for interaction: 0.001; 0.01, and
0.02, respectively).

Recently, the applicability of the SYNTAX score when deciding be-
tween CABG vs. PCI in patients with DM and MVD from the FREEDOM
trial was reported.'® The SYNTAX score, developed for the SYNTAX
trial mentioned above, evaluates the anatomic complexity of the coro-
nary tree and is commonly referenced in clinical guidelines as an aiding
tool for choosing the optimal revascularization strategy in the general
population of patients with stable CAD.®'%17 This sub-analysis of the
FREEDOM trial reported that the SYNTAX score was an independent
predictor of MACCE (defined as the composite of death, MI, stroke and
repeat revascularization) in patients with DM undergoing PCI, but not
in those undergoing CABG..!°> Additionally, regardless of the SYNTAX
score category, the incidence of MACCE was higher in the PCI arm
than in the CABG arm (low SYNTAX score: 36.6% vs. 25.9%, p = 0.02; in-
termediate SYNTAX score: 43.9% vs. 26.8%, p < 0.001; high SYNTAX
score: 48.7% vs. 29.7%, p = 0.003) (Fig. 2). A pooled analysis of the
SYNTAX, Premier of Randomized Comparison of Bypass Surgery versus
Angioplasty Using Sirolimus-Eluting Stent in Patients with Left Main
Coronary Artery Disease (PRECOMBAT), and Randomized Comparison
of Coronary Artery Bypass Surgery and Everolimus-Eluting Stent Im-
plantation in the Treatment of Patients with Multivessel Coronary Ar-
tery Disease (BEST) trials evaluated the role of the SYNTAX score in
the population with DM (n = 1068 patients, two-thirds with MVD
and one third with left main disease).!® Patients undergoing CABG had
lower rates of the composite of all-cause death, MI, stroke, and repeat
revascularization regardless of the SYNTAX score. Conversely, for the
composite of death, MI and stroke (without repeat revascularization)

7 Unadjusted HR (95% CI): 1.36 (1.07 to 1.74)
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Fig. 1. Survival curve for the long-term all-cause mortality in the patients with diabetes
and multivessel coronary disease from the Future Revascularization Evaluation in
Patients with Diabetes Mellitus: Optimal Management of Multivessel Disease
(FREEDOM) trial, according to revascularization strategy. CABG: coronary artery bypass
grafting. PCl: percutaneous coronary intervention.

Extracted from reference.'*
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Fig. 2. Major adverse cardiac and cerebrovascular events (MACCE; all-cause mortality,
myocardial infarction, stroke, and repeat revascularization) in patients with diabetes
and multivessel coronary disease from the Future Revascularization Evaluation in
Patients with Diabetes Mellitus: Optimal Management of Multivessel Disease
(FREEDOM) trial, according to the revascularization strategy (CABG or PCI) and SYNTAX
score category (low, intermediate or high). Unregard of the SYNTAX score category, the
incidence of MACCE was higher in the PCI arm than in the CABG arm. CABG: coronary
artery bypass grafting. PCI: percutaneous coronary intervention. SYNTAX: Synergy
between percutaneous coronary intervention with Taxus and cardiac surgery.

Extracted from reference.'”

CABG was superior to PCI only in patients with high SYNTAX score
(13.2% vs. 24.5%, p = 0.018).

What is consistent is that CABG reduces the rates of repeat revascu-
larization and MI in patients with complex coronary anatomy and DM.'®
When following these patients over more prolonged periods or when
pooling data from different randomized trials, CABG is also related to re-
duced all-cause mortality, as shown in the long-term follow-up of the
FREEDOM trial.'* Recently, a meta-analysis by Head and colleagues in-
cluding 11 randomized trials reported a higher 5-year likelihood of
death for patients undergoing PCI versus CABG (n = 11,518; HR: 1.20;
95%Cl: 1.06 to 1.37; p = 0.0038), especially in patients with DM and
MVD (n = 3266; HR: 1.48; 95% CI: 1.19 to 1.84; p = 0.0004; p for inter-
action: 0.0077).2° As a downside, CABG was associated with a signifi-
cantly higher stroke rate compared to PCI at 30 days (1.1% vs. 0.4%, p <
0.001) and 5 years (3.2% vs. 2.6%, p = 0.027), but not between
31 days and 5 years, suggesting that most CABG-related strokes occur
in the first month of follow-up.?! A significant interaction was found
for the population with DM, with a 5-year stroke rate of 2.6% for those
treated with PCI versus 4.9% for CABG (HR: 0.52; 95%Cl: 0.37 to 0.75; p
<0.001; p for interaction = 0.004).2! Results were not significant in pa-
tients without DM.

