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coronary artery bypass grafting with pure
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Abstract

Background: The effect of diabetes mellitus (DM) on the long-term outcomes of coronary artery bypass graft (CABG)
remained debatable and various strategies exist for CABG; hence, clarifying the effects of DM on CABG outcomes is
difficult. The current study aimed to evaluate the effect of DM on clinical and graft-related outcomes after CABG with
bilateral internal thoracic artery (BITA) grafts.

Methods: From January 2001 to December 2017, 3395 patients who underwent off-pump CABG (OPCAB) with BITA
grafts were enrolled. The study population was stratified according to preoperative DM. The primary endpoint was
cardiac death and the secondary endpoints were myocardial infarction (M), revascularization, graft failure, stroke,
postoperative wound infection, and a composite endpoint of cardiac death, MI, and revascularization. Multiple sen-
sitivity analyses, including Cox proportional hazard regression and propensity-score matching analyses, were per-
formed to adjust baseline differences.

Results: After CABG, the DM group showed similar rates of cardiac death, MI, or revascularization and lower rates of
graft failure at 10 years (DM vs. non-DM, 19.0% vs. 24.3%, hazard ratio [HR] 0.711, 95% confidence interval [Cl] 0.549—
0.925; P=10.009) compared to the non-DM group. These findings were consistent after multiple sensitivity analyses.
In the subgroup analysis, the well-controlled DM group, which is defined as preoperative hemoglobin ATc (HbA1c)
of < 7%, showed lower postoperative wound infection rates (well-controlled DM vs. poorly controlled DM, 3.7% vs.
7.3%, HR 0.411,95% Cl 0.225-0.751; P=0.004) compared to the poorly controlled DM group, which was consistent
after propensity-score matched analysis.

Conclusions: OPCAB with BITA grafts showed excellent and comparable long-term clinical outcomes in patients
with and without DM. DM might have a protective effect on competition and graft failure of ITA. Strict preoperative
hyperglycemia control with target HbA1c of < 7% might reduce postoperative wound infection and facilitate the use
of BITA in CABG.
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Background

Coronary artery bypass graft (CABG) is the recom-
mended treatment for revascularization in patients with
diabetes mellitus (DM) and coronary artery disease
(CAD), especially in three-vessel diseases [1]. However,
DM could worsen the prognosis after CABG because
it frequently involves diffuse CAD that involves the left
main, multi-vessel, or smaller vessels [2] and has higher
chances of recurrent myocardial infarction (MI) and
other comorbidities postoperatively [3, 4]. Additionally,
the effect of DM on the long-term outcomes of CABG
remained debatable based on published studies so far
[5-9].

Importantly, various strategies exist for CABG, and
when these are mixed in the same study, clarifying the
effects of DM on CABG outcomes becomes difficult [5—
7, 9]. Particularly, regarding graft selection, a wide vari-
ety of graft selection strategies exist in previous studies
although internal thoracic artery (ITA) is proven patent
in the long-term and is the graft choice for left anterior
descending artery anastomosis [5-9]. Additionally, off-
pump CABG (OPCAB) might remove the detrimental
effects of cardiopulmonary bypass; however, a great deal
of variability related to use of cardiopulmonary bypass
exists for each center [5, 7]. Therefore, this study aimed
to determine the effects of DM on patients who under-
went OPCAB using bilateral ITA (BITA) grafts only.

Postoperative sternal wound infection is one of the
most worrisome complications after CABG using BITA.
Preoperative hemoglobin Alc (HbAlc) has been studied
as a prognostic factor for postoperative wound infec-
tion in patients with DM who underwent cardiac surgery
[10, 11]. The effect of HbAlc on postoperative morbidi-
ties, including mediastinal wound infection, was tried to
define in this homogenous cohort.

Methods
Study design and populations
This retrospective and the observational study included
6691 consecutive patients who underwent CABG using
BITA in a single large tertiary center from January 2001
to December 2017. Patients younger than 18 years
(n=14), with missing angiographical data (n=40), who
underwent CABG other than BITA grafts (n=1916),
on-pump CABG (n=781), concomitant heart surgery
(n=456), and had previous CABG history (n=_89) were
excluded (Fig. 1). Patients were divided into two groups,
the non-DM and DM groups. Patients in the DM group
were divided into two subgroups, namely, the well-con-
trolled (preoperative HbAlc of<7%) and poorly con-
trolled DM groups (HbAlc of >7%) [12].

The Institutional Review Board of Samsung Medi-
cal Center approved this study (SMC 2021-11-157, date
of approval: December 1, 2021), which waived informed
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Fig. 1 Study flow diagram. A total of 3395 patients who underwent OPCAB with a bilateral internal thoracic artery in a single tertiary center were
enrolled. Patients were divided into non-DM and DM groups. Patients in the DM group were divided into well-controlled (HbA1c < 7%) and poorly
controlled DM groups (HbA1c > 7%). OPCAB indicates off-pump coronary artery bypass graft; DM: diabetes mellitus; HbA1c: hemoglobin Alc
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consent from individual patients because this retrospec-
tive study poses minimal risk for patients.

Data collection and clinical follow-up

The baseline demographic, echocardiographic, labora-
tory, and follow-up clinical outcomes were retrospec-
tively collected through medical record review. Extracted
data were revalidated by our research coordinators and
physicians for clarity.

The primary endpoint was cardiac death at 10 years
postoperative and the secondary endpoints included
MI, revascularization, graft failure, stroke, postopera-
tive wound infection, and major adverse cardiovascular
events (MACE; a composite endpoint of cardiac death,
MI, and revascularization). The mean clinical outcome
follow-up duration was 4.01 years. The mortality data for
patients who were lost to follow-up were confirmed using
the National Death Records. MI was defined as elevated
cardiac troponin or myocardial band fraction of creatine
kinase that is greater than the upper reference limit with
concomitant ischemic symptoms or electrocardiogra-
phy findings indicative of ischemia. Left ventricular dys-
function was classified as follow: normal (left ventricular
ejection fraction more than 50%); mild dysfunction (left
ventricular ejection fraction 40% to 49%);> moderate
dysfunction (left ventricular ejection fraction less than
40%). Graft patency was assessed using coronary com-
puted tomography angiography or invasive coronary
angiography, according to operator discretion (Addi-
tional file 1: Table S1). Grafts were evaluated following
the FitzGibbon A, B, and O classification and interpreted
by an independent cardiology expert who was blinded to
treatment strategy. Postoperative early clinical outcomes
included clinical outcomes within 30 days of the surgery.
Outcome variables were defined according to the defini-
tion of the Society of Thoracic Surgeons Adult Cardiac
Surgery Database version 4.20 [13].

