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Glycated Hemoglobin and Risk of Sternal Wound
Infection After Isolated Coronary Surgery
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Peter Svenarud, MD, PhD; Giuseppe Faggian, MD, PhD; Giuseppe Santarpino, MD, PhD;
Theodor Fischlein, MD, PhD; Aniello Pappalardo, MD; Daniele Maselli, MD; Carmelo Dominici, MD;
Saverio Nardella, MD; Antonino S. Rubino, MD, PhD; Marisa De Feo, MD, PhD;
Francesco Santini, MD; Francesco Nicolini, MD, PhD; Riccardo Gherli, MD;

Giovanni Mariscalco, MD, PhD; Tuomas Tauriainen; Eeva-Maija Kinnunen, MD, PhD;

Vito G. Ruggieri, MD, PhD; Matteo Saccocci, MD; Fausto Biancari, MD, PhD

Background: Glycated hemoglobin (HbA1c) is a suspected risk factor for sternal wound infection (SWI) after CABG.

Methods and Results: Data on preoperative HbA1c and SWI were available in 2,130 patients undergoing isolated CABG from the
prospective E-CABG registry. SWI occurred in 114 (5.4%). Baseline HbA1c was significantly higher in patients with SWI (mean,
54417 vs. 45+13mmol/mol, P<0.0001). This difference was also observed in patients without a diagnosis of diabetes (P=0.027), in
insulin-dependent diabetic (P=0.023) and non-insulin-dependent diabetic patients (P=0.034). In the overall series, HbA1c >70mmol/mol
(NGSP units, 8.6%) was associated with the highest risk of SWI (20.6% vs. 4.6%,; adjusted OR, 5.01; 95% CI: 2.47-10.15). When
dichotomized according to the cut-off 53mmol/mol (NGSP units, 7.0%) as suggested both for diagnosis and optimal glycemic control
of diabetes, HbA1c was associated with increased risk of SWI in the overall series (10.6% vs. 3.9%; adjusted OR, 2.09; 95% CI:
1.24-3.52), in diabetic patients (11.7% vs. 5.1%; adjusted OR, 2.69; 95% CI: 1.38-5.25), in patients undergoing elective surgery
(9.9% vs. 2.7%; adjusted OR, 2.09; 95% CI: 1.24-3.52) and in patients with bilateral mammary artery grafts (13.7% vs. 4.8%;
adjusted OR, 2.35; 95% CI: 1.17-4.69).

Conclusions: Screening for HbA1c before CABG may identify untreated diabetic patients, as well as diabetic patients with subop-
timal glycemic control, at high risk of SWI.
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of infection.! The mechanisms underlying this sus- which can affect host cell function by impairing humoral
ceptibility to infectious diseases are not completely response, complement activation, chemotaxis, adhesion
understood, but the evidence suggests that hyperglycemia and phagocytosis as well as intracellular and extracellular

P atients with diabetes mellitus are at increased risk results in formation of advanced glycation end products,

Received August 19, 2016; revised manuscript received October 13, 2016; accepted October 31, 2016; released online December 8,
2016 Time for primary review: 25 days

Division of Cardiac Surgery, Ospedali Riuniti, Trieste (G.G., L.M., A. Pappalardo), Italy; Department of Thoracic and
Cardio-Vascular Surgery, University Hospital Jean Minjoz, Besangon (A. Perrotti, S.C.), France; Hamburg University Heart
Center, Hamburg (D.R.), Germany; Division of Cardiovascular Surgery, Verona University Hospital, Verona (F.O., G.F.), Italy;
Department of Molecular Medicine and Surgery, Department of Cardiothoracic Surgery and Anesthesiology, Karolinska Institute,
Karolinska University Hospital, Stockholm (M.D., P.S.), Sweden; Cardiovascular Center, Paracelsus Medical University, Nuremberg
(G.S., T.F.), Germany; Department of Cardiac Surgery, St. Anna Hospital, Catanzaro (D.M., C.D., S.N.); Centro Cuore
Morgagni, Pedara (A.S.R.); Division of Cardiac Surgery, Department of Cardiothoracic Sciences, Second University of Naples,
Naples (M.D.F.); Division of Cardiac Surgery, University of Genoa, Genoa (F.S.); Division of Cardiac Surgery, University of
Parma, Parma (F.N.); Department of Cardiovascular Sciences, Cardiac Surgery Unit, S. Camillo-Forlanini Hospital, Rome
(R.G.), Italy; Department of Cardiovascular Sciences, Clinical Sciences Wing, University of Leicester, Glenfield Hospital, Leicester
(G.M.), UK; Department of Surgery, Oulu University Hospital, Oulu (T.T., E.-M.K., F.B.), Finland; Division of Cardiothoracic
and Vascular Surgery, Pontchaillou University Hospital, Rennes (V.G.R.), France; and Department of Cardiac Surgery, Centro
Cardiologico-Fondazione Monzino IRCCS, University of Milan, Milan (M.S.), Italy

