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Abstract

Purpose In diabetics, elevated preoperative hemoglobin
Alc (HbAlc) levels are associated with increased com-
plication rates after cardiac surgery. While many non-
diabetics also have elevated HbAlc, the relationship with
outcome in these patients is not well understood. Therefore,
in a cohort of non-diabetic patients, we tested the
hypothesis that preoperative HbAlc is associated with
early mortality risk after cardiac surgery.

Methods In this retrospective observational study, we
accessed data from a prospectively collected quality
assurance database for a cohort of 1,474 non-diabetic
elective cardiac surgery patients with documented preop-
erative HbA I c levels. The relationship of HbA Ic with death
within 30 days of surgery was examined using logistic
regression modeling. Acute kidney injury and infection
were similarly assessed using multivariable linear and
logistic regression.

Results Thirty-one percent of patients (n = 456) had
elevated HbAlc values (>6.0%). Patients with elevated
HbAlc had higher fasting and peak intraoperative blood
glucose values. Also, an elevated HbAlIc level was inde-
pendently associated with increased 30-day mortality (odds
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ratio 1.53 per percent increase [1.24-1.91]; P = 0.0005).
This relationship persisted even after “borderline” dia-
betics were excluded. Furthermore, acute kidney injury
was associated with elevated baseline HbAlc (P = 0.01).
No association was found between HbAlc and postopera-
tive infection risk (P = 0.48).

Conclusion In non-diabetics, an elevated preoperative
HbAlc level (>6.0%) is independently associated with
significantly greater early mortality risk after elective
cardiac surgery. Our findings suggest that HbAlc may
have value as a screening tool to identify high-risk non-
diabetic cardiac surgery patients.

Reésume

Objectif Chez les diabetiques, des niveaux eleves
d’hemoglobine Alc (HbAlc) preoperatoire sont associes a
une incidence accrue de complications apres une chirurgie
cardiaque. Alors que nombre de personnes non diabetiques
ont également des niveaux eleves de HbAlc, la relation
entre ces niveaux et le devenir de ces patients demeure mal
comprise. Pour cette raison, dans une cohorte de patients
non diabetiques, nous avons test¢’ I’hypothese selon
laquelle la HbAlc preoperatoire est associee d un risque
de mortalite’ precoce apres une chirurgie cardiaque.
Méthode Dans cette etude observationnelle retrospective,
nous avons utilise’des donnees tirees d’une base de donnees
d’assurance de la qualite recoltees de facon prospective et
portant sur une cohorte de 1474 patients non diabetiques
devant subir une chirurgie cardiaque non urgente et dont les
niveaux preoperatoires de HbAlc etaient documentes. La
relation entre les niveaux de HbAlc et le deces dans les 30
Jours suivant la chirurgie a ete’ examinee d l’aide d’un
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modele de regression logistique. Les lesions renales aigués
et les infections ont ete’ evaluees de la méme fagon d l’aide de
modeles de regression logistique et lineaire multivariee.
Résultats Trente et un pour cent des patients (n = 456)
presentaient des valeurs de HbAlc elevees (>6,0%). Chez
les patients presentant des valeurs de HbAlc elevees, la
glycemie etait plus elevee d jeun et atteignait des valeurs
maximales plus grandes pendant I’operation. De plus, un
niveau eleve’ de HbAIc etait associe de facon independante
a une mortalite” accrue a 30 jours (rapport de cotes 1,53
par augmentation de pour cent [1,24-1,91]; P = 0,0005).
Cette relation est demeuree apparente méme apres
Uexclusion des diabetiques «limite» du calcul. En outre, les
lesions renales aigués etaient associees d des valeurs de
HbAIc de base elevees (P = 0,01). Aucune association n’a
ete” decouverte entre la HbAlc et le risque d’infection
postoperatoire (P = 0,48).

Conclusion Chez les personnes non diabetiques, un
niveau preoperatoire eleve de HbAlc (>6,0%) est associe’
de facon independante a un risque de mortalite” precoce
significativement plus eleve apres une chirurgie cardiaque
non urgente. Nos resultats suggerent que le niveau de
HbAlIc pourrait étre utile comme outil de depistage afin
d’identifier les patients de chirurgie cardiaque non
diabetiques mais d risque eleve.