Surgical procedure and perioperative management

The surgical technique for OPCAB was performed fol-
lowing relevant standard guidelines [1, 14]. and described
in our earlier report in detail [15]. BITA was prepared
using the skeletonization technique. After opening the
pericardium, the right ITA was anastomosed to the left
side of the left ITA as a Y-composite graft. Achieving
complete revascularization of all vessels with a 1-mm
or larger diameter and 50% or more angiographic diam-
eter stenosis was intended in all patients. The left ITA
was first anastomosed to the left anterior descending
artery and its branches, and the right ITA was sequen-
tially anastomosed to branches of the circumflex artery.
The right coronary territory was revascularized last. The
quality of the anastomosis was assessed by transit-time
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flow measurement with a Transsonic Flowmeter (Tran-
sonic Systems, Ithaca, NY).

Strict glycemic control before, during, and after the
surgery has been implemented under standard institu-
tional protocols. Target blood glucose control in patients
with DM was set to <180 mg/dL [12, 16] by intermittent
regular insulin injection (Humulin; Eli Lilly and Com-
pany, Indianapolis, Ind) intraoperatively and continuous
regular insulin infusion postoperatively in the intensive
care unit (ICU). Blood glucose level was measured every
1 h in the operative room and every 4 h in the ICU. If the
ideal glycemic control was not made, glucose concentra-
tion was checked at an interval of 2 h until the target level
was achieved in the ICU.

Guideline-directed medical therapy including a combi-
nation of antiplatelet agents, beta-blockers, statins, and
angiotensin-converting enzyme (ACE) inhibitors and/or
angiotensin receptor blockers (ARBs) was applied to all
patients undergoing CABG, unless contraindicated [1,
17].

Statistical analysis

Descriptive statistics for categorical variables were
reported as frequency and percentage, whereas continu-
ous variables were reported as mean 4 standard deviation
or median (range). Categorical variables were compared
between the groups using the x> test or Fisher’s exact test,
whereas continuous variables were compared using the
two-sample t-tests or the Wilcoxon rank-sum test. Con-
tinuous data were checked for distribution normality
using the Shapiro—Wilk test and graphical methods. The
cumulative incidence of clinical events is estimated using
a Fine—Gray model to account for the competing risk of
death from non-cardiovascular causes.

Multiple sensitivity analyses, including multivari-
able Cox proportional hazard regression and propen-
sity-score matched analyses, were performed to reduce
biased effects. The Cox proportional hazard regression
model considered variables that were significant in the
univariable analysis or clinically relevant in the multi-
variable analysis. Variables included age, sex, body mass
index, DM, HbAlc, an initial diagnosis of ischemic
heart disease, hypertension, dyslipidemia, smoking his-
tory, end-stage renal disease requiring dialysis, previous
cerebrovascular accident, abdominal aortic aneurysm,
peripheral arterial disease, chronic obstructive pulmo-
nary disease, peak troponin I, peak creatine kinase-MB,
glomerular filtration rate, ejection fraction, left ventricu-
lar dysfunction, 3 vessel disease, left main involvement,
and urgent surgery. The backward elimination method
was used for model selection in the multivariable analy-
sis. The results were reported as hazard ratio (HR) and
95% confidence interval (CI).
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Propensity-score analyses were used to adjust covari-
ate differences between the two groups. The variables
included in the propensity-score model were as follows:
age, sex, body mass index, angina, hypertension, dyslipi-
demia, previous stroke history, chronic kidney disease,
chronic obstructive pulmonary disease, smoking his-
tory, left ventricular dysfunction, preoperative significant
mitral valve regurgitation, urgent surgery, the number of
anastomoses, and the number of diseased coronary arter-
ies. A total of 1393 patients in the non-DM group and
1393 patients in the DM group were matched in a 1:1
manner using nearest-neighbor matching. Additionally,
for subgroup analysis, a total of 452 patients in the well-
controlled DM group and 452 patients in the poorly con-
trolled DM group were matched in a 1:1 manner using
nearest-neighbor matching. The balance between the
two groups after propensity-score matching was assessed
by calculating the standardized mean difference (SMD)
between selected variables, with an SMD 0f<0.20 sug-
gesting an appropriate balance (Additional file 2: Fig. S1,
Additional file 1: Tables S2 and S3).

All statistical tests were two-sided, with an alpha level
of 0.05. Statistical analysis was performed using Statis-
tical Package for the Social Sciences software (version
25.0, SPSS, Chicago, IL, USA) and R statistical software
(version 4.0.2; R Foundation of Statistical Computing,
Vienna, Austria).

Results

Baseline characteristics

A total of 3395 patients underwent CABG during the
study period, including 1511 (44.5%) patients with DM
and 1884 (55.4%) patients without DM (Fig. 1). The
mean age of the patients was 63.3 years and 2619 (77.2%)
patients were males. Additionally, 1898 (55.9%) patients
had acute coronary syndrome, and 683 (20.1%) had left
ventricular dysfunction. The mean number of anasto-
mosis during CABG was 3.97 and postoperative guide-
line-directed medications, including aspirin, P2Y12
inhibitors, beta-blockers, ACE inhibitors or ARB, and
statins were prescribed in 3300 (97.2%), 2046 (60.2%),
2530 (74.5%), 999 (29.4%), and 2721 (80.1%) patients,
respectively.

Patients with DM were older (64.16 vyears vs.
62.62 years, P<0.001) and more likely to have hyper-
tension, smoking history, an end-stage renal disease
requiring dialysis, previous cerebrovascular accident,
abdominal aortic aneurysm, and peripheral arterial dis-
ease compared to patients without DM (Table 1). Addi-
tionally, patients with DM had a higher proportion of
left ventricular dysfunction (25% vs. 16%, P<0.001) and
three-vessel diseases (75.6% vs. 64.8%, P<0.001) and a
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bigger number of anastomosis (4.10 vs. 3.87, P<0.001)
during CABG than those without DM.

Clinical outcomes

Incidences of postoperative mortality, bleeding requiring
reoperation, and graft-related reoperation were 0.32%,
1.08%, and 0.38%, respectively. The DM group had higher
rates of acute kidney injury (8.57% vs. 3.83%, P<0.001),
wound infection (5.69% vs. 1.70%, P<0.001), and
repeated wound infection (1.0% vs. 0.4%, P=0.043) than
in the non-DM group in the early postoperative period
(Table 2).