Trial Registration: Clinicaltrials.gov NCT02319083

Mailing address: Fausto Biancari, MD, PhD, Department of Surgery, Oulu University Hospital, P.O. Box 21, 90029 Oulu,
Finland. E-mail: faustobiancari@yahoo.it

ISSN-1346-9843  All rights are reserved to the Japanese Circulation Society. For permissions, please e-mail: cj@j-circ.or.jp

Circulation Journal Vol.81, January 2017



HbA1c and Sternal Wound Infection

37

killing.2+ These defects seem to be reversed by optimization
of glycemic control.5 As a consequence, diabetic patients
are at increased risk of surgical site infection, and such a
risk seems to be highest in patients undergoing cardiac
surgery.® The efficacy of tight perioperative glycemic con-
trol in reducing the risk of surgical site infection, however,
remains controversial.”8 Failure to reduce the risk of surgi-
cal site infection by optimal perioperative insulin treatment
may be due to poor preoperative glycemic control, which
affects immunity and therefore the susceptibility to infec-
tion in patients undergoing surgery. Hyperglycemia induces
also the irreversible formation of glycated hemoglobin or
hemoglobin Alc (HbAlc), which is eliminated only at the
end of the red blood cell lifespan and therefore allows an
assessment of the glycemic control during a 3-4-month
period.®10 A few reports suggest that increased preopera-
tive HbAlc is a predictor of sternal wound infection (SWI)
in patients undergoing coronary artery bypass grafting
(CABG).112 The purpose of the present study was there-
fore to investigate the prevalence of increased HbAlc and
its impact on the development of SWI in patients undergo-
ing isolated CABG, using a prospective, multicenter registry.

Methods

Subjects
The E-CABG registry is a prospective registry enrolling
patients undergoing isolated CABG from 16 European
centers of cardiac surgery (Besangon, France; Catanzaro,
Italy; Genoa, Italy; Hamburg, Germany; Milan, Italy;
Leicester, UK; Nuremberg, Germany; Naples, Italy; Oulu,
Finland; Parma, Italy; Pedara, Italy; Rennes, France;
Rome, Italy; Stockholm, Sweden; Trieste, Italy; Verona,
Italy). Twelve of these centers were university hospitals, 2
centers were central hospitals and 2 centers were private
hospitals with agreements with the regional health author-
ities. Data on baseline, intraoperative and postoperative
variables were prospectively collected in an Access data-
sheet by researchers who were specifically trained for data
collection into this registry. Data were checked by
researchers from each participating center before submis-
sion of the dataset to the principal investigator for merg-
ing. The principal investigator evaluated the databases for
consistency by asking for missing and random data. This
study is registered in Clinicaltrials.gov (Identifier:
NCT02319083) and its detailed protocol and definition
criteria have been published previously.13

Out of 3,788 consecutive patients enrolled in the
E-CABG registry, 2,130 patients who underwent surgery
between January 2015 and February 2016, had baseline
HbA1c and blood glucose measured at hospital admission
for the index procedure and comprised the subjects of the
present analysis. A moderate or liberal approach to peri-
operative glycemic control was adopted in these patients.
None of the participating centers adopted a tight periop-
erative glycemic control policy.

Outcome Measures

The primary outcome of this study was SWI of any sever-
ity. Secondary outcomes were type of SWI, that is, super-
ficial wound infection, deep wound infection and
mediastinitis. The diagnosis and severity of SWI were
defined and graded according to the Centers for Disease
Control and Prevention classification of the surgical site
infections.' Thirty-day and 6-month mortality were also

considered as secondary outcomes.

Ethics

This study was approved by the Regional Ethics Review
Board or Institutional Review Board of each participating
center. Informed consent was collected in institutions
where it was required by the Review Board, otherwise it
was waived. This study was not financially supported.