Coronary artery disease is the leading cause of death in the
United States.! Current cardiac surgery risk stratification
models weigh heavily towards patient characteristics and
chronic conditions that are not amenable to optimization.”™
While diabetics are a high-risk group for early complica-
tion following cardiac surgery,””’ some have suggested that
tight postoperative glycemic control may improve out-
come, though this is somewhat controversial.*'?
Monitoring glycosylated hemoglobin (hemoglobin Alc,
HbAlc) is a recommended method for assessing the long-
term effectiveness of diabetes therapies,13 and it has
prognostic value as well;'* lower HbAlc levels are asso-
ciated with better glycemic control, and they also predict
reduced long-term complication rates, e.g., nephropathy
and retinopathy, and forecast improved survival. In dia-
betics requiring cardiac surgery, lower HbAlc levels
correlate with lower adverse event rates and 30-day mor-
tality risk.'>'® Although the role of HbAlc as a marker of
complication risk is established for diabetics, studies
exploring its value in non-diabetics are limited.'”'®
Thirty percent of non-diabetics undergoing percutaneous
coronary interventions have elevated HbAlc levels, and
these patients are at higher risk of cardiac mortality and
adverse events.'> Complication rates are also higher in non-
diabetic vascular surgery patients with elevated HbAlc.'®
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While elevated HbAlc levels are also common in non-dia-
betic cardiac surgery patients (57% in one study),” the
relationship between HbA 1c and perioperative mortality risk
is not well understood. Therefore, to assess HbA 1c¢ further as
a preoperative screening tool, we tested the hypothesis that
elevated HbAlc is associated with early mortality risk in
non-diabetic patients following elective cardiac surgery.

Methods
Study population

Following institutional review board approval and in
compliance with the Health Insurance Portability and
Accountability Act, we reviewed the Duke Cardiovascular
Database, automated anesthesia records, and an electronic
laboratory results archive for all non-diabetic adults
undergoing primary non-emergent cardiac surgery at Duke
Heart Center from January 1, 1999 to December 31, 2005.

Demographics and clinical covariates

The following information was obtained from the prospec-
tively gathered Duke Quality Measurement and Management
Institute database and an intraoperative automated anesthesia
recordkeeping system: patient and procedural characteristics,
postoperative outcome data, and variables required for the
Parsonnet score,’ including age, gender, body habitus, pre-
operative cardiac status (left ventricular ejection fraction/
aneurysm, redo surgery, need for intra-aortic balloon count-
erpulsation), history of hypertension, diabetes, renal failure
requiring dialysis and other major medical conditions.
Patients with diabetes were defined as those with a his-
tory of either type 1 or type 2 diabetes mellitus and/or those
taking either insulin and/or oral hypoglycemic agents. The
diagnosis of diabetes was determined from the patient’s
admission history and medications and, therefore, did not
involve index admission HbAlc or fasting blood glucose
values. With the exception of morning medications taken
with a small sip of water, all patients were fasted preoper-
atively for at least six hours for solids and four hours for
clear fluids. Approximately 45% of cases involved a more
extended fast due to an afternoon start time. To assure
conformity, the baseline glucose value was the first blood
glucose assessment recorded in the anesthesia record, as
routinely assessed at the study institution after placement of
the arterial catheter but prior to induction of general anes-
thesia. Arterial and intravenous line placement usually
occurred concurrently in an induction room adjacent to the
operating room. Then, according to routine, a certified
anesthesia technologist performed point-of-care arterial
blood gas determination, including serum glucose
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assessment, and hand entered the particulars into the auto-
mated anesthesia record. Any related fluid infusions were
modest in volume, typically Ringer’s lactate or 0.9% sodium
chloride, and would not be expected to affect the determi-
nation of serum glucose significantly.

As per institutional protocol, preoperative and daily
postoperative serum creatinine values were measured until
hospital discharge. Missing post-discharge serum creati-
nine values from postoperative days four to ten were
imputed and were assumed to equal the final in-hospital
serum creatinine values. Serum creatinine was measured
using a dry-slide enzymatic reflectance technique (Vitros
950, Johnson and Johnson, New Brunswick, NJ, USA) with
a normal range of 44-133 pmol-L™' (0.5-1.5 mg-dL™").
Preoperative creatinine was obtained within one week prior
to surgery and defined as the value recorded closest to but
not on the day of surgery.