In the long-term, no differences were found in the rates
of cardiac death, MI, repeat revascularization, stroke, and
MACE between the DM and non-DM groups (Table 2).

Multivariable Cox proportional hazard models and
propensity-score matched analyses consistently showed
similar results for patients in both groups (Table 2, Figs. 2
and 3).

ITA graft outcomes

The mean time from surgery to graft failure was
2.60+2.99 years. Patients in the DM group had lower
rates of ITA graft failure (19.0% vs. 24.3%, HR=0.711,
P=0.009), ITA graft failure with FitzGibbon grade O
(16.6% vs. 21.7%, HR=0.695, P=0.010), and right ITA
graft failure (13.4% vs. 18.1%, HR=0.696, P=0.025).
Multivariable Cox proportional hazard models and pro-
pensity-score matched analyses consistently showed sim-
ilar results for patients in both groups (Table 2, Fig. 3A).

Subgroup analysis

Compared with patients with poorly controlled DM,
patients with well-controlled DM were older and more
likely to have hypertension, end-stage renal disease that
requires dialysis, and previous cerebrovascular accidents
(Table 3). However, no statistical differences were seen
between the two groups regarding preoperative echo-
cardiography, coronary angiography, and operative char-
acteristics. In the long-term, there were no differences
found in the rates of cardiac death, M], repeat revascular-
ization, stroke, and MACE between the well-controlled
DM and poorly controlled DM groups (Additional file 2:
Figs. S2 and S3). However, patients with well-controlled
DM had a lower proportion of postoperative wound
infection (3.7% vs. 7.3%, HR =2.064, 95% CI 1.210-2.521,
P=0.0007; Table 4). Multivariable Cox proportional
hazard models and propensity-score matched analyses
consistently showed similar results for patients in the
well-controlled and poorly controlled DM groups.
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Table 1 Baseline and operative characteristics between the non-DM and DM groups
Non-DM group DM group P-value
(n=1884) (n=1511)
Demographics
Age, years 62.62+10.29 64.16 £8.80 <0.001
Male sex 1505 (79.8%) 1114 (73.7%) <0.001
Body mass index, kg/m? 24.824+2.90 24.65+3.09 0.120
Cardiovascular risk factors
Hypertension 1081 (57.4%) 1090 (72.1%) <0.001
Dyslipidemia 546 (28.9%) 464 (30.7%) 0.291
Smoking history 649 (34.5%) 455 (30.1%) 0.008
End-stage renal disease requiring dialysis 30 (1.59%) 92 (6.1%) <0.001
Previous cerebrovascular accident 198 (10.5%) 246 (16.2%) <0.001
Abdominal aortic aneurysm 28 (1.5%) 4(0.2%) <0.001
Peripheral arterial disease 104 (5.5%) 127 (8.4%) 0.001
Chronic obstructive pulmonary disease 46 (2.4%) 27 (1.8%) 0.235
NYHA functional class of > 3 126 (6.7%) 149 (9.8%) 0.001
CCS functional class of > 3 317 (16.8%) 265 (17.5%) 0616
Initial clinical presentation
Stable ischemic heart disease 829 (44.0%) 668 (44.2%) 0.300
Unstable angina 794 (42.1%) 608 (40.2%)
Acute myocardial infarction 261 (13.8%) 235 (15.6%)
Laboratory data
Peak troponin |, ng/mL 0.027 (0.006-0.15) 0.032 (0.007-0.18) 0.125
Peak CK-MB, ng/mL 1.19(0.65-2.13) 1.31(0.76-2.39) 0.002
Hemoglobin, g/dL 1349£1.67 12.66£1.85 <0.001
White blood cell count,/mm? 6.85+1.87 6.93+191 0.235
Creatinine, mg/dL 0.91(0.8-1.07) 0.99(0.82-1.22) <0.001
GFR< 60 mL/min/1.73m? 472 (25.1%) 619 (41.0%) <0.001
Total cholesterol, mg/dL 167.094+43.13 155.734+41.13 <0.001
Low-density lipoprotein, mg/dL 109.29 £40.62 97.29+36.60 <0.001
High-density lipoprotein, mg/dL 4349+11.06 41.09£10.60 <0.001
C-reactive protein, mg/dL 0.17 (0.06-0.52) 0.15 (0.06-0.51) 0493
Preoperative echography
Ejection fraction, % 5896+ 10.78 5646+ 1232 <0.001
Left ventricular dysfunction <0.001
Normal 1580 (83.8%) 1133 (74.9%)
Mild dysfunction 188 (9.9%) 198 (13.1%)
> Moderate dysfunction 116 (6.1%) 180 (11.9%)
MR more than mild 41 (2.2%) 39 (2.6%) 0.510
AR more than mild 7 (0.4%) 5(0.3%) >0.999
TR more than mild 16 (0.9%) 9 (0.6%) 0.511
Preoperative coronary angiography
Left main disease 504 (26.8%) 318 (21.1%) <0.001
3-vessel disease 1221 (64.8%) 1142 (75.6%) <0.001
2-vessel disease 634 (33.7%) 364 (24.1%) <0.001
1-vessel disease 29 (1.5%) 5(0.3%) 0.001
Operative characteristics
Type of surgery 0.169
Elective 1839 (97.6%) 1486 (98.4%)
Urgent 45 (2.4%) 25 (1.75%)
Number of anastomoses 3.87£1.07 41041.02 <0.001
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Table 1 (continued)
Non-DM group DM group P-value
(n=1884) (n=1511)
Graft
Left internal thoracic artery
In situ graft 1863 (98.9%) 1471 (97.4%) 0.001
Composite graft 65 (3.5%) 63 (4.2%) 0316
Free graft 10 (0.5%) 23 (1.5%) 0.006
Right internal thoracic artery
In situ graft 32 (1.7%) 29 (1.92%) 0.725
Composite graft 0.264
1 1756 (93.2%) 1387 (91.8%)
2 53 (2.8%) 55 (3.6%)
Free graft 63 (3.3%) 60 (4.0%) 0379
Medications

Aspirin 1879 (99.7%) 1500 (99.3%) 0.075
P2Y12 inhibitors* 111 (59.0%) 935 (61.9%) 0.104
Beta-blockers 1381 (73.3%) 1149 (76.0%) 0.075
ACE inhibitors or ARB 516 (27.4%) 483 (32.0%) 0.004
Statins 1507 (80.0%) 1214 (80.3%) 0.829

Data are expressed as number (%), median (interquartile range), or mean £ SD values