Controlling of risk factors for progression of CAD is also important in
the post-revascularization period.?? Patients with DM who are able to
adequately control blood pressure, cholesterol and glucose levels, re-
frain from smoking, eat a balanced and healthy diet and practice physi-
cal activities routinely are less likely to die or have a cardiovascular
event following a revascularization procedure.?>?* As a general guid-
ance, achieving blood pressure of <130/80 mmHg, HbA1lc < 7.0% and
low-density lipoprotein cholesterol (LDL-C) levels of at least 70 mg/dL
are recommended targets in this population.?® Patients should be en-
gaged in achieving these goals during routine clinic visits, since compli-
ance to optimal medical therapy or lifestyle modification interventions
is challenging, even in the setting of a randomized clinical trial.?5*”

New-generation stents

New-generation DES have been used in the recent years, including in
patients with DM, with the hope that they could bridge the gap between
CABG and PCI outcomes in this population. Newer generation stents
may overcome the higher risks of local stent complications found in pa-
tients with DM (such as stent thrombosis and restenosis), but it is un-
reasonable to expect that a focal intervention (PCI) will be able to
optimally deal with the diffuse coronary disease commonly found in
this population.?82°

A direct randomized comparison of newer generation DES versus
CABG in patients with DM is critically lacking and the best evidence cur-
rently available is derived from observational and pooled analyses. A
2012 meta-analysis reported that, in patients with DM, DES compared
to bare-metal stents were related to lower rates of target vessel revascu-
larization and similar incidence of stent thrombosis, MI and death, also
suggesting that everolimus-eluting stents were more efficacious and
safer compared to sirolimus, paclitaxel and zotarolimus eluting stents.>®
In the Taxus Element versus Xience Prime in a Diabetic Population
(TUXEDO) - India trial, first-generation paclitaxel-eluting stents were
not non-inferior to second-generation everolimus-eluting stents re-
garding the composite of cardiac death, target-vessel MI, or ischemia-
driven target-vessel revascularization at the 1-year in 1830 patients
with DM. In fact, paclitaxel stents resulted in higher rates of ischemia-
driven target-lesion revascularization (HR: 2.18; 95%CI: 1.20 to 3.95; p
= 0.009), cardiac death or target-vessel MI (HR: 1.69; 95%Cl: 1.04 to
2.75; p = 0.03) and stent thrombosis (HR: 5.08; 95%CI: 1.74 to 14.87;
p<0.001)>!

When compared with CABG, a 2014 meta-analysis reported in-
creased mortality rates with paclitaxel or sirolimus DES and similar
mortality with second-generation everolimus (rate ratio (RR): 1.11;
95%CI: 0.67 to 1.84) and zotarolimus DES (RR: 1.45; 95%CI: 0.31 to
8.81) in >20 thousand patients with DM.?? A registry-based analysis
from the State of New York, comprising 8096 propensity-score matched
patients with DM and MVD, reported that, when compared to CABG, pa-
tients undergoing PCI with everolimus DES had a lower risk of death
(HR: 0.58; 95%IC: 0.34 to 0.98; p = 0.04) and stroke and higher risk of
MI in the first 30 days of follow-up. In the long-term follow-up
(4 years), the occurrence of death was similar between treatments
(HR: 1.12; 95%CI: 0.96 to 1.30; p = 0.16) when complete revasculariza-
tion was attained, which happened only in 20% of the PCI patients. For
the remaining 80% patients, PCI with everolimus DES was associated
with increased rates of death compared to CABG (HR: 1.20; 95%IC:
1.01 to 1.42; p = 0.03; p for interaction = 0.05). A lower risk of stroke
(HR: 0.76; 95%CI: 0.58 to 0.99; p = 0.04) and a higher risk of MI (HR:
1.64; 95%CI: 1.32 to 2.04; p < 0.0001) were also observed in the everoli-
mus PCI versus CABG patients.>® The BEST trial compared PCI with
everolimus DES versus CABG in 880 patients with MVD, 40% with DM.
The trial was stopped prematurely, due to enrolment difficulties, and
outcome comparisons should be evaluated with caution. The rates of
the primary composite of all-cause death, MI or target-vessel revascu-
larization at 2 years were 7.9% in the CABG group and 11.0% in the PCI
group (p = 0.32 for noninferiority). After a median follow-up of
4.6 years, these rates were 10.6% in the CABG arm and 15.3% in the PCI
arm (HR: 1.47; 95%Cl: 1.01 to 2.13; p = 0.04 for superiority). A more
pronounced reduction in the primary outcome favoring CABG was ob-
served in the subgroup with DM in the long-term follow-up (HR:
2.24; 95% CI: 1.25 to 4.00; p for interaction: 0.06).34