Intraoperative management

All patients received general anesthesia and conventional
cardiac surgery through a midline sternotomy. The agents
that were used in the induction and maintenance of anes-
thesia were at the discretion of the attending anesthesiologist
and most commonly involved doses of intravenous midaz-
olam, fentanyl, propofol, and pancuronium. Supplemental
isoflurane (0.5-1.0%) was used as required to maintain heart
rate and mean arterial pressure within 25% of pre-induction
values, and propofol was infused at 20-30 ug-kg™'-min~" at
the start of rewarming during cardiopulmonary bypass.
Extracorporeal perfusion was established using a non-pul-
satile hypothermic (28-34°C) flow of 2.0-2.4 L-min~'-m 2,
with mean arterial pressure maintained from 50-70 mmHg
and a-stat blood gas management. A cold blood cardioplegia
solution was utilized for myocardial protection and infused
either antegrade, retrograde, or both, according to the clin-
ical circumstance. High- and low-dose potassium blood
cardioplegia was created by mixing a blood and cardioplegic
solution 4:1. The cardioplegic solution contained 5% dex-
trose and additives.”’ Standard cardioplegia strategy
included an induction dose of 1,000 mL at the time of the
aortic cross-clamp application (5% dextrose solution
200 mL), and 500 mL (5% dextrose solution 100 mL) every
20 min thereafter until aortic cross-clamp removal. During
the time period of this study, our centre’s standard of care for
antifibrinolytic therapy was aminocaproic acid, with apro-
tonin being used for high-risk (primarily redo) procedures.

Perioperative management of glucose and antibiotics
Intraoperative management included serial measurement of

blood glucose every 30 min during extracorporeal perfu-
sion and intravenous insulin by bolus and infusion to

maintain a target serum glucose below 200 mg-dL™'
(11.1 mmol-L™"). In the postoperative intensive care unit,
normoglycemia was achieved following the Duke cardiac
surgery insulin protocol. The protocol targets a blood
glucose level from 120-140 mg-dL ™" (6.7-7.8 mmol-L™"),
and blood glucose levels are measured hourly. Transition
away from the intravenous insulin protocol and subsequent
glucose management is at the discretion of the cardiac
surgical service.

Perioperative antibiotic prophylaxis for non-diabetic
patients admitted from home on the day of surgery consisted
of cefuroxime 1.5 g iv within one hour prior to skin incision,
on separation from cardiopulmonary bypass, and every eight
hours for a total duration of 48 hr. In addition, vancomycin
20 mg-kg™' (up to a maximum 2 g) was administered to
inpatients and those transferred hospital-to-hospital from
another referral facility. Intravenous cefuroxime was diluted
in normal saline, and vancomycin hydrochloride was infused
in a 100 mL ready-to-use infusion bag that contained
approximately 5 g of dextrose.

Endpoints

The primary clinical endpoint was death within 30 days of
surgery. The two secondary clinical endpoints were acute
kidney injury and infection. Renal function was analyzed as a
binary variable using Acute Kidney Injury Network criteria
defined as >50% postoperative increase from baseline cre-
atinine to peak postoperative creatinine level in the first ten
postoperative days. Infection data were derived from the
prospectively collected Duke Cardiovascular Database;
infectious complication definitions were as follows: positive
blood culture (positive blood culture in the postoperative
period), leg wound infection (incisional infection requiring
dressings and intravenous antibiotics), sternal wound infec-
tion (incisional infection requiring dressings and intravenous
antibiotics), mediastinitis (documented infection without
return to operating room), pneumonia (radiographic infiltrate
and growth of typical respiratory pathogen or heavy growth
of atypical respiratory pathogen), and urinary tract infection
(positive urine culture).