*P2Y12 inhibitors included clopidogrel, ticagrelor, and prasugrel

DM diabetes mellitus, NYHA New York Heart Association, CCS Canadian Cardiovascular Society Angina Score, CK-MB creatine kinase-MB, GFR glomerular filtration rate,
MR mitral regurgitation, AR aortic regurgitation, TR tricuspid regurgitation, ACE angiotensin-converting enzyme, ARB angiotensin receptor blocker

Multivariable analysis for outcomes

Preoperative dialysis (HR=2.256, 95% CI 1.223-4.161,
P=0.009) and glomerular filtration rate of<60 mL/
min/1.73 m? (HR =1.684, 95% CI 1.188-2.387, P=0.003)
were significant predictors of MACE in the multivari-
able analysis (Table 5). Additionally, age at operation
(HR=0.986, 95% CI 0.974-0.998, P=0.028) and DM
(HR=0.718, 95% CI 0.556-0.929, P=0.011) were prog-
nostic factors for postoperative graft failure. Female
sex (HR=0.359, 95% CI 0.241-0.510, P<0.001), DM
(HR=3.264, 95% CI 2.158-4.938, P<0.001), and HbAlc
of <7% (HR=0.333, 95% CI 0.219-0.505, P=0.001) were
significant prognostic factors for postoperative wound
infection.

Discussion
This study revealed the following key findings: (1) DM
had no significant impact on long-term clinical out-
comes, including cardiac death and MACE after OPCAB
with BITA, (2) patients with DM had lower rates of
postoperative graft failure compared to those without
DM, and (3) patients with well-controlled DM, which is
defined as preoperative HbAlc of <7%, had a lower pro-
portion of postoperative wound infection compared to
those with poorly controlled DM.

Patients with DM who undergo intervention for CAD
might have a poorer prognosis than those without DM,

although the impact of DM on long-term mortality
remained controversial [5, 6, 8, 18]. Patients with DM
have more left main or multi-vessel CAD with a diffuse
disease that involves smaller vessels [2], and they have a
greater atherosclerotic burden and increased number of
lipid-rich plaques, which are prone to rupture [19-21].
However, long-term survival and MACE between the
DM group and non-DM groups in this study were not
statistically different due to several reasons. First, CABG
might have a protective effect against recurrent MI in
patients with DM [22]. In complex CAD, the most com-
mon cause of mortality might be MI-related death [23],
which tends to cluster within the proximal third of major
coronary vessels [24]. CABG might provide the coverage
of anatomic zones at risk for MI [25] and have the effect
of preventing recurrent MI in patients with DM because
graft insertion sites seem to be consistently located distal
to acute thrombosis sites in patients with CABG.
Another important question is the influence of DM
on the long-term patency of ITA grafts. Raza et al. [26]
investigated postoperative angiograms quantifying
stenosis in ITA grafts in patients who underwent pri-
mary isolated CABG and found that DM did not influ-
ence the long-term patency of bypass grafts. Early ITA
graft patency was even better in patients with DM than
in those without DM in the same study [26]. Addition-
ally, Ralf et al. found that not having DM was a predictor



Page 7 of 13

(2022) 21:243

Park et al. Cardiovascular Diabetology

0 10 g apeib uoqqInzi4 se pauyap sem ain|iey yeub ‘utiaH “Buljjy 3seuod INOYHM
uoisn|>30 yeib [e30} Pa3edIpul O 9peIb UoqQIHZI4 ‘PIPNIIIO JOU ING %0S < SBM SISOUS)S elb JO JUSIXD Y3 3oy} pa3edipul g 9pelb uoqqinziid ‘sIsousls %05 > Yum Juated sem 1eib ay3 Jeys pajedipul y apelb uoqqiozid |

SIUIAS JO J2QUINU [|RWS B 0} SNP SSWODINO [ed1Ul]d |18 J0j pawIoyad JoU sem sisK[eue S|qeLeAl NN,
K1911e d1DRIOY) [RUIRIUL IYBU V1Y ‘A1S1Ie DIDRIOY) [BUISIUI Y3] V/1/7 ‘AIS1IR DIDRIOY} [BUISIUI V1] ‘FUSAS JBJNDSBACIPIRD 3SI9APE Jofew FDvy ‘D|qedljdde Jou v ‘|eAISiul 9DUSpYU0d [ ‘Ol3el piezey Yy ‘snijjdw sa1aqelp Wwa

S9)1eWI}S3 JAIBN-Ue|dey| Se pajuasaId Sem SUIAD JO DUIPIDUI AIRRINWIND *(%) SIQUINU se passaidxa aie eyeq

8€00 186'0-+05°0 €020 6¥00 666'0-8¢50 9¢L0 SC00 £56'0-£0S0 9690 %¥el) LS L8l SLL ain|iej yeib vy
GeC0 L61°1-9050 €40 18%'0 Y6C'1-6450 5980 JAT40) €61°1-¢€S0 620 (%9°2) 8¢ (9%9'8) 99 ain|iey eib i
1100 6160-1150 G890 900 966'0-8950 [47A0) 0L00 816'0-9¢S0 5690 (9%9°91) £ %L'12) 671 0 dpeib uoqqinzily
€80 086'L=LE¥0 60 [4°7A0) L6£'1=1S¥0 6680 9550 r9'L-L0¥ 0 €180 (%670 €1 (%0°€) TC g apeib uoqqinziy
€100 GE6'0-9€50 8040 SO0 ¥66'0-¢650 [9°0 6000 GC6'0-6¥50 VA (960°61) /8 Qev) TLL J2Injie yeib v
1834 (| 1B SSWODINO Paleal eI
9€C0 [¥0C-CE80 So€'L 0/1°0 CL1'¢=5480 09¢'L L€00 0cy'c-ce0’L 085°L (%8°2) 9% (%6S) T Mons
7080 SS¥'1-1SL°0 o'l 0790 LY L=¥6/0 180°L £8€0 9rS 1-9¥8°0 Lt (%9°¢1) 66 G6LL1) LL JOVN
S¥S0 (R4 7A0) LEL'L L8C0 8€8'L-8€80 Lyl 690 /85 1-€€L0 6,01 %8C1) LY (%9°6) 59 uolezile|ndsenal 1eaday
9660 1¢6'1-8¢50 8660 7650 LL0'1-5¥80 G180 980 L€6'1-185°0 090°L (%05) 61 (%97) L¢C uonDJIejul [eIpIed0AIN
G980 699’ L-¥¥50 7560 Lo YELL-1SY0 G880 9810 85€¢-8780 L0Y'L (%1°5) 0¢ (%¢7€) 0¢ Yiesp Selpied
183K 0| 1B S2WOINO [eDIUID
/910 9v/'S-5¢80 8L1C €v00 L199-€60'L 689°C (%01) SL (%v°0) £ U013ul pUNom pajeaday
1000> 650'5-9¢0C [{vas 1000> LTSylee 943 (9%£°5) 98 9L1) T€E UORd94Ul PUNOM
£500 9 EL-1vO'L 14743 1000 eV EC-6/6'1 L1189 (%9°1) 9L (%C0) € sisAlelg
1000 999°¢-cee’L L8] 1000> 8CCeLILLL ySET (9%98) 911 (%8°€) €9 Ainfur Asupry 31ndy
6660< £85°1-¢990 SOl G5€0 8¢8'L-8¢80 0gC’L (9£°€) 05 9L 1S uonejugy ety
1990 L8L'E1950 9¢e’L 4540 8'€-9%90 005'L (%80) ¢l (%5°0) 0L NN
VN VN VN VN VN VN (900) 0 ©%10)C UoIDIe)U! [eIPIEdOAIN
6660< 801l'¢-cce0 000'L 6660< 881¢-65€0 690'L (%¥0) 9 (%¥0) L uoiesadoal pajejal el
9/00 0€C'5—-¢86'0 99¢¢C LELO €9¢'C-6190 €81l (%C1) 8l %0°1) 61 uonessdoal buninbal buipass|g
7050 ¢S6'1=/£91°0 0/50 ¥92°0 0S¥'¢=60C0 910 (%€0) ¥ (%S0) £ Aujeniow Ajeg
(sited €6€1) 98/Z=N LISL=N ¥88L=N  (sAep 0g>) sauwodINO [ed1ulPd AlJe3
anjeA-4 1D %S6 HH anjeA-d 12 %S6 4H anjeA-d 1D %S6 HH
paydlew a103s-Ayisuadoid «p3isnfpe ajqeue. paisnfpeun dnoib na dnouib |Ng-uoN