Statistical Analysis

Statistical analysis was performed using SPSS v. 23.0 (IBM,
Armonk, NY, USA). No attempt to replace missing values
was made. Continuous variables are reported as mean=SD.
Nominal variables are reported as n (%). Fisher’s exact
test, chi-squared test, Mann-Whitney test and Spearman
test were used for univariate analysis. HbAlc is mainly
reported as mmol/mol according to the International
Federation of Clinical Chemistry units, but HbAlc cut-
offs are reported as percentages according the National
Glycohemoglobin Standardization Program (NGSP) units.
The prognostic impact of baseline HbAlc was evaluated
first as a continuous variable and then as a dichotomized
variable according to the cut-off 53mmol/mol (NGSP
units, 7.0%), as suggested both for diagnosis and optimal
glycemic control of diabetes.!® Classification and regres-
sion tree (CART) analysis was performed to estimate an
appropriate cut-off of HbAlc in predicting SWI. The risk
estimate of SWI was adjusted in logistic regression models
for differences in their characteristics using 2 methods: (1)
inclusion of the European System for Cardiac Operative
Risk Evaluation II (EuroSCORE 1II) as a covariate;!s and
(2) inclusion of the following baseline, operative and bleed-
ing covariates with P<0.05 on univariate analysis in the
regression model: gender, body mass index (BMI), hemo-
globin, HbAlc, C-reactive protein =210mg/dL, estimated
glomerular filtration rate, antibiotics other than for pro-
phylaxis, diabetes on treatment, poor mobility, extracardiac
arteriopathy, recent myocardial infarction, non-elective
surgical priority, bilateral internal thoracic artery use,
length of operation and total number of units of transfused
red blood cells. Mediastinal re-exploration for excessive
bleeding was forced into the regression models. Logistic
regression was then performed with the backward stepwise
elimination method in order to identify the risk factors for
postoperative SWI. The predictive ability of the regression
models as well as of continuous variables to predict SWI
was evaluated using the receiver operating characteristic
curve and calculation of the area under the curve (AUC).
Survival analysis was performed using the Kaplan-Meier
and the Cox proportional hazards methods. All tests were
2-sided with the « level set at 0.05 for statistical signifi-
cance.

Results

Patient characteristics, operative variables and bleeding-
related data are summarized in Tables 1,2. Of the 2,130
patients included in the present analysis, 466 (21.9%) were
non-insulin-dependent diabetic patients with on-going oral
treatment and 280 (13.1%) were insulin-dependent diabetic
patients. In the overall series, HbAlc was >53 mmol/mol
(NGSP units, 7.0%) in 461 (21.6%), of whom 392 (52.5%)
were diabetic and 69 (5.0%) were non-diabetic. Elective
surgery was performed in 1,386 patients (65.1%; Table 1).
Both internal mammary arteries were harvested in 907
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Table 1. Baseline Subject Characteristics vs. Presence of SWI
Baseline variables Ov(tre‘r=azll,1s3ea';es (::2’80‘2’(;) ( ni‘ﬁl 4) P-value

Age (years) 67.5+£9.2 67.5+£9.2 69.1+9.3 0.054
Female 356 (16.7) 327 (16.2) 29 (25.4) 0.010
BMI (kg/m?) 27.8+4.3 27.7+4.2 29.3+5.1 <0.0001
Hemoglobin (g/L) 137+16 137+16 131£18 <0.0001
Anemia 448 (21.0) 412 (20.4) 36 (31.6) 0.005
HbA1c (mmol/mol) 46+13 45+13 54+17 <0.0001
eGFR (mL/min/1.73m?) 80+25 80+25 74+29 0.009
CKD classes <0.0001

3A 275 (12.9) 254 (12.6) 21(18.6)

3B 102 (4.8) 91 (4.5) 11(9.7)

4 26 (1.2) 20 (1.0) 6 (5.3)

5 21 (1.0) 19 (0.9) 2(1.8)
CRP =10mg/dLt 389 (19.8) 358 (19.2) 31 (30.7) 0.005
Antibiotics other than prophylaxis 57 (2.7) 50 (2.5) 7 (6.1) 0.018
Chronic lung disease 190 (8.9) 177 (8.8) 13 (11.4) 0.339
Diabetes on treatment 746 (35.1) 682 (33.8) 64 (56.6) <0.0001

Insulin dependent 280 (13.2) 247 (12.3) 33(29.2) <0.0001

Non-insulin dependent 466 (21.9) 435 (21.6) 31 (27.4) 0.16
Stroke 109 (5.1) 103 (5.1) 6 (5.3) 0.942
Poor mobility 55 (2.6) 46 (2.3) 9(7.9) <0.0001
Extracardiac arteriopathy 435 (20.4) 403 (20.0) 32 (28.1) 0.037
Atrial fibrillation 180 (8.5) 166 (8.3) 14 (12.4) 0.126
Prior PCI 483 (22.7) 461 (22.9) 22 (19.3) 0.376
Prior cardiac surgery 17 (0.8) 15 (0.7) 2(1.8) 0.238
LVEF (%) 0.815