Statistical analysis

Continuous variables were described as means (£standard
deviation) or medians (interquartile range) as appropriate;
categorical variables were described as a percentage. For
descriptive purposes, patients were grouped according to
HbAlc status: <6.0% and >6.0% (the threshold limit for
normal values at the study institution). For analytic pur-
poses, HbAlc was considered as a continuous variable,
using HbAlc level as a linear predictor. A logistic regres-
sion model for the outcome 30-day mortality was
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constructed with four predictors: HbAlc level, preoperative
fasting blood glucose level, surgery date, and Parsonnet
score. The Parsonnet score was included to reduce the sta-
tistical “cost” of adjusting for known mortality risk factors.
The secondary outcomes of acute kidney injury and infec-
tion and their association to HbAlc were examined using
multivariable linear and logistic regression, respectively.
The multivariable analyses to assess the relationship of
HbAlc with acute kidney injury (postoperative creatinine
rise > 50%)*? included known renal risk factors: age, gen-
der, body mass index, hypertension, use of intra-aortic
balloon pump, congestive heart failure, ethnicity, cardio-
pulmonary bypass duration, cross-clamp time, baseline
blood pressure, preoperative creatinine, and fasting and
peak intraoperative serum glucose.* ¢

The multivariable analyses to assess the relationship of
HbA1c with infection included mortality risk score, fasting and
peak intraoperative serum glucose, body weight, and transfusion.

In order to assess for any role of undiagnosed diabetics
within the sample, we performed a secondary analysis
similar to the primary outcome analysis for 30-day mortal-
ity, excluding patients with fasting blood glucose levels of
>126 mg-dL_1 (7.0 mmol-L™"). Due to the reduced num-
ber of deaths in this dataset compared with the primary
analysis (26 vs 43, respectively), we limited the predictors in
this logistic regression model to HbAlc and Parsonnet score.

Rationale for the abovementioned analysis strategy
involves the view of our patient sample as a representative
cohort of individuals presenting to preoperative assessment
units, i.e., containing a subset of as yet undiagnosed and
borderline diabetics. Many diabetics are undiagnosed or
recognized but not yet receiving standard therapy.”’ While
pertinent to our analysis, determination of the true diabetic
status is not possible on the basis of a single elevated blood
glucose or HbA l1c measurement. Since hyperglycemia may
be stress-induced or related to pain, myocardial ischemia, or
even emotional disturbance, particularly in preoperative
cardiac surgery patients, the diagnosis of diabetes should not
be made hastily.?’ Interpretation of a single glucose test
rather than two tests overestimates the prevalence of diabe-
tes,”® and the American Diabetes Association recommends
repeating abnormal fasting values.'® Current guidelines do
not accept abnormally high HbAlc values as sufficient to
warrant the diagnosis of diabetes."?

The data were managed and analyzed using SAS version
9.1.3 (SAS Inc, Cary, NC, USA). A P value of 0.05 was
considered statistically significant.

Results

Twenty-nine percent of all non-diabetic patients undergo-
ing cardiac surgery (1,615/5,559) at our institution from
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January 1, 1999 to December 31, 2005 were tested pre-
operatively for HbAlc levels based primarily on surgeon
screening preference. Procedures included isolated aorto-
coronary bypass (71%), isolated valve (13%), and
combined aortocoronary bypass/valve (16%) surgery.
During the same period, 2,872 patients with a preoperative
diagnosis of diabetes underwent surgery.

From the group of HbAlc-tested patients, a further 141
(13%) were excluded due to missing variables, primarily
missing left ventricular ejection fraction data for calcula-
tion of the Parsonnet score. Mortality rates among patients
with and without data to calculate a Parsonnet score were
similar (P = 0.65). A further 87 (5%) patients were
excluded due to incomplete 30-day follow-up data,
resulting in a study sample of 1,474 patients. Survival and
infection data were available for all patients. Serial serum
creatinine values at baseline and daily to postoperative day
ten were available for 1,230 (83%) patients.

Patient and procedural characteristics were similar to those
observed in other cardiac surgery cohorts (Table 1).”'>162
HbA Ic levels exceeded 6.0% in 31% (n = 456) of the study
cohort (Figure 1A). Compared with the normal group,
patients with HbAlc > 6.0% were heavier (90 £ 22 vs
84 + 21 kg; P < 0.0001), more likely to be obese (body mass
index [BMI] 30.1 + 7.7 vs28.1 £ 6.4 kgm ™% P < 0.0001),
and more likely to be Caucasian than African American (88 vs
T7%; P < 0.0001).