W@ AneIadoaid 01 Buiplode SAW02IN0 9A1RISA0ISO4 T d|qeL



Park et al. Cardiovascular Diabetology ~ (2022) 21:243 Page 8 of 13

>
o

40% —

8
£
1

— DM group
— Non-DM group

— DM group
— Non-DM group

P=0.846

30

*
1
8
®
1

P=0.186

20% -

=]
£
1

10%

o
*
1

0% -

Cumulative incidence of Cardiac Death
3
*
1
Cumulative incidence of Myocardial Infarction

o Time after the Operation (years)

DM group: 1511 739 537 377 253 144 Number at risk

) DM group: 1511 734 532 368 245 138
S e e . . - Non-DM group: 1884 1014 764 562 375 261

Time after the Operation (years)

(2}

Cumulative incidence of Repeat Revascularization
S
2
1
O
Cumulative incidence of MACE
S
®
1

>
o
®
1
o
o
R
1

= DM group
_| = Non-DM group

P=0.692

— DM group
_| = Non-DM group

P=0.387

g
®
8
&

-

=)

®
1

0% -

o
b
1

T T T T T T T T T T T
0 2 4 6 8 10 0 2 K 6 8 10

Nirobie el el Time after the Operation (years) Number at risk Time after the Operation (years)

DM group: 1511 731 523 354 229 123 DM group: 1511 731 522 353 228 123
Non-DM group: 1884 1003 746 543 353 243 Non-DM group: 1884 1003 746 543 353 243
Fig. 2 Cumulative incidence curves for cardiac death (A), myocardial infarction (B), repeat revascularization (C), and MACE (D) according to DM.
Non-cardiac death was accounted as a competing event in the Fine-Gray model. MACE indicates major adverse cardiovascular and cerebrovascular
events; DM: diabetes mellitus

A B
4 40% - 40 % —
3
5 — DM group £ —— DM group
£30% Non-DM group § 30% - — Non-DM group
< P=0.009 P P=0.031
@ g
Q o g
£20% 520%
2 £
e @
210% - 310% -
3 £
g ¢ e
3
© 0% - 0% ==
T T T T T T I T T T I T
0 2 4 6 8 10 0 2 4 6 8 10
Number at risk Time after the Operation (years) Number at risk Time after the Operation (years)
DM group: 1511 495 302 181 101 60 DM group: 1511 709 507 345 231 129
Non-DM group: 1884 655 432 302 194 114 Non-DM group: 1884 990 748 539 357 256

Fig. 3 Cumulative incidence curves for graft failure (A) and stroke (B) according to DM. Non-cardiac death was accounted as a competing event in
the Fine-Gray model. DM indicates diabetes mellitus