31-50 498 (23.4) 468 (23.3) 30 (26.3)

21-30 86 (4.0) 82 (4.1) 4 (3.5)

<21 11 (0.5) 10 (0.5) 1(0.9)
Recent Ml 504 (23.7) 463 (23.0) 41 (36.0) 0.001
Coronary artery disease

Left main disease 730 (34.3) 682 (33.8) 48 (41.7) 0.083

No. diseased vessels 2.7+0.6 2.7+0.6 2.7+0.5 0.998

Syntax score 28.7+10.1 28.7+10.1 29.8+10.3 0.117
Non-elective operation 744 (34.9) 689 (34.2) 55 (48.2) 0.002
Critical state 83 (3.9) 75 (3.7) 8 (7.0) 0.077
GRACE in-hospital death score (%) 2.4+4.1 2.3+3.8 4.2+6.9 <0.0001
EuroSCORE Il (%) 2.5+3.8 2.5+3.8 3.5+3.7 <0.0001

Data given as mean+SD or n (%). tData available from 1,961 patients. BMI, body mass index; CKD, chronic kidney
disease; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; EuroSCORE, European System for
Cardiac Operative Risk Evaluation; GRACE, Global Registry of Acute Coronary Events; HbA1c, hemoglobin A1c;
LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; SWI,

sternal wound infection.

patients (42.6%; Table 2).

Swi

A total of 114 patients (5.4%) had SWI. Superficial wound
infection occurred in 59 (2.8%), deep wound infection in 40
(1.9%), and mediastinitis in 15 (0.7%). The incidence of
SWI ranged from 0 to 16.7% between different centers
(P=0.005), but this difference was not statistically signifi-
cant when adjusted for baseline HbAlc and other covari-
ates with P<0.05 on univariate analysis (adjusted P=0.484).
A diagnosis of SWI was made after a mean interval of
19.5+17.1 days (median, 15 days) from surgery. Thirty-day
mortality was higher in those patients with SWI (2.6 vs.
1.3%, P=0.200), but the difference did not reach statistical

significance. SWI was, however, associated with a signifi-
cantly higher 6-month mortality compared with the
patients without SWI (7.4% vs. 2.2%, log-rank P<0.0001,
adjusted for EuroSCORE II: HR, 3.959; 95% CI: 1.820-
8.616).

Baseline HbA1c and Risk of SWI

Baseline HbA Ic was higher in patients with SWI than in
those without SWI (mean, 54%17 vs. 4513 mmol/mol,
P<0.0001; Table 1). This difference was observed in patients
with insulin-dependent diabetes (mean, 64.5+16.4 vs.
58.9£16 mmol/mol, P=0.023), in those with non-insulin-
dependent diabetes (mean, 60.3£15.7 vs. 54.1£11.7mmol/mol,
P=0.034) and in those without a preoperative diagnosis of
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Table 2. Operative Data and Postoperative Bleeding-Related Variables
Operative variables Ov(il:zll’f:;eg;es (r';l:z,so‘:v(ls) ( ni‘ﬁl 4) P-value
Antibiotic prophylaxis <0.0001
Cefuroxime 1,024 (48.1) 975 (48.4) 49 (42.6)
Cefazoline 580 (27.2) 546 (27.1) 34 (29.6)
Cloxacillin+teicoplanin 200 (9.4) 194 (9.6) 6 (5.3)
Cefazoline+teicoplanin 171 (8.0) 168 (8.3) 3(2.6)
Cefamandole 57 (2.7) 50 (2.5) 7 (6.1)
Amoxicillin 32 (1.5) 27 (1.3) 5(4.3)
Vancomycin 19 (0.7) 14 (0.7) 5 (4.3)
Ceftriaxone 15(0.7) 15 (0.7) 0
Cefazoline+vancomycin 11 (0.5) 10 (0.5) 1(0.9)
Other antibiotics 4(0.2) 4(0.2) 0
Missing information 11 (0.5) 8 (0.4) 3(2.6)
Operative variables
Off-pump technique 548 (25.7) 523 (26.0) 25 (21.9) 0.340
Single internal thoracic artery use 1,188 (55.8) 1,137 (56.4) 51 (44.7) 0.015
Bilateral internal thoracic artery use 907 (42.6) 846 (42.0) 61 (53.5) 0.015
No. distal anastomoses 2.8+1.0 2.8+1.0 2.8+1.0 0.422
Aortic cross-clamping time (min) 61+36 60+36 63+30 0.152
CPB time (min) 84+36 84+36 86+37 0.388
Length of operation (min) 23175 230+75 256+68 <0.0001
Bleeding-related variables
12-h chest tube output (mL) 460+£313 459+312 478+334 0.950
Nadir Hb (g/L) 97+16 97+16 93+15 0.023
RBC transfusion 827 (38.8) 758 (37.6) 69 (60.5) <0.0001
Intraoperative RBC (units) 0.3+0.8 0.3+0.8 0.5+0.8 <0.0001
Perioperative RBC (total units) 1.1£2.2 1.0£2.2 2.0+2.9 <0.0001
FFP/Octaplas transfusion 125 (5.9) 115 (5.7) 10 (8.8) 0.175
Platelets transfusion 167 (7.8) 159 (7.9) 8 (7.0) 0.737
Reoperation for bleeding 68 (3.2) 62 (3.1) 6 (5.3) 0.196
E-CABG bleeding grade 2-3t 128 (6.0) 111 (5.5) 17 (14.9) <0.0001