Challenging sub groups
Comorbidities
The presence of comorbidities, advanced age and frailty may make

difficult the revascularization strategy choice between CABG and PCI.
Depending on the prognosis of the non-cardiac baseline comorbidities,
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patients and physicians may favor the more immediate peri-procedural
risk profiles, and not the possible long-term CVD benefits, when decid-
ing between PCI versus CABG.>> Accordingly, in the long-term follow-up
of the FREEDOM patients, a significant interaction was observed be-
tween the revascularization strategy and age, as mentioned previously.
Patients younger than the trial median age at randomization
(63.3 years; n = 950) were able to experience a larger benefit from
CABG over PCI, compared to older patients (p for interaction = 0.001).'

Dedicated studies about coronary revascularization in patients with
DM and chronic kidney disease (CKD) are lacking and most of the cur-
rent evidence originated from exploratory analyses. In the FREEDOM
trial, 451 patients had CKD, defined as an estimated glomerular filtra-
tion rate (eGFR) <60 mL/min/1.73m? and with a mean eGFR of 47 mL/
min/1.73m? When compared with patients without CKD, CKD patients
were older and had a higher burden of comorbidity, which culminated
in a higher rate of the composite of all-cause death, MI and stroke in
these patients over a median follow-up of 3.8 years (HR: 1.48; 95% CI:
1.16 to 1.89; p = 0.002). No interaction was found between the revas-
cularization strategy and the CKD subgroup for any clinical outcome
(HR for all-cause death, MI and stroke comparing CABG vs. PCI in pa-
tients with CKD: 0.73; 95%Cl: 0.50 to 1.05; p for interaction = 0.83).3°
Recently, a pooled analysis of the Clinical Outcomes Utilizing Revascu-
larization and Aggressive Drug Evaluation (COURAGE), BARI 2D, and
FREEDOM trials compared outcomes of patients with DM and CKD fol-
lowing a revascularization procedure. A total of 1058 patients had
CKD (21.4% of the whole pooled population). CKD patients had a higher
probability of all-cause death, MI and stroke compared to patients with
normal renal function at 4.5 years (HR: 1.48; 95% Cl: 1.28 to 1.71; p =
0.0001) (Fig. 3). When comparing CABG vs. PCI in the CKD subgroup,
no interaction was found, although the point estimates tended to
favor CABG, particularly in patients with more advanced CKD, i.e. eGFR
<45 mL/min/1.73 m? (HR for all-cause death, MI and stroke: 0.68; 95%
Cl: 03910 1.19; p = 0.17).%7

Regarding left ventricular (LV) dysfunction, most revascularization
trials either excluded these patients or had a low representation of
them in their final population. In the FREEDOM trial, <2% of the patients
had a LV ejection fraction (LVEF) < 40% and no interaction was observed
in this subgroup regarding the incidence of major CVD events or all-
cause mortality both during the original and extended follow-up'3."#
A retrospective propensity-matched registry analysis from the province
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Fig. 3. Patients with diabetes and chronic kidney disease (CKD) are more likely to
experience a major adverse cardiovascular or cerebrovascular event (MACCE, the
composite of all-cause mortality, myocardial infarction or stroke) compared to patients
with DM but without CKD. This holds true both for patients with mild (eGFR between
45 and 60 mL/min/1.73 m?) and moderate to severe (eGFR <45 mL/min/1.73 m?) renal
dysfunction. Data from a pooled analysis of the patients with diabetes in the COURAGE,
BARI-2D, and FREEDOM trials (trial acronyms in the text). eGFR: estimated glomerular
filtration rate.