Park et al. Cardiovascular Diabetology (2022) 21:243 Page 9 of 13
Table 3 Baseline and operative characteristics between well-controlled vs. poorly controlled DM groups
Variables Well-controlled Poorly-controlled P value
DM group (n=516) DM group (n=752)
Demographics
Age, years 66.07 £891 63471861 <0.001
Male sex 397 (76.94%) 549 (73.01%) 0.130
Body mass index, kg/m? 2456+3.10 24.7443.07 0322
Comorbidities
Hypertension 411 (79.7%) 521 (69.28%) <0.001
Dyslipidemia 156 (30.2%) 256 (34.04%) 0.173
Smoking history 142 (27.5%) 240 (31.91%) 0.107
End-stage renal disease requiring dialysis 42 (8.1%) 41 (5.45%) 0.074
Previous cerebrovascular accident 99 (19.2%) 109 (14.49%) 0.032
Abdominal aortic aneurysm 2 (0.4%) 1(0.13%) 0.743
Peripheral arterial disease 47 (9.1%) 62 (8.24%) 0.662
Chronic obstructive pulmonary disease 12 (2.3%) 12 (1.60%) 0.467
NYHA functional class of > 3 39 (7.6%) 72 (9.57%) 0.251
CCS functional class of > 3 58 (11.2%) 109 (14.49%) 0.110
Initial clinical presentation 0.699
Stable ischemic heart disease 223 (43.2%) 328 (43.6%)
Unstable angina 219 (42.4%) 305 (40.6%)
Acute myocardial infarction 74 (14.3%) 119 (15.82%)
Laboratory data
Peak troponin |, ng/mL 0.024 (0.006-0.18) 0.023 (0.006-0.18) 0.937
Peak CK-MB, ng/mL 1.35(0.79-2.7) 1.28 (0.75-2.27) 0.134
Hemoglobin, g/dL 1240£191 12.79+£1.86 <0.001
White blood cell count,/mm? 6.74+1.87 7.08+£191 0.002
Creatinine, mg/dL 1(0.82-1.26) 0.98(0.81-1.2) 0.053
GFR of <60 mL/min/1.73m? 234 (45.4%) 297 (39.49%) 0.044
Total cholesterol, mg/dL 149.804+39.56 156.794+42.59 0.004
Low-density lipoprotein, mg/dL 93.29+£36.34 971943697 0.083
High-density lipoprotein, mg/dL 41.64+10.66 41.07£10.58 0.385
C-reactive protein, mg/dL 0.14 (0.05-0.46) 0.15 (0.06-0.48) 0.485
Preoperative echography
Ejection fraction, % 5751+£12.06 56.28£1240 0.079
Left ventricular dysfunction 0.115
Normal 407 (78.9%) 555 (73.80%)
Mild dysfunction 56 (10.9%) 103 (13.70%)
> Moderate dysfunction 53 (10.3%) 94 (12.50%) 0.286
MR more than mild 16 (3.1%) 15 (1.99%)
AR more than mild 2 (0.4%) 2(0.27%) >0.999
TR more than mild 1(0.2%) 5 (0.66%) 0433
Preoperative coronary angiography
Left main disease 113 (21.9%) 152 (20.21%) 0512
3-vessel disease 406 (78.7%) 579 (76.99%) 0.522
2-vessel disease 108 (20.9%) 170 (22.61%) 0.522
1-vessel disease 2 (0.4%) 3 (0.40%) >0.999
Operative characteristics
Type of surgery 0913
Elective 509 (98.6%) 740 (98.40%)
Urgent 7 (1.4%) 12 (1.60%)
Number of anastomoses 4204098 4184101 0.673
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Table 3 (continued)
Variables Well-controlled Poorly-controlled P value
DM group (n=516) DM group (n=752)
Graft
Left internal thoracic artery
In situ graft 498 (96.5%) 736 (97.87%) 0.195
Composite graft 21 (4.1%) 33 (4.39%) 0.893
Free graft 9 (1.7%) 11 (1.46%) 0.868
Right internal thoracic artery
In situ graft 10 (1.9%) 10 (1.33%) 0.532
Composite graft 0403
1 472 (91.5%) 697 (92.69%)
2 20 (3.9%) 31 (4.12%)
Free graft 18 (3.5%) 22 (2.93%) 0.689
Medications
Aspirin 513 (99.4%) 746 (99.2%) 0.746
P2Y12 inhibitors* 379 (73.4%) 511 (68.0%) 0.039
Beta-blockers 413 (80.0%) 608 (80.9%) 0.719
ACE inhibitors or ARB 147 (28.5%) 232 (30.9%) 0382
Statins 416 (80.6%) 587 (78.1%) 0.292

Data are expressed as numbers (%), median (interquartile range), or mean £ SD values

*P2Y12 inhibitors included clopidogrel, ticagrelor, and prasugrel

DM diabetes mellitus, NYHA New York Heart Association, CCS Canadian Cardiovascular Society Angina Score, CK-MB creatine kinase-MB, GFR glomerular filtration rate,
MR mitral regurgitation, AR aortic regurgitation, TR tricuspid regurgitation, ACE angiotensin-converting enzyme, ARB angiotensin receptor blocker

of ITA graft failure and which might have been caused
by competitive flow in their well-designed study with
completed angiographic follow-up [27]. ITA grafts can
autoregulate depending on flow requirements; thus, they
may close due to competitive blood flow in the native
vessel, especially in patients without DM [28-30]. In
the current study, the non-DM group had higher rates
of graft failure than the DM group and most of the cases
were within the early phase, which is consistent with
previously described studies. We might infer that most
graft failures might have been caused by competition,
not by surgical occlusion or atherosclerosis from the
observation that most graft failures occurred in the early
phase, not in the immediate postoperative or late phase.
Additionally, most graft failures occurred in the form of
occlusion rather than stenosis, and in RITA rather than
in LITA, which might have a lower chance of competi-
tion due to the low number of anastomosis per graft [27]
compared to RITA. Severe stenotic coronary disease
in DM might have a protective effect on graft patency,
which might need further investigation. Fractional flow
reserve-guided CABG, which is now in practice at our
center, might avoid graft failure caused by competition
and enhance long-term outcomes, especially in patients
without DM [31, 32].

HbAlc, which reflects the mean glycemia over the
previous 8—12 weeks [33, 34], has been investigated as

a parameter exerting an adverse influence on outcomes
in patients with DM who underwent cardiac surgery [10,
11]. In this study, postoperative wound infection, which
is the major drawback of using bilateral ITA grafts for
CABG in patients with DM, was significantly lower in the
well-controlled DM group, although without differences
regarding cardiac mortality and MACE between the well-
controlled and poorly controlled DM groups. The preop-
erative strict control of hyperglycemia might lower the
incidence of postoperative wound infection and facilitate
the use of BITA when performing CABG.

The present study has the following limitations. First,
this is a retrospective study in a single tertiary center and
might have selection bias. Second, we did not routinely
perform invasive coronary angiography or coronary
computed tomography angiography after CABG and the
graft-related outcomes might be overestimated. Last, the
adherence of medical treatment was lower than expected
and not considered in the present analysis. However,
important strengths of our study include its large sample
size, homogeneous group using identical strategy in per-
forming CABG, and strict adjustment for confounding
factors using multiple sensitivity analysis.

In conclusion, OPCAB with BITA grafts showed
excellent and comparable long-term clinical outcomes
in patients with and without DM. DM might have a
protective effect on competition and graft failure of
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Table 5 Independent predictors of outcomes

Variable Multivariable-adjusted model
HR (95% ClI) P-value
MACE
Dialysis 2256 (1.223-4.161) 0.009
GFR of <60 mL/min/1.73 m? 1.684 (1.188-2.387) 0.003
DM 1.067 (0.794-1.432) 0.665
HbA1c level 0.912 (0.793-1.050) 0.201
HbATc level of < 7% 1.393 (0.914-2.121) 0.122
[TA graft failure
Age 0.986 (0.974-0.998) 0.028
DM 0.718 (0.556-0.929) 0.011
HbA1c level 0.940 (0.846-1.046) 0.259
Postoperative wound infection
Female sex 0.351(0.241-0.510) <0.001
DM 3.264 (2.158-4.938) <0.001
HbA1c of <7% 0.333(0.219-0.505) 0.001

HR hazard ratio, C/ confidence interval, MACE major adverse cardiovascular
event, GFR glomerular filtration rate, DM diabetes mellitus, HbA1c hemoglobin
A1, ITA internal thoracic artery

ITA, and strict preoperative control of hyperglycemia
with target HbAlc of<7% might reduce postopera-
tive wound infection and facilitate the use of BITA in
CABG.