Data given as mean+SD or n (%). tTransfusion >4 units RBC and/or reoperation for excessive bleeding. CPB,
cardiopulmonary bypass; E-CABG, European Coronary Artery Bypass Grafting Registry; FFP, fresh frozen plasma;
Hb, hemoglobin; RBC, red blood cell; SWI, sternal wound infection.

diabetes (mean, 42.3%8.6 vs. 39.8+7.9 mmol/mol, P=0.027;
Figure 1). Rate of SWI and severity of infections according
to baseline HbA 1c quintile is given in Figure 2.

Baseline blood glucose was increased in patients with
SWI (P=0.014; Table 1) and there was a positive correla-
tion between baseline blood glucose and HbA ¢ (rho=0.51,
P<0.0001). The AUC for prediction of SWI was 0.66 (95%
CI: 0.60-0.71) for baseline HbA1c and 0.57 (95% CI: 0.51—
0.63) for baseline blood glucose. On logistic regression
modeling including both HbAlc and blood glucose, only
HbA 1c was associated with increased risk of SWI. Because
of these findings, blood glucose was included in all adjusted
analyses but further specific analyses on this variable were
not performed.

On logistic regression modeling (Hosmer-Lemeshow
test, P=0.52; AUC, 0.75; 95% CI: 0.71-0.80) including
HbA 1c as a continuous variable, this variable was an inde-
pendent risk factor for SWI (OR, 1.04; 95% CI: 1.02-1.05,
P<0.0001; Table 3).

CART analysis identified baseline HbA1c=70 mmol/mol
(NGSP units, 8.6%; prevalence in the overall series, 4.7%)
as the most accurate cut-off for prediction of SWI. Patients
with HbAlc >70mmol/mol had a rate of SWI of 20.6%,

compared with 4.6% in those with lower HbA 1¢ (P<0.0001,
crude OR, 5.39; 95% CI: 3.20-9.10). Similarly, among
diabetic patients, HbAlc >70mmol/mol was associated
with an increased risk of SWI (21.3% vs. 6.7%, P<0.0001,
crude OR, 3.74; 95% CI: 2.09-6.68). HbA1c >70 mmol/mol
was an independent predictor of SWI also when adjusted
for EuroSCORE II (OR, 3.68; 95% CI: 2.04-6.55) and for
covariates with P<0.05 on univariate analysis (OR, 4.39;
95% CI: 2.31-8.34). No significant differences were observed
between centers (adjusted P=0.372). The rates of superfi-
cial wound infection, deep wound infection and mediasti-
nitis in patients with HbAlc>70mmol/mol were 14.7%,
2.9% and 2.9%, respectively, whereas in those with lower
HbAlc they were 2.2%, 1.8% and 0.6%, respectively
(P<0.0001).

When HbAlc was dichotomized according to the sug-
gested cut-off of <53 and >53 mmol/mol as suggested both
for diagnosis and optimal glycemic control of diabetes,!0
the rates of superficial wound infection, deep wound infec-
tion and mediastinitis were 7.2%, 2.4% and 1.1%, respec-
tively, in patients with HbAlc >53mmol/mol (NGSP
units, 7.0%) and 1.6%, 1.7% and 0.6%, respectively in those
with lower HbAlc (P<0.0001). On logistic regression
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[ENo sternal wound infection
Wsternal wound infection p=0.023
p=0.034

p=0.027

HbA1c (mmol/mal)
2

=

No di;beles Non-insulin depn‘andenl diabetes Insulin depen‘dant diabetes
Figure 1. Baseline glycated hemoglobin (HbA1c) vs. diabe-
tes status in patients with and without sternal wound infection
after isolated coronary artery bypass grafting. P-values calcu-

lated using Mann-Whitney test.