Extracted from reference.’

of Alberta, Canada combined all revascularization procedures per-
formed in patients with DM, MVD and LV dysfunction from 2004 to
2016 (n = 1738). A total of 56% of the patients had LVEF between 35%
and 49%, the remaining having LVEF lower than 35%. When compared
to CABG, PCI was associated with higher rates of MACCE (all-cause
death, MI, stroke and repeat revascularization) in both LVEF strata
over a mean follow-up of 50 months (HR: 1.97; 95%CI 1.64 to 2.35, p <
0.001 for LVEF between 35% and 49% and HR: 2.28; 95%CI: 1.79 to
2.90, p < 0.001 for LVEF<35%). PCI was also associated with increased
all-cause mortality (HR: 1.34; 95%CI: 1.07 to 1.68, p = 0.001for LVEF be-
tween 35% and 49% and HR: 1.62; 95%CI: 1.20 to 2.22, p = 0.002 for
LVEF<35%), with similar rates of stroke compared to CABG.>®

Acute coronary syndromes

Most of the evidence concerning the choice of the optimal revascu-
larization strategy in patients with DM was obtained from patients
with SIHD, and few studies have focused in patients with an ACS.° Con-
sequently, only one-third of the patients with DM and MVD in the
United States undergo CABG following a non-ST segment elevation
MIL“° In the FREEDOM trial, approximately 30% of the patients had a re-
cent ACS preceding enrollment and outcomes were similar in this group
compared to the overall population.'® A sub-analysis of the Acute Cath-
eterization and Early Intervention Triage Strategy (ACUITY) trial includ-
ing 326 propensity-matched patients with DM, MVD and a non ST-
segment elevation ACS reported lower 1-year rates of all-cause death,
MI and ischemia-driven repeat revascularization with CABG compared
to PCI (17.3% vs. 30.1%, p = 0.01), mainly driven by reductions in repeat
revascularization.*! The best evidence currently available in the ACS set-
ting is a large observational registry-based analysis, pooling all revascu-
larization procedures in the province of British Columbia, Canada from
2007 to 2014. Among 2947 patients with DM, MVD and ACS, CABG,
compared to PCI, was associated with lower 30-day rates of the
MACCE composite of all-cause death, MI and stroke (4.3% vs. 8.2%, p <
0.01) and MI (1.8% vs. 6.1%, p < 0.01), with a small absolute increase
in the stroke rates (1.6% vs. 0.8%, p = 0.04). In the long-term follow-
up between 31 days and 5 years, CABG led to lower rates of MACCE
(20.8% vs. 33.4%; p < 0.01), all-cause death (12.4% vs. 22.3%; p < 0.01),
MI (9.9% vs. 17.6%, p < 0.01) and similar rates of stroke (6.2% vs. 5.8%,
p = 0.97).*? A randomized clinical trial in the ACS setting is urgently
needed.”

Left main disease

The treatment of left main disease with either CABG or PCI has been
evaluated in recent clinical trials, enrolling different proportions of pa-
tients with DM. Importantly, left main disease was an exclusion crite-
rion for the FREEDOM trial.'® In a pooled analysis of the SYNTAX and
PRECOMBAT trials, including all patients with left-main disease (n =
1305), CABG compared to PCI led to lower 5-year rates of all-cause
death, stroke, MI or repeat revascularization (23.0% vs. 28.3%; p =
0.045), mainly driven by reductions in repeat revascularization (10.8%
vs. 19.5%; p < 0.001). No interaction was observed in the subgroup
with DM (28% of the whole population, p for interaction = 0.38).%
The Nordic-Baltic-British left main revascularization (NOBLE) study
randomized 1201 patients with left main disease, 15% of them with
DM, to undergo either CABG or PCI. In the overall population, CABG
was superior to PCI in reducing the primary outcome of all-cause mor-
tality, MI, stroke, and repeat revascularization at 5 years (18% vs. 28%,
p = 0.0044).%