Intraoperatively, mean blood glucose was 118 £
36 mg-dL™" (6.6 £ 2 mmol-.L™"), and mean peak blood
glucose was 212 + 44 mg-dL™" (11.8 + 2.4 mmol-L™")
(Figure 1B, C). Blood glucose levels were significantly
higher among patients with HbAlc > 6.0% compared with
those with values < 6.0%, including the baseline fasting
(129 £ 40 mg-dL™" [7.2 £22mmolL™"] vs 113 +
34 mg-dL_1 [63 1.9 mmol-L_l], respectively; P <
0.0001) and intraoperative peak (216 & 57 mg-dL ™"
[12.0 + 3.2 mmol-L™"] vs 209 + 55 mg-dL™' [11.6 + 3.1
mmol-dL™"], respectively; P = 0.03) blood glucose values
(Figure 1B, C). Both baseline and peak blood glucose levels
correlated with HbAlc (r = 0.30; P < 0.001 and r = 0.8;
P = 0.004, respectively).

The overall 30-day mortality rate was 3.1% (n = 43).
Higher HbAlc levels were associated with increased 30-day
mortality (odds ratio 1.53 [1.24-1.91] per unit change of
HbAlc; P = 0.0005) after adjusting for fasting blood glu-
cose, surgery date, and Parsonnet score (Figure 2). The
c-index for this multivariable model, including HbAlc,
baseline fasting blood glucose, and Parsonnet score, was
0.76, which indicates that the model is a moderately good
predictor of 30-day mortality risk. The relationship between
HbAlc and 30-day mortality persisted in the secondary
analysis (P = 0.05) after “borderline” diabetic patients with
baseline fasting blood glucose values of > 126 mg-dL ™"
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Table 1 Patient and procedural characteristics
Non-diabetic cardiac surgery patients HbAlc not tested HbAlc tested P value
(n =3,944) (n = 1,615)
Age 65 (11) 65 (11) 0.81
Parsonnet Score 8.28 (7.45) 9.36 (8.37) <0.0001
Female sex (%) 28 27 0.65
Black race (%) 11 16 <0.0001
BMI (kg-m™2) 27.7 (5.6) 28.7 (6.9) <0.0001
Baseline systolic blood pressure (mmHg) 139 (30) 139 (31) 0.81
Baseline diastolic blood pressure (mmHg) 66 (19) 64 (17) 0.008
Arterial pulse pressure (mmHg) 74 (26) 75 (25) 0.14
Fasting serum glucose (g-del) 120 (41) 118 (36) 0.14
Highest intraoperative serum glucose (g-dL™") 232 (59) 211 (55) <0.0001
Weight (kg) 82 (18) 86 (22) <0.0001
Duration of cardiopulmonary bypass (min) 114 (63) 124 (74) <0.0001
Left ventricular ejection fraction (%) 53 (15) 51 (20) <0.0001
Hypercholesteremia (%) 47 58 <0.0001
History of congestive heart failure (%) 17 22 <0.0001
History of peripheral vascular disease (%) 13 13 0.50
Smoking history (%) 44 56 <0.0001
Preoperative serum creatinine (mg-del) 1.1 (0.7) 1.2 (1.0) 0.22
Peak postoperative creatinine (mg~dL71) 1.4 (1.0) 1.6 (1.1) 0.03
% ACrpeqr™ 26 (48) 34 (62) 0.009
AKIN (>50% %ACrpeq) 15 18 0.19

BMI = body mass index; * denotes peak postoperative serum creatinine relative to baseline (%); AKIN = Acute Kidney Injury Network criteria

(7.0 mmol-dL_l) were excluded. Aprotinin was used in
32.09% of the study patients. When aprotinin was included in
the multivariable model, its use was associated with 30-day
mortality (P = 0.02), but the association of HbAlc with
mortality remained significant (P = 0.0002, odds ratio 1.52,
95% confidence interval [CI] 1.21-1.91).

Acute kidney injury was independently associated
with increasing levels of HbAlc after adjusting for known
renal risk factors, including age, gender, body weight,
baseline serum creatinine, and peak intraoperative serum
glucose (P = 0.04; odds ratio 1.148, 95% CI 1.003-1.313)
(Figure 3). We found no association between HbAlc levels
and postoperative infection (P = 0.48).