(Hosmer-Lemeshow test, P=0.193; AUC, 0.76; 95% CI:
0.71-0.80), HbA1c >53 mmol/mol (NGSP units, 7.0%), was
associated with an increased risk of SWI (OR, 2.15; 95%
CI: 1.28-1.96, P=0.004; Table 3). No significant differences
were observed between centers (adjusted P=0.427).

Sensitivity Analysis

Table 4 summarizes the results of adjusted analyses on the
impact of HbAlc >53mmol/mol (NGSP units, 7.0%) on
the development of SWI in different subsets of patients.
This cut-off was an independent predictor of surgical site
infection in the overall series, in patients on treatment for
diabetes, in those undergoing elective procedures as well as
in those in whom both internal mammary arteries were
harvested. HbAlc >53mmol/mol (NGSP units, 7.0%),
however, was not associated with an increased risk of SWI
in non-diabetic patients (P=0.712). Furthermore, in
patients receiving only 1 internal mammary artery graft,
the prognostic value of this cut-off was confirmed on uni-
variate analysis (P<0.0001) and EuroSCORE II adjusted
analysis (P<00001), but not on multiple covariate-adjusted
analysis (P=0.232).

Prognostic Value of HbA1c in Non-Diabetic Patients

Among non-diabetic patients, the AUC for HbAlc in
predicting SWI was 0.59 (95% CI: 0.51-0.68). According
to HbAlc quintile in non-diabetic patients, the rate of
SWI was significantly higher only in the highest HbAlc
quintile (<35mmol/mol, 2.3%; 35-37mmol/mol, 3.7%;
38-40mmol/mol, 2.5%; 41-44mmol/mol, 3.2%; and
>44mmol/mol, 6.9%, P=0.037). This was confirmed at
multivariate analysis adjusted for EuroSCORE 1I (for the
highest quintile: OR, 3.143; 95% CI: 1.27-7.79, P=0.013)
and on multiple covariate-adjusted analysis (for the high-
est quintile: OR, 2.712; 95% CI: 1.01-7.32, P=0.049).
HbA1c >44 mmol/mol (NGSP >6.2%) was associated with
a significantly higher risk of SWI in non-diabetic patients
compared with lower HbA 1c on univariate analysis (6.9%
vs. 2.9%, P=0.002). When logistic regression with back-

p<0.0001 ‘

Sternal wound infection rate (%)
«

‘ 103%
o —4 | |
o | [ 68%
2 3.1% 3.3% 34% ‘
0
<36 3740 41-44 4554 255
Quintiles of HbA1c (mmolfmol)
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p<0.0001 Superficial wound infection
Deep wound infection
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g
: - =3
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=
°
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2 6
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a
& . -y o | 65%
. | 1a% 15%
I 12% 20%
17% 15% 12%

36 3740 41-44 45.54 255

Quintiles of HbAlc (mmol/mol)

Figure 2. (Top) Crude rate and (Bottom) type of sternal
wound infections after isolated coronary artery bypass graft-
ing vs. baseline glycated hemoglobin (HbA1c) quintile.
Whiskers, 95% CI; P-values from univariate analysis.

ward selection was used, HbAlc >44 mmol/mol was an
independent predictor of SWI (OR, 2.228; 95% CI: 1.172—
4.237; P=0.012) along with BMI (OR, 1.082, 95% CI:
1.014-1.153; P=0.017), baseline hemoglobin (OR, 0.980;
95% CI: 0.962-0.998; P=0.027), recent myocardial infarc-
tion (OR, 2.343; 95% CI: 1.267-4.334; P=0.008) and length
of operation (per 10-min increase: OR, 1.073; 95% CI:
1.034-1.115; P<0.0001).

Discussion

This study noted a relatively low incidence of SWI, despite
the particularly frequent use (42.6%) of bilateral internal
mammary artery grafts in this series. Furthermore, half of
the SWI were superficial and 13% of these patients had
mediastinitis. The occurrence of SWI, however, translated
into a higher 6-month mortality, which confirms the sever-
ity of this condition and the need for measures to prevent it.