The Evaluation of XIENCE versus Coronary Artery Bypass Surgery for
Effectiveness of Left Main Revascularization (EXCEL) trial randomized
1905 patients with left main disease with low or intermediate
SYNTAX score to revascularization with either CABG or PCI with
second-generation DES. PCI was noninferior to CABG regarding the inci-
dence of the primary outcome, a composite of all-cause death, stroke



362 L.C. Godoy et al. / Progress in Cardiovascular Diseases 62 (2019) 358-363

30 4
HR:1.03 (95% CI: 0.71-1.50, P = 0.87)
3 25
< 20.7%
= 20 e
s 19.3%
£ 15
e
&
= 10
"
@
8 5
O E T - T T b T T T
0 6 12 18 24 30 36

Time (Months)
Number at risk:
PCl 286 262 253 240 226 220 213
CABG 268 225 223 218 214 209 205

Fig. 4. Composite of all-cause mortality, stroke, and myocardial infarction (MI) for patients
with diabetes and left main disease undergoing CABG (red line) vs. PCI (blue line) in the
Evaluation of XIENCE versus Coronary Artery Bypass Surgery for Effectiveness of Left
Main Revascularization (EXCEL) trial. CABG: coronary artery bypass grafting. PCI:
percutaneous coronary intervention.
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and MI at 3 years (15.4% vs. 14.7%, noninferiority p-value = 0.02).4°

Randomization was stratified according to the presence of DM (approx-
imately 30% of the trial population) and results in this subgroup were
recently reported.*” Relative to patients without DM, DM was associ-
ated with a higher 3-year incidence of the primary outcome (20.0% vs.
12.9%; p<0.001), and no interaction between revascularization strategy
and DM was observed (PCI vs. CABG HR for the primary outcome in the
subgroup with DM: 1.03; 95%CI: 0.71 to 1.50; p = 0.87; p for interac-
tion: 0.82) (Fig. 4). In this analysis, patients with DM, left main disease
and an intermediate SYNTAX score had a lower risk of all-cause death
when undergoing CABG compared to PCI (9.6% vs. 19.6%, p = 0.04).
This was not observed in patients with low SYNTAX score, although
no formal interaction was present (p for interaction = 0.32). In the pre-
viously mentioned meta-analysis by Head, no difference in 5-year mor-
tality rate was observed in 1120 patients with DM and left main disease
undergoing either CABG or PCI (13.4% vs. 16.5%; HR: 1.34; 95%Cl: 0.93 to
1.91; p = 0.11).2° Caution is advised when interpreting these results,
since patient selection, differences in outcome definitions and assess-
ment among trials and statistical power of subgroup analyses may
lead to bias.® It is possible that DM would not be a good discriminator
for choosing the best revascularization strategy in patients with left
main disease, especially in the absence of concomitant MVD, but this
hypothesis still needs to be tested in dedicated trials.*

Conclusions

For most patients with DM and MVD, CABG is the revascularization
strategy of choice, as demonstrated in several studies. The best ap-
proach in specific situations, such as patients with an ACS or left main
disease, is still controversial and the available evidence, mostly non-
randomized, is not conclusive. Particularly in these cases, a thorough
discussion with the Heart Team, considering also comorbidities, coro-
nary anatomy complexity, and patient preferences, is key for individual-
izing the decision-making process regarding the optimal strategy for
coronary revascularization.

Declaration of Competing Interest

None.

References

1. International diabetes federation. IDF Diabetes Atlas8th ed. ; 2017. Available at,
https://www.diabetesatlas.org/.

2. Bauters C, Lemesle G, de Groote P, Lamblin N. A systematic review and meta-
regression of temporal trends in the excess mortality associated with diabetes
mellitus after myocardial infarction. Int J Cardiol 2016;217:109-121.

3. The BARI Investigators. The final 10-year follow-up results from the BARI random-
ized trial. ] Am Coll Cardiol 2007;49:1600-1606.