Discussion

In our cohort of non-diabetic cardiac surgery patients, we
found elevated preoperative HbAlc levels (>6%) to be
common and independently associated with a 53% increase
in risk of early postoperative mortality per percent increase
in HbAlc. This effect persisted even when patients with
evidence of “borderline” diabetes were excluded. Escalat-
ing acute kidney injury was also related to higher baseline
HbAlc levels, even when HbAlc was within the normal

range. Elevated HbAlc also predicted higher fasting and
peak intraoperative glucose levels. However, infection risk
was not associated with baseline HbA 1c levels. Our findings
suggest that preoperative serum HbAlc assessment may be
useful as a screening tool for non-diabetic cardiac surgery
patients to stratify for early postoperative mortality risk. In
addition, baseline HbAlc may be informative to anticipate
intraoperative elevations of blood glucose as part of glyce-
mic control strategies and postoperative acute kidney injury.

HbAc has gained acceptance in diabetics readily as an
index of long-term blood glucose control and a predictor of
complications.”’>" Also, two large studies in diabetics
highlight the relationship of intensive therapy targeted to
maintain normoglycemia with lower HbAlc levels and
improved long-term outcome.**! Other long-term studies
involving both diabetics and non-diabetics correlate ele-
vated HbAlc with poorer survival both in the general
population®? and specifically following cardiac surgery.'?
In a cohort of over 3,000 diabetic and non-diabetic, on-
pump and off-pump aortocoronary bypass surgery patients,
Halkos et al. reported an association between elevated
HbAlc and several short-term adverse outcomes, including
postoperative myocardial infarction, deep sternal wound
infection, renal failure, stroke, and short-term mortality.16
A similar but smaller study by Medhi et al. noted
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Fig. 1 Distribution of preoperative hemoglobin Alc (HbAlc) levels
(A), fasting blood glucose levels (B), and peak intraoperative blood
glucose levels during cardiopulmonary bypass (CPB) (C) in 1,474
non-diabetic patients undergoing cardiac surgery. Conversion of
HbAIc from 1993 Diabetes Control and Complications Trial (DCCT)
(%) values to International Federation of Clinical Chemistry (IFCC)
units can be achieved using the following equation: IFCC-HbAlc
(mmol/mol) = [DCCT-HbAlc (%) — 2.15] x 10.929

prolonged hospital stays after aortocoronary bypass surgery
in patients with elevated preoperative HbAlc levels.>
Reports specific to HbAlc in non-diabetics are limited
but include a study linking elevated HbAlc with early
morbidity in vascular surgery patients.'® A second study by
Anderson et al. found that non-diabetic aortocoronary
bypass surgery patients with mildly elevated fasting glu-
cose values were at increased risk for 30-day and one-year

@ Springer

Predicted 30 day mortality (%)
oi

1
5
01 . : .
3 5 7 9 1
HbA1c (%)
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Alc (HbAlc) levels in non-diabetic patients undergoing cardiac
surgery. Conversion of HbAlc from 1993 Diabetes Control and
Complications Trial (DCCT) (%) values to International Federation
of Clinical Chemistry (IFCC) units can be achieved using the
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Fig. 3 Graphic representation of the association between HbAlc and
acute kidney injury (AKI), as reflected by a serum creatinine
rise > 50% above baseline,”” after adjustment for age, sex, preoper-
ative creatinine, weight, and maximum glucose, with 95% confidence
intervals (A). Conversion of HbAlc from 1993 Diabetes Control and
Complications Trial (DCCT) (%) values to International Federation
of Clinical Chemistry (IFCC) units can be achieved using the fol-
lowing equation: IFCC-HbAlc (mmol/mol) = [DCCT-HbAlc (%) —
2.15] x 10.929