The present results confirmed that preoperative HbAlc
is an independent predictor of surgical site infection after
cardiac surgery in diabetic patients and in patients with
previously undiagnosed diabetes.!l1216 Baseline HbAlc
>70mmol/mol (NGSP units, 8.6%) was associated with the
higher risk of SWI. Interestingly, in this series, one-fifth
of patients undergoing isolated CABG had HbAIlc
>53 mmol/mol (NGSP units, 7.0%), which is a recognized
marker of poor glycemic control.!® The prevalence of sub-
optimal HbAlc level was 52.5% in diabetic patients, and
was also detected in 5% of patients without preoperative
diagnosis of diabetes. Beside the observation of increased
risk of SWI among patients with increased HbAlc, these
figures indicate the importance of HbAlc screening in all
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Table 3. Independent Predictors of SWI on Logistic Regression Modeling

Covariates

HbA1c as a continuous variable

Baseline HbA1c

BMI

Baseline Hb

Poor mobility
Urgent/emergency procedure

Bilateral mammary artery grafts

RBC units transfused
Constant

B-coefficient

HbA1c with a cut-off of >53 mmol/mol

Baseline HbA1c¢ >53 mmol/molt

BMI
Baseline Hb
Poor mobility

Bilateral mammary artery grafts

Length of operation (per 10-min increase)

RBC units transfused
Urgent/emergency procedure
Diabetes
Non-insulin dependent
Insulin dependent
Constant

0.035
-0.088
-0.015

0.900

0.511

0.589

0.087
-6.549

0.676
0.078
-0.014
0.912
0.504
0.029
0.092
0.540

0.070
0.642
-5.053

P-value

<0.0001

<0.0001
0.013
0.032
0.019
0.011
0.003

0.004
<0.0001
0.031
0.030
0.028
0.051
0.003
0.014
0.065
0.821
0.004

OR, 95% CI

1.035, 1.023-1.048
1.092, 1.046-1.140
0.985, 0.973-0.997
2.460, 1.083-5.589
1.667, 1.088-2.555
1.803, 1.147-2.834
1.091, 1.029-1.156

2.153, 1.284-1.958
1.081, 1.035-1.129
0.987, 0.977-0.999
2.488, 1.091-5.675
1.655, 1.055-2.597
1.029, 1.000-1.059
1.097, 1.032-1.165
1.717,1.116-2.641

1.072, 0.587-1.958
1.901, 1.044-3.462

fNational Glycohemoglobin Standardization Program units, 7.0%. Abbreviations as in Tables 1,2.

Table 4. Impact of HbA1c >53 mmol/molt on the Development of SWI

Overall series
SWI rate
EuroSCORE Il adjusted
Multiple covariate-adjusted
Non-diabetic patients
SWI rate
EuroSCORE Il adjusted
Multiple covariate-adjusted
Diabetes on treatment
SWI rate
EuroSCORE Il adjusted
Multiple covariate-adjusted
Elective operation
SWI rate
EuroSCORE |l adjusted
Multiple covariate-adjusted
Single IMA graft
SWI rate
EuroSCORE Il adjusted
Multiple covariate-adjusted
Bilateral IMA grafts
SWI rate
EuroSCORE Il adjusted
Multiple covariate-adjusted

HbA1c
<53 mmol/mol

1,669 patients
65 (3.9)

1,313 patients
46 (3.5)

354 patients
18 (5.1)

1,084 patients
29 (2.7)

928 patients
29 (3.1)

710 patients
34 (4.8)

HbA1c

>53 mmol/mol

461 patients
49 (10.6)

69 patients
3(4.3)

392 patients
46 (11.7)

302 patients
30 (9.9)

260 patients
22 (8.5)

197 patients
27 (13.7)

P-value

<0.0001
<0.0001
0.006

0.712
0.795
0.919

0.001
0.002
0.004

<0.0001
<0.0001
0.009

<0.0001
<0.0001
0.232

<0.0001
<0.0001
0.016

OR, 95% CI

2.93,1.98-4.34
2.09, 1.24-3.52

1.18, 0.35-3.96
0.94, 0.27-3.22

2.44,1.38-4.30
2.69, 1.38-5.25

3.97,2.31-6.82
2.67, 1.28-5.57

2.96, 1.64-5.32
1.69, 0.97-3.97

2.99,1.75-5.12
2.35,1.17-4.69

Data given as n (%). tNational Glycohemoglobin Standardization Program units, 7.0%. IMA, internal mammary

artery. Other abbreviations as in Tables 1,2.
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patients, that is, non-diabetic patients, undergoing cardiac
surgery because unrecognized diabetes and poor glycemic
control may have immediate and long-term prognostic
implications in both diabetic and non-diabetic patients.16-18