Abbreviations

BITA: Bilateral internal thoracic artery; CABG: Coronary artery bypass grafting;
CAD: Coronary artery disease; HbA1c: Hemoglobin A1c; ITA: Internal thoracic
artery; ICU: Intensive care unit; DM: Diabetes mellitus; MI: Myocardial infarc-
tion; MACE: Major adverse cardiovascular events; OPCAB: Off-pump coronary
artery bypass grafting.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512933-022-01687-2.

Additional file 1: Table S1. Graft evaluation modalities after CABG
according to DM. Table S2. Baseline and operative characteristics in pro-
pensity-matched population between the Non-DM group and DM group.
Table S3. Baseline and operative characteristics in propensity-matched
population between the well-controlled vs. poorly controlled DM groups.

Additional file 2: Figure S1. Love plots for propensity score matching (A)
between DM and non-DM groups and (B) between well-controlled and
poorly controlled DM groups. Figure S2. Cumulative incidence curves

for cardiac death (A), myocardial infarction (B), repeat revascularization

(C), and MACE (D) according to preoperative HbA1c. Non-cardiac death
was accounted as a competing event in the Fine-Gray model. Figure S3.
Cumulative incidence curves for graft failure (A) and stroke (B) according
to preoperative HbA1c. Non-cardiac death was accounted as a competing
event in the Fine-Gray model.

Acknowledgements
Not applicable.

Page 12 of 13

Author contributions

IP contributed to data interpretation, drafted the manuscript and handled
the submission. KBC performed the analysis and drafted the manuscript.
JHA contributed to data handling, interpretation and critical revision of the
manuscript. WSK contributed to data collection and interpretation of the
manuscript. YTL contributed to data collection and interpretation of the
manuscript. DSJ contributed to data collection, handling, interpretation and
critical revision of the manuscript. All authors read and approved the final
manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The Institutional Review Board of Samsung Medical Center approved this
study (SMC 2021-11-157, date of approval: December 1,2021). The Insti-
tutional Review Board waived informed consent from individual patients
because this retrospective study poses minimal risk.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing financial interests.

Author details

'Department of Thoracic and Cardiovascular Surgery, Samsung Medi-

cal Center, Sungkyunkwan University School of Medicine, 81 Irwon-Ro,
Gangnam-Gu, Seoul 06351, Republic of Korea. ?Department of Cardiovascular
Surgery, Mayo Clinic, Rochester, Minnesota, USA. *Biostatistics and Clinical
Epidemiology Center, Samsung Medical Center, Sungkyunkwan University
School of Medicine, Seoul, Republic of Korea. *Department of Thoracic

and Cardiovascular Surgery, Incheon Sejong Hospital, Incheon, Gyeonggi-Do,
Republic of Korea.

Received: 28 July 2022 Accepted: 5 November 2022
Published online: 15 November 2022

References

1. Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto
U, et al. 2018 ESC/EACTS Guidelines on myocardial revascularization. Eur
Heart J. 2019;40(2):87-165.

2. Ledru F, Ducimetiere P, Battaglia S, Courbon D, Beverelli F, Guize L, et al.
New diagnostic criteria for diabetes and coronary artery disease: insights
from an angiographic study. J Am Coll Cardiol. 2001;37(6):1543-50.

3. Deedwania PC, Ahmed M|, Feller MA, Aban IB, Love TE, Pitt B, et al. Impact
of diabetes mellitus on outcomes in patients with acute myocardial
infarction and systolic heart failure. Eur J Heart Fail. 2011;13(5):551-9.

4. Johansson S, Rosengren A, Young K, Jennings E. Mortality and morbidity
trends after the first year in survivors of acute myocardial infarction: a
systematic review. BMC Cardiovasc Disord. 2017;17(1):53.

5. Mohammadi S, Dagenais F, Mathieu P, Kingma JG, Doyle D, Lopez S, et al.
Long-term impact of diabetes and its comorbidities in patients undergo-
ing isolated primary coronary artery bypass graft surgery. Circulation.
2007;116(11 Suppl):1220-5.

6. Kogan A, Ram E, Levin S, Fisman EZ, Tenenbaum A, Raanani E, et al.
Impact of type 2 diabetes mellitus on short- and long-term mortality
after coronary artery bypass surgery. Cardiovasc Diabetol. 2018;17(1):151.

7. Koshizaka M, Lopes RD, Reyes EM, Gibson CM, Schulte PJ, Hafley GE, et al.
Long-term clinical and angiographic outcomes in patients with diabetes
undergoing coronary artery bypass graft surgery: results from the Project


https://doi.org/10.1186/s12933-022-01687-2
https://doi.org/10.1186/s12933-022-01687-2

Park et al. Cardiovascular Diabetology (2022) 21:243

20.

21

22.

23.

24.

25.

26.

of Ex-vivo Vein Graft Engineering via transfection IV trial. Am Heart J.
2015;169(1):175-84.

Onuma Y, Wykrzykowska JJ, Garg S, Vranckx P, Serruys PW, Arts |, et al.
5-Year follow-up of coronary revascularization in diabetic patients with
multivessel coronary artery disease: insights from ARTS (arterial revas-
cularization therapy study)-Il and ARTS-I trials. JACC Cardiovasc Interv.
2011;4(3):317-23.

Wit MA, de Mulder M, Jansen EK, Umans VA. Diabetes mellitus and its
impact on long-term outcomes after coronary artery bypass graft sur-
gery. Acta Diabetol. 2013;50(2):123-8.

Corazzari C, Matteucci M, Kolodziejczak M, Kowalewski M, Formenti AM,
Giustina A, et al. Impact of preoperative glycometabolic status on out-
comes in cardiac surgery: systematic review and meta-analysis. J Thorac
Cardiovasc Surg. 2021. https://doi.org/10.1016/jjtcvs.2021.05.035.

. Kim HJ, Shim JK, Youn YN, Song JW, Lee H, Kwak YL. Influence of preop-

erative hemoglobin Alc on early outcomes in patients with diabetes
mellitus undergoing off-pump coronary artery bypass surgery. J Thorac
Cardiovasc Surg. 2020;159(2):568-76.

American Diabetes Association Professional Practice Committee, Draznin
B, Aroda VR, Bakris G, Benson G, Brown FM, et al. 6. Glycemic targets:
standards of medical care in diabetes-2022. Diabetes Care. 2022;45(Suppl
1):583-96.