4. Donahoe SM, Stewart GC, McCabe CH, et al. Diabetes and mortality following acute
coronary syndromes. Jama 2007;298:765-775.

5. The BARI Investigators. Influence of diabetes on 5-year mortality and morbidity in a
randomized trial comparing CABG and PTCA in patients with multivessel disease: the
Bypass Angioplasty Revascularization investigation (BARI). Circulation 1997;96:
1761-1769.

6. The BARI Investigators. Comparison of coronary bypass surgery with angioplasty in
patients with multivessel disease. N Engl ] Med 1996;335:217-225.

7. Frye RL, August P, Brooks MM, et al. A randomized trial of therapies for type 2 diabe-
tes and coronary artery disease. N Engl ] Med 2009;360:2503-2515.

8. Serruys PW, Morice MC, Kappetein AP, et al. Percutaneous coronary intervention ver-
sus coronary-artery bypass grafting for severe coronary artery disease. N Engl ] Med
2009;360:961-972.

9. Banning AP, Westaby S, Morice MC, et al. Diabetic and nondiabetic patients with
left main and/or 3-vessel coronary artery disease: comparison of outcomes with
cardiac surgery and paclitaxel-eluting stents. ] Am Coll Cardiol 2010;55:1067-
1075.

10. Kappetein AP, Head SJ, Morice MC, et al. Treatment of complex coronary artery dis-
ease in patients with diabetes: 5-year results comparing outcomes of bypass surgery
and percutaneous coronary intervention in the SYNTAX trial. Eur J Cardiothorac Surg
2013;43:1006-1013.

11. Kapur A, Hall R, Malik IS, et al. Randomized comparison of percutaneous coronary in-
tervention with coronary artery bypass grafting in diabetic patients. 1-year results of
the CARDia (Coronary Artery Revascularization in Diabetes) trial. ] Am Coll Cardiol
2010;55:432-440.

12. Kamalesh M, Sharp TG, Tang XC, et al. Percutaneous coronary intervention versus
coronary bypass surgery in United States veterans with diabetes. ] Am Coll Cardiol
2013;61:808-816.

13. Farkouh ME, Domanski M, Sleeper LA, et al. Strategies for multivessel revasculariza-
tion in patients with diabetes. N Engl ] Med 2012;367:2375-2384.

14. Farkouh ME, Domanski M, Dangas GD, et al. Long-term survival following multivessel
revascularization in patients with diabetes: the FREEDOM follow-on study. ] Am Coll
Cardiol 2019;73:629-638.

15. Esper RB, Farkouh ME, Ribeiro EE, et al. SYNTAX score in patients with diabetes un-
dergoing coronary revascularization in the FREEDOM trial. ] Am Coll Cardiol
2018;72:2826-2837.

16. Neumann FJ, Sousa-Uva M, Ahlsson A, et al. ESC/EACTS guidelines on myocardial re-
vascularization. Eur Heart ] 2018;2019(40):87-165.

17. Patel MR, Calhoon JH, Dehmer G]J, et al. Appropriate use criteria for coronary revascu-
larization in patients with stable ischemic heart disease. ] Am Coll Cardiol 2017;69:
2212-2241.

18. Cavalcante R, Sotomi Y, Mancone M, et al. Impact of the SYNTAX scores I and Il in pa-
tients with diabetes and multivessel coronary disease: a pooled analysis of patient
level data from the SYNTAX, PRECOMBAT, and BEST trials. Eur Heart ] 2017;38:
1969-1977.

19. Doenst T, Haverich A, Serruys P, et al. PCI and CABG for treating stable coronary
artery disease: JACC review topic of the week. ] Am Coll Cardiol 2019;73:964-
976.

20. Head SJ, Milojevic M, Daemen ], et al. Mortality after coronary artery bypass grafting
versus percutaneous coronary intervention with stenting for coronary artery disease:
a pooled analysis of individual patient data. Lancet 2018;391:939-948.

21. Head SJ, Milojevic M, Daemen ], et al. Stroke rates following surgical versus percuta-
neous coronary revascularization. ] Am Coll Cardiol 2018;72:386-398.

