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Abstract
Background The aim of this study was to determine whether perioperative stress hyperglycemia is correlated with surgical 
site infection (SSI) rates in non-diabetes mellitus (DM) patients undergoing elective colorectal resections within an SSI 
bundle.
Methods American College of Surgeons National Surgical Quality Improvement Program data of patients treated at a single 
institution in 2006–2012 were supplemented by institutional review board-approved chart review. A multifactorial SSI bun-
dle was implemented in 2009 without changing the preoperative 8-h nil per os, and in the absence of either a carbohydrate 
loading strategy or hyperglycemic management protocol. Hyperglycemia was defined as blood glucose level > 140 mg/dL. 
The primary endpoint was SSI defined by the Centers for Disease Control National Nosocomial Infections Surveillance.
Results Of 690 patients included, 112 (16.2%) had pre-existing DM. Overall SSI rates were significantly higher in DM 
patients as compared to non-DM patients (28.7 vs. 22.3%, p = 0.042). Postoperative hyperglycemia was more frequently 
seen in non-DM patients (46 vs. 42.9%). The SSI bundle reduced SSI rates (17 vs. 29.3%, p < 0.001), but the rate of hyper-
glycemia remained unchanged for DM or non-DM patients (pre-bundle 59%; post-bundle 62%, p = 0.527). Organ/space SSI 
rates were higher in patients with pre- and postoperative hyperglycemia (12.6%) (p = 0.017). Overall SSI rates were higher 
in DM patients with hyperglycemia as compared to non-DM patients with hyperglycemia (35.6 vs. 20.8%, p = 0.002). At 
multivariate analysis DM, chronic steroid use, chemotherapy and SSI bundle were predictive factors for SSI.
Conclusions This study showed that non-DM patients have a postoperative hyperglycemia rate as high as 46% in spite of 
the SSI bundle. A positive correlation was found between stress hyperglycemia and organ/space SSI rates regardless of 
the DM status. These data support the need for a strategy to prevent stress hyperglycemia in non-DM patients undergoing 
colorectal resections.
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Introduction

Being the third most common nosocomial infection, surgical 
site infection (SSI) represents a major source of postopera-
tive morbidity and mortality in colorectal surgery with rates 
as high as 30% and is responsible for annual costs of up to 10 
billion dollars in the USA [1–4]. Despite the identification of 
SSI as a patient safety priority by the Centers for Medicaid 
and Medicare Services and the Joint Commission on the 

Accreditation of Healthcare Organizations and the develop-
ment of several accountability measures (such as appropriate 
timing and adequate selection of antibiotics and preopera-
tive glucose control) SSI still remains a significant burden 
in colorectal surgery [5]. In addition, there is controversy 
regarding the relative impact of stress-induced hyperglyce-
mia in non-diabetes mellitus (DM) patients.

Stress hyperglycemia is defined as acute, transient 
elevations in blood glucose concentrations occurring dur-
ing illness [6]. It arises as a result of a cascade of normal 
physiologic response to injury leading to the alteration of 
endogenous hormone production and metabolites, including 
increased serum cortisol production, insulin resistance, and 
subsequent hyperglycemia [7]. Stress hyperglycemia appears 
to be associated with increased risk of SSI in colorectal 
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patients, especially in the absence of pre-existing DM [8, 9]. 
In 2003 Ljungqvist and Søreide suggested that preoperative 
carbohydrate loading resulted in improved insulin sensitivity 
for as long as 72 h postoperatively [10]. Since then a number 
of studies have confirmed this and other benefits associated 
with carbohydrate loading compared to the standard 8 h nil 
per os (NPO) strategy for surgical patients, however, with lit-
tle mention of hyperglycemia [11, 12]. Recently, the PROCY 
study (comparing preoperative oral intake of 800 mL of 
water containing 100 g of maltodextrin to 800 mL of water) 
found no benefit in terms of SSI reduction (16.3 vs. 16.0%) 
although the rate of perioperative hyperglycemia was lower 
after carbohydrate loading (24.2 vs. 57.4%) [13]. Therefore, 
it appears that a strategy for reducing the rate of hypergly-
cemia below 10% may be required to impact the SSI rate.

The aim of this study was to determine whether periop-
erative stress hyperglycemia is correlated with SSI rates in 
non-DM patients undergoing elective colorectal resection 
within an SSI bundle.