mortality.®* While these studies do not ask the same
question addressed in our study, they are thematically
consistent with our observation that evidence of insulin
resistance is associated with worse perioperative outcomes.
Although our study is restricted to non-diabetics, our
findings are similar to the study of Halkos et al. that
involves diabetics and non-diabetics. In addition to early
mortality, both studies found an association between renal
injury and elevated HbAlc levels but not between HbAlc
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and overall infection rates.'® In contrast to our study, the
Halkos study found a relationship between deep sternal
wound infection and HbAlc levels (odds ratio 1.38;
P = 0.029). Notably, a strong association exists between
diabetes and sternal wound infections.*® The difference
between our findings and those of Halkos et al. with regard
to sternal wound infection may involve the lack of diabetics
in our study sample, but it may also be related to our smaller
sample size and/or the low rate of sternal wound infection in
our study. The rate of Hb1Ac elevation seen in our study
(31%) and a cohort of non-diabetic patients undergoing
percutaneous coronary interventions (30%)' are lower than
in two other studies of vascular (57%) and cardiac (58%)
surgery patients.'®*° A possible explanation for this dis-
crepancy may be the potential for elevated HbAlc to be
associated with risk for emergent surgery, procedures which
were not included in the first two studies. Our findings are
consistent with a body of evidence associating elevated
HbA1c and other biochemical evidence of glucose intoler-
ance with adverse short- and long-term outcome, including
the limited data involving non-diabetics. Our data also
suggest that knowledge of baseline HbAlc values in non-
diabetics may assist in anticipation of hyperglycemic
responses to the stress of surgery and in implementation of
perioperative glycemic control strategies.

Our study carries the limitations and biases inherent to
any retrospective assessment of prospectively collected
databases. The non-random selection of non-diabetic
patients (by surgeon preference and other unknown factors)
for preoperative HbAlc testing may introduce selection bias
into the study. Despite controlling for multiple variables in
our analyses, including the use of a validated mortality risk
index, confounding factors may remain. In addition, our
study is vulnerable to the accuracy of the preoperative
diagnosis of diabetic status. Although the rate of “undiag-
nosed” diabetics may seem high, it is similar or lower than
that seen in other reports and, thus, is likely an accurate
representation of typical patient populations presenting for
preoperative assessment prior to elective cardiac sur-
gery.”*?® While the association we observed between
HbAIc level and early postoperative mortality may include
an effect related to a subset of undiagnosed diabetics, our
findings are supported in a subgroup analysis exclud-
ing patients with baseline glucose values > 126 mg-dL™"
(7.0 mmol-dL™").

Although not a primary focus of our studys, it is tempting to
speculate on the potential value of screening HbAlc to
anticipate perioperative insulin dosing for glycemic control
in non-diabetics. HbAlc values may not predict intraopera-
tive hyperglycemia, particularly if dextrose-containing
solutions have been used intraoperatively, but they may
predict problems of intraoperative glycemic control above
and beyond the hyperglycemia observed. While our study

suggests that elevated baseline HbA1c predicts intraopera-
tive hyperglycemia, it is unclear that aggressive periop-
erative insulin therapy in non-diabetics improves outcome.
While the continuous infusion of insulin may reduce deep
sternal wound infections in diabetics undergoing cardiac
surgery,® the broader role and merits of tight perioperative
glucose control in all patients are still in question.'®'? van
den Berghe er al’s well-known intensive care study
involving a large number of post-cardiac surgery patients
showed a decrease in mortality from 8-4.6% with tight serum
glucose targets and intensive insulin therapy.'® Unfortu-
nately, subsequent studies have failed to confirm similar
survival benefit but have served to highlight the increased
risk of severe hypoglycemia in patients receiving aggressive
insulin therapy.'"'2

In summary, our findings suggest that HbAlc assess-
ment may have value as a preoperative screening tool to
identify the sizeable subset (approximately one-third) of
non-diabetic cardiac surgery patients with elevated levels
who are at high risk for both intraoperative hyperglycemia
and adverse outcome, including a 53% greater risk of early
postoperative mortality per percent increase in HbAlc and
vulnerability to acute kidney injury. Further studies are
required to confirm our observations and to explore and
characterize the potential value of being able to anticipate
perioperative hyperglycemia in non-diabetics. Predicting
the glycemic response to cardiac surgery may help to guide
earlier and possibly more aggressive insulin therapy, with
the hope of improved safety and outcomes in non-diabetic
patients with elevated HbAlc undergoing cardiac surgery.
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