22. Farkouh ME, Godoy LC. Lifestyle interventions in diabetes and coronary disease. A
Timely Reminder 2019;73:2059-2061.

23. Bittner V, Bertolet M, Barraza Felix R, et al. Comprehensive cardiovascular risk factor
control improves survival: the BARI 2D trial. ] Am Coll Cardiol 2015;66:765-773.

24. Mancini GBJ, Maron DJ, Hartigan PM, et al. Lifestyle, glycosylated hemoglobin Alc,
and survival among patients with stable ischemic heart disease and diabetes. ] Am
Coll Cardiol 2019;73:2049-2058.

25. Cardiovascular disease and risk management: American Diabetes Association Stan-
dards of Medical Care in Diabetes—2019Diabetes Care 2019;42:5103-S123.

26. Farkouh ME, Boden WE, Bittner V, et al. Risk factor control for coronary artery disease
secondary prevention in large randomized trials. ] Am Coll Cardiol 2013;61:1607-
1615.

27. Pinho-Gomes A-C, Azevedo L, Ahn J-M, et al. Compliance with guideline-directed
medical therapy in contemporary coronary revascularization trials. ] Am Coll Cardiol
2018;71:591-602.

28. Guandalini GS, Bangalore S. The potential effects of new stent platforms for coronary
revascularization in patients with diabetes. Can ] Cardiol 2018;34:653-664.

29. Domanski M], Farkouh ME. Type 1 diabetes, coronary disease complexity, and opti-
mal revascularization strategy. ] Am Coll Cardiol 2017;70:1452-1454.

30. Bangalore S, Kumar S, Fusaro M, et al. Outcomes with various drug eluting or bare
metal stents in patients with diabetes mellitus: mixed treatment comparison analysis
of 22,844 patient years of follow-up from randomised trials. BMJ 2012;345:e5170.

31. Kaul U, Bangalore S, Seth A, et al. Paclitaxel-eluting versus everolimus-eluting coro-
nary stents in diabetes. N Engl ] Med 2015;373:1709-1719.

32. Bangalore S, Toklu B, Feit F. Outcomes with coronary artery bypass graft surgery ver-
sus percutaneous coronary intervention for patients with diabetes mellitus: can
newer generation drug-eluting stents bridge the gap? Circ Cardiovasc Interv
2014;7:518-525.


https://www.diabetesatlas.org/
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0010
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0010
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0010
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0015
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0015
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0020
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0020
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0025
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0025
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0025
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0025
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0030
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0030
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0035
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0035
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0040
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0040
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0040
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0045
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0045
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0045
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0045
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0050
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0050
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0050
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0050
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0055
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0055
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0055
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0055
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0060
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0060
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0060
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0065
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0065
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0070
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0070
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0070
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0075
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0075
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0075
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0080
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0080
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0085
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0085
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0085
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0090
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0090
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0090
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0090
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0095
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0095
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0095
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0100
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0100
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0100
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0105
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0105
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0110
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0110
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0115
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0115
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0120
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0120
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0120
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0125
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0125
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0130
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0130
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0130
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0135
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0135
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0135
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0140
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0140
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0145
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0145
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0150
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0150
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0150
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0155
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0155
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0160
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0160
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0160
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0160

33.

34.

35.

36.

37.

38.

39.

40.

L.C. Godoy et al. / Progress in Cardiovascular Diseases 62 (2019) 358-363

Bangalore S, Guo Y, Samadashvili Z, Blecker S, Xu J, Hannan EL. Everolimus eluting
stents versus coronary artery bypass graft surgery for patients with diabetes mellitus
and multivessel disease. Circ Cardiovasc Interv 2015;8, e002626.

Park SJ, Ahn JM, Kim YH, et al. Trial of everolimus-eluting stents or bypass surgery for
coronary disease. N Engl ] Med 2015;372:1204-1212.

Chivasso P, Benedetto U. Coronary surgery in elderly: it is never too late. ] Thorac Dis
2016:E1641-e1643.

Baber U, Farkouh ME, Arbel Y, et al. Comparative efficacy of coronary artery bypass
surgery vs. percutaneous coronary intervention in patients with diabetes and
multivessel coronary artery disease with or without chronic kidney disease. Eur
Heart | 2016;37:3440-3447.