Materials and methods

Study design and endpoint

This study was carried out as a retrospective cohort study 
of patients undergoing major colorectal surgery. National 
Surgical Quality Improvement Program (NSQIP) database 
was utilized to study demographic and perioperative vari-
ables which may be associated with surgical site infection 
(SSI) rates. The NSQIP participant use data files (PUF) of 
the patients treated in our institution from 2006 to 2012 were 
queried and collected as a study population which then was 
narrowed to those patients who had abdominal colorectal 
surgery. SSI was determined as the primary endpoint. Demo-
graphic and perioperative factors were collected and com-
pared for SSI which was defined by the Centers for Disease 
Control (CDC) National Nosocomial Infections Surveillance 
System [14]. This study was designed according to Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) guidelines [15].

Patient identification, collected data and definitions

NSQIP database was accessed and patients operated on by 
a single surgeon were identified using Current Procedural 
Terminology (CPT) codes. Collected data included demo-
graphics, such as age, gender, and body mass index (BMI); 
perioperative blood test values, including preoperative and 
postoperative blood glucose levels; date and type of proce-
dure; wound classification; and American Society of Anes-
thesiologists (ASA) classification. Among comorbidities, 
DM was the one of interest which was defined in NSQIP as 

“metabolic disorder of the pancreas whereby the individual 
requires daily doses of exogenous parenteral insulin or a 
non-insulin anti-diabetic agent to prevent a hyperglycemia/
metabolic acidosis” [16]. Among postoperative complica-
tions, SSI was the one of interest which consisted of superfi-
cial incisional, deep incisional, and organ/space surgical site 
infections. Hyperglycemia was defined as a blood glucose 
level of more than 140 mg/dL. Preoperative hyperglycemia 
was defined as a blood glucose level of more than 140 mg/
dL on the morning of surgery in elective cases, and within 
3 h prior to surgery in emergency cases. Postoperative 
hyperglycemia was defined as a blood glucose level of more 
than 140 mg/dL within 72 h postoperatively. SSI bundle 
was introduced in 2009 by our institution and consisted of 
pre-hospital and pre-, intra- and postoperative components, 
which were described in our previous study in detail (Fig. 1) 
[17]. Superficial SSI was defined in NSQIP as an infection 
that occurs within 30 days after the operation and the infec-
tion involves only skin or subcutaneous tissue of the inci-
sion; deep SSI was defined as an infection that occurs within 
30 days after the operation and the infection appears to be 
related to the operation and infection involved deep soft tis-
sues (e.g., fascial and muscle layers) of the incision; organ/
space SSI was defined as an infection that occurs within 
30 days after the operation and the infection appears to be 
related to the operation and the infection involves any part of 
the anatomy (e.g., organs or spaces), other than the incision, 
which was opened or manipulated during an operation [16].

Statistical analysis

Statistical analysis was performed using SPSS software (ver-
sion 18; SPSS Inc., Chicago, IL, USA). Mean and standard 
deviation were used as descriptive statistics for continuous 
variables, whereas percentage and ratio were used to express 
categorical variables. The data were tested for normality 
using normality tests (Kolmogorov–Smirnov and Shap-
iro–Wilk tests) and histograms. Unpaired t test and one-way 
ANOVA were utilized to compare independent continuous 
variables between two and four groups, respectively, whereas 
Chi-squared test and odds ratio (OR) were utilized to com-
pare categorical variables. Multivariate logistic regression 
model was utilized to compare impacts of different factors 
on SSI rates. Statistical significance was defined as p ≤ 0.05.

Results

A total of 690 patients were included in the study and 
comparison of pre-SSI bundle versus post-SSI bundle 
patients demonstrated similar demographic characteristics 
(Table 1). The only significant difference between the two 
was a higher use of laparoscopic resection in the post-SSI 
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bundle period (35.7% after 2009 vs. 26.1% before 2009). 
Implementation of the bundle significantly reduced the 
rate of SSI, mostly due to a reduction in superficial SSI 
(Table 1).

The prevalence of DM in both periods was similar (DM-
15.3% vs. non-DM-17.4%), as was the rate of postoperative 
hyperglycemia (pre-SSI Bundle-59.4% vs. post-SSI Bun-
dle-61.7%). As expected, the DM population had a higher 
BMI, ASA score, as well as mean glucose levels (Table 2). 
Pre- and postoperative mean glucose levels were higher in 
DM patients; however, the mean postoperative glucose level 
was above the threshold of 140 mg/dL for both DM and 
non-DM patients. Importantly, the incidence of postopera-
tive hyperglycemia was similar between the DM and non-
DM groups (42.9 vs. 46%).