On multivariate analysis in the total group, increased
baseline HbAlc was one of the most powerful predictors
of SWI (Table 3), and this finding assumes clinical impor-
tance given that poor glycemic control could be effectively
treated in a large number of patients before surgery. In
fact, 22% of patients scheduled for elective CABG had
baseline HbA1c >53 mmol/mol (Table 4). Among patients
who underwent bilateral mammary artery grafting, 22%
had baseline HbA 1c >53 mmol/mol, resulting in an exces-
sive rate of SWI (13.7% vs. 4.8%, P<0.0001). Furthermore,
in non-diabetic patients a lower HbA Ic threshold has been
identified as a prognostic marker of increased risk of SWI.
This requires much attention in order to reduce the high
risk of surgical site infection, but also to identify patients
who may benefit from diabetes treatment after surgery.

This was an observational study and therefore does not
provide definitive evidence of the potential efficacy of pre-
operative optimization of glycemic control in reducing the
risk of SWI. It has, however, shown that a number of
modifiable risk factors underlie the development of SWI,
which can be targets for prevention of this severe complica-
tion. Improved patient blood management and meticulous
surgical hemostasis may reduce exposure to blood prod-
ucts and their associated increased risk of infection.!
Importantly, surgeons should carefully evaluate the harms
and benefits of using bilateral internal mammary artery
grafts in patients with poor preoperative glycemic control.
The present results suggest that the risk of SWI can be
prohibitive in patients with high baseline HbA 1¢ and bilat-
eral internal mammary artery grafting. In these high-risk
patients, the use of only one internal mammary graft
should be considered to minimize sternal ischemia. This
strategy may decrease also the duration of surgery and
reduce the surgical area at risk of perioperative bleeding.
This surgical policy could be particularly wise in the pres-
ence of obesity. Knowledge of increased baseline HbAlc
may guide the clinicians to adopt a number of further
measures to avoid this infectious complication such as
dressing of the sternal wound during surgery, rigorous
monitoring and aseptic handling of the sternal wound,
prophylactic use of incisional negative pressure wound
devices, and prompt antibiotic treatment at the first signs
of infection.

Study Limitations

A number of limitations should be acknowledged. First,
this was a non-consecutive series of patients because HbAlc
was not measured routinely in all centers. Furthermore,
HbA Ic was likely not measured in patients referred from
other centers on an emergency basis. Therefore, the herein
observed proportion of increased HbAlc and SWI may
not reflect the true prevalence of this condition. Second,
HbAlc was not measured in a core laboratory and this
may introduce a bias due to possible differences in the
analyzers, but, because of the clinical relevance and wide-
spread use of HbAlc screening in patients with diabetes
and at risk for pre-diabetes, the results have undergone a
process of standardization. Third, a number of genetic and
acquired conditions as well as drugs may interfere with
HbAlc results and cause inappropriately high or low
HbA Ic measurements. These factors were not taken into

account in this analysis. Fourth, only preoperative blood
glucose level was considered in this study and neither intra-
operative nor postoperative blood glucose were available
for analysis. Consequently, it was not possible to confirm
whether perioperative hyperglycemia might have been
associated with SWI. It is unlikely, however, that intensive
perioperative glycemic control may be effective to reverse
the effects of advanced glycosylation end products and to
improve in such a short time the host response to bacterial
infection. Once advanced glycosylation end products are
formed, they are nearly irreversible and their effects are
likely not short term,2 or at least do not vanish within a
few days from optimization of glycemic control. Fifth,
stratification into stable, improving and worsening diabe-
tes would be of importance for a proper definition of gly-
cemic control status in diabetic patients, but this was not
feasible in this series because we did not have data on
HbA 1c before admission for CABG. Finally, this was not
an interventional study and therefore does not provide
definitive evidence of the potential efficacy of preoperative
and perioperative optimization of glycemic control in
reducing the risk of SWI. Knowledge of increased baseline
HbA ¢, however, may guide the clinicians to start or mod-
ify anti-diabetic treatment preoperatively, to postpone sur-
gery when feasible until better glycemic control is achieved,
and to adopt a number of local wound care measures to
prevent and promptly treat this severe infectious complica-
tion.

Conclusions

Preoperative screening of HbAlc before isolated CABG
may identify a significant number of patients with poor
glycemic control, who are at high risk of SWI. Patients
without previously diagnosed diabetes are also at increased
risk of SWI when baseline HbA 1¢ is increased. Preoperative
identification of untreated diabetes, optimization of glyce-
mic control and meticulous wound care may reduce the
risk of SWI risk in these patients.
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