Farkouh ME, Sidhu MS, Brooks MM, et al. Impact of chronic kidney disease on out-
comes of myocardial revascularization in patients with diabetes. ] Am Coll Cardiol
2019;73:400-411.

Nagendran J, Bozso SJ, Norris CM, et al. Coronary artery bypass surgery improves out-
comes in patients with diabetes and left ventricular dysfunction. ] Am Coll Cardiol
2018;71:819-827.

Chang M, Lee CW, Ahn JM, et al. Comparison of outcome of coronary artery bypass
grafting versus drug-eluting stent implantation for non-ST-elevation acute coronary
syndrome. Am | Cardiol 2017;120:380-386.

Pandey A, McGuire DK, de Lemos JA, et al. Revascularization trends in patients with
diabetes mellitus and multivessel coronary artery disease presenting with non-ST el-
evation myocardial infarction: insights from the National cardiovascular data registry
acute coronary treatment and intervention outcomes network registry-get with the
guidelines (NCDR ACTION registry-GWTG). Circ Cardiovasc Qual Outcomes 2016;9:
197-205.

41.

42.

43.

45.

46.

47.

48.

49.

363

Ben-Gal Y, Mohr R, Feit F, et al. Surgical versus percutaneous coronary revasculariza-
tion for multivessel disease in diabetic patients with non-ST-segment-elevation acute
coronary syndrome: analysis from the Acute Catheterization and Early Intervention
Triage Strategy trial. Circ Cardiovasc Interv 2015;8.

Ramanathan K, Abel JG, Park JE, et al. Surgical versus percutaneous coronary revascu-
larization in patients with diabetes and acute coronary syndromes. ] Am Coll Cardiol
2017;70:2995-3006.

Bangalore S, Bhatt DL. Do we need a trial of DES versus CABG surgery in diabetic pa-
tients with ACS? ] Am Coll Cardiol 2017;70:3007-3009.

. Cavalcante R, Sotomi Y, Lee CW, et al. Outcomes after percutaneous coronary inter-

vention or bypass surgery in patients with unprotected left main disease. ] Am Coll
Cardiol 2016;68:999-1009.

Madkikallio T, Holm NR, Lindsay M, et al. Percutaneous coronary angioplasty versus
coronary artery bypass grafting in treatment of unprotected left main stenosis
(NOBLE): a prospective, randomised, open-label, non-inferiority trial. Lancet
2016;388:2743-2752.

Stone GW, Sabik JF, Serruys PW, et al. Everolimus-eluting stents or bypass
surgery for left main coronary artery disease. N Engl ] Med 2016;375:2223-
2235.

Milojevic M, Serruys PW, Sabik 3rd JF, et al. Bypass surgery or stenting for left main
coronary artery disease in patients with diabetes. ] Am Coll Cardiol 2019;73:1616-
1628.

Ruel M, Falk V, Farkouh ME, et al. Myocardial revascularization trials. Circulation
2018;138:2943-2951.

Park SJ, Park DW. Diabetes in myocardial revascularization for left main coronary ar-
tery disease: predictor or decision maker? ] Am Coll Cardiol 2019;73:1629-1632.


http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0165
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0165
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0165
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0170
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0170
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0175
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0175
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0180
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0180
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0180
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0180
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0185
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0185
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0185
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0190
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0190
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0190
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0195
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0195
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0195
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0200
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0200
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0200
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0200
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0200
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0200
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0205
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0205
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0205
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0205
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0210
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0210
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0210
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0215
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0215
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0220
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0220
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0220
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0225
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0225
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0225
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0225
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0230
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0230
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0230
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0235
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0235
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0235
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0240
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0240
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0245
http://refhub.elsevier.com/S0033-0620(19)30101-X/rf0245

	The role of coronary artery bypass surgery versus percutaneous intervention in patients with diabetes and coronary artery d...
	Introduction
	Main clinical evidence
	New-generation stents
	Challenging sub groups
	Comorbidities
	Acute coronary syndromes
	Left main disease

	Conclusions
	References