STS Adult Cardiac Surgery Database Data Specifications Version 4.20.2.
Published 2020. https://www.sts.org/sites/default/files/ACSD_DataSpecif
ications_V4_20_2.pdf. Accessed 4 Apr 2022.

Hillis LD, Smith PK, Anderson JL, Bittl JA, Bridges CR, Byrne JG, et al. 2011
ACCF/AHA guideline for coronary artery bypass graft surgery: a report of
the American College of Cardiology Foundation/American Heart Associa-
tion Task Force on Practice Guidelines. Circulation. 2011;124(23):e652-735.
Jeong DS, Sung K, Lee YT, Ahn JH, Carriere KC, Kim WS, et al. Pure bilateral
internal thoracic artery grafting in diabetic patients with triple-vessel
disease. Ann Thorac Surg. 2015;100(6):2190-7.

Lazar HL, McDonnell M, Chipkin SR, Furnary AP, Engelman RM, Sadhu AR,
et al. The Society of Thoracic Surgeons practice guideline series: blood
glucose management during adult cardiac surgery. Ann Thorac Surg.
2009;87(2):663-9.

Pinho-Gomes AC, Azevedo L, Ahn JM, Park SJ, Hamza TH, Farkouh

ME, et al. Compliance with guideline-directed medical therapy in
contemporary coronary revascularization trials. J Am Coll Cardiol.
2018;71(6):591-602.

Marui A, Kimura T, Nishiwaki N, Mitsudo K, Komiya T, Hanyu M, et al. Five-
year outcomes of percutaneous versus surgical coronary revasculariza-
tion in patients with diabetes mellitus (from the CREDO-Kyoto PCI/CABG
Registry Cohort-2). Am J Cardiol. 2015;115(8):1063-72.

Silva JA, Escobar A, Collins TJ, Ramee SR, White CJ. Unstable angina. A
comparison of angioscopic findings between diabetic and nondiabetic
patients. Circulation. 1995,92(7):1731-6.

Moreno PR, Murcia AM, Palacios IF, Leon MN, Bernardi VH, Fuster V,

et al. Coronary composition and macrophage infiltration in atherec-
tomy specimens from patients with diabetes mellitus. Circulation.
2000;102(18):2180-4.

Marso SP, Mercado N, Maehara A, Weisz G, Mintz GS, McPherson J, et al.
Plague composition and clinical outcomes in acute coronary syndrome
patients with metabolic syndrome or diabetes. JACC Cardiovasc Imaging.
2012;5(3 Suppl):S42-52.

Doenst T, Haverich A, Serruys P, Bonow RO, Kappetein P, Falk V, et al. PCl
and CABG for treating stable coronary artery disease: JACC review topic
of the week. J Am Coll Cardiol. 2019;73(8):964—76.

Milojevic M, Head SJ, Parasca CA, Serruys PW, Mohr FW, Morice MC, et al.
Causes of death following PCl versus CABG in complex CAD: 5-year
follow-up of SYNTAX. J Am Coll Cardiol. 2016;67(1):42-55.

Wang JC, Normand SL, Mauri L, Kuntz RE. Coronary artery spatial
distribution of acute myocardial infarction occlusions. Circulation.
2004;110(3):278-84.

Jeon C, Candia SC, Wang JC, Holper EM, Ammerer M, Kuntz RE, et al.
Relative spatial distributions of coronary artery bypass graft insertion and
acute thrombosis: a model for protection from acute myocardial infarc-
tion. Am Heart J. 2010;160(1):195-201.

Raza S, Blackstone EH, Houghtaling PL, Rajeswaran J, Riaz H, Bakaeen FG,
et al. Influence of diabetes on long-term coronary artery bypass graft
patency. J Am Coll Cardiol. 2017;70(5):515-24.

Page 13 of 13

27. Harskamp RE, Alexander JH, Ferguson TB Jr, Hager R, Mack MJ, Englum B,
et al. Frequency and predictors of internal mammary artery graft failure
and subsequent clinical outcomes: insights from the project of ex-vivo
vein graft engineering via transfection (PREVENT) IV Trial. Circulation.
2016;133(2):131-8.

28. Villareal RP, Mathur VS. The string phenomenon: an important cause of
internal mammary artery graft failure. Tex Heart Inst J. 2000;27(4):346-9.

29. Shimizu T, Hirayama T, Suesada H, lkeda K, Ito S, Ishimaru S. Effect of flow
competition on internal thoracic artery graft: postoperative velocimetric
and angiographic study. J Thorac Cardiovasc Surg. 2000;120(3):459-65.

30. Hashimoto H, Isshiki T, Ikari Y, Hara K, Saeki F, Tamura T, et al. Effects
of competitive blood flow on arterial graft patency and diameter.
Medium-term postoperative follow-up. J Thorac Cardiovasc Surg.
1996;111(2):399-407.

31. Fournier S, Toth GG, De Bruyne B, Johnson NP, Ciccarelli G, Xaplanteris
P, et al. Six-year follow-up of fractional flow reserve-guided versus
angiography-guided coronary artery bypass graft surgery. Circulation.
2018;11(6):006368.

32. Spadaccio C, Glineur D, Barbato E, Di Franco A, Oldroyd KG, Biondi-
Zoccai G, et al. Fractional flow reserve-based coronary artery bypass
surgery: current evidence and future directions. Cardiovasc Interv.
2020;13(9):1086-96.

33. Vigersky RA, McMahon C. The relationship of hemoglobin A1C to time-in-
range in patients with diabetes. Diabetes Technol Ther. 2019;21(2):81-5.

34. Wright LA, Hirsch IB. Metrics beyond hemoglobin A1C in diabetes man-
agement: time in range, hypoglycemia, and other parameters. Diabetes
Technol Ther. 2017;19(52):S16-26.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.jtcvs.2021.05.035
https://www.sts.org/sites/default/files/ACSD_DataSpecifications_V4_20_2.pdf
https://www.sts.org/sites/default/files/ACSD_DataSpecifications_V4_20_2.pdf

	Impact of diabetes mellitus on long-term clinical and graft outcomes after off-pump coronary artery bypass grafting with pure bilateral skeletonized internal thoracic artery grafts
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and populations
	Data collection and clinical follow-up
	Surgical procedure and perioperative management
	Statistical analysis

	Results
	Baseline characteristics
	Clinical outcomes
	ITA graft outcomes
	Subgroup analysis
	Multivariable analysis for outcomes

	Discussion
	Acknowledgements
	References