Patients were also stratified according to perioperative 
blood glucose levels into four groups: pre- and postoperative 
normoglycemia; preoperative hyperglycemia only; postop-
erative hyperglycemia only; and both pre- and postoperative 
hyperglycemia (Table 3). The data demonstrated that total 
and incisional SSI rates were similar, organ/space SSI rates 
were higher in both pre- and postoperative hyperglycemia 
group (12.6%) (p = 0.017). SSI rates were also analyzed in 
DM hyperglycemic versus non-DM hyperglycemic patients 
(Table 4). Overall SSI rates were significantly higher in DM 
hyperglycemic patients (p = 0.002), and there was a trend 
toward higher superficial incisional SSI rates in this group 

(p = 0.078) compared to non-DM hyperglycemic patients. 
However, deep incisional and organ/space SSI rates did not 
significantly differ (Table 4).

Discussion

The main finding of our study was that non-DM patients 
were found to have a postoperative hyperglycemia rate as 
high as 46% in spite of the SSI bundle. Our study also 
reported a positive correlation between stress hyperglyce-
mia and organ/space SSI rates regardless of the DM status.

Recent studies reemphasized the expected impact of 
poorly controlled DM on SSI rates [18] and length of hos-
pital stay [19, 20] after colorectal surgery. Conversely, the 
impact of perioperative stress hyperglycemia on SSI rates 
is not widely recognized in non-DM patients [18]. Stress-
induced hyperglycemia can occur in 30–40% of surgical 
patients; however, the incidence depends on the degree 
of surgical stress [9, 21, 22]. The PROCY randomized 
controlled trial demonstrated that preoperative carbohy-
drates loading can decrease the rate of stress hyperglyce-
mia when compared to placebo (water) (24 vs. 57%) [13]. 
The PROCY data, and the existing data on carbohydrate 
loading [23] suggest that, although a prophylaxis strategy 
can reduce stress hyperglycemia, all patients should be 
treated as there is no predictive model for who is at risk. 

Fig. 1  Surgical site infection bundle components used in the cohort
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The recent study by Keilhorn et al. [24] suggested that a 
lower dose of carbohydrate loading coupled with citrulline 
supplementation might be more effective in reducing the 
rate of perioperative hyperglycemia to as low as 7%. In 
our study, postoperative hyperglycemia occurred in 46% 
of non-DM patients and such rates did not change after 
implementation of our SSI bundle. This is likely due to the 
fact that we did not reduce the preoperative NPO duration 
of 8 h and did not use a carbohydrate loading strategy.

The concept of an SSI bundle was first introduced by 
the Institute for Healthcare Improvement (IHI) in 2001 

and was defined as 3 or more evidence-based inter-
ventions implemented in a consistent manner with the 
potential to prevent SSI [25]. While specific interven-
tions may vary in different institutions, it is the bundle 
approach that is expected to reduce SSI rates. A recent 
meta-analysis including 8515 patients found SSI rates to 
be significantly lower in patients complying with an SSI 
bundle as compared to a control group (7.0 vs. 15.1%, 
p = 0.0005) [26]. However, none of the cohort studies 
included in the abovementioned meta-analysis provided 
data on stress hyperglycemia. In our study, the SSI bundle 

Table 1  Demographics and 
perioperative variables in 
pre-bundle versus post-bundle 
patients

SSI surgical site infection, BMI body mass index, DM diabetes mellitus, ASA American Society of Anes-
thesiologists

Pre-bundle
(n = 379) (55%)

Post-bundle
(n = 311) (45%)

p-value

Age (years) ± SD 61.2 ± 14.7 61.4 ± 15.5 0.45
BMI (kg/m2) ± SD 28.45 ± 6.56 27.97 ± 6.31 0.908
Male:Female 191:188 157:154 0.982
Wound classification 0.12
 Clean/contaminated 264 (69.6%) 206 (66.3%)
 Contaminated 72 (19%) 53 (17%)
 Dirty/infected 43 (11.4%) 52 (16.7%)

Type of surgery 0.007
 Open 280 (73.9%) 200 (64.3%)
 Laparoscopic 99 (26.1%) 111 (35.7%)

Intraoperative complications 26 (6.8%) 18 (5.8%) 0.566
Mean operating time minutes ± SD 134 ± 52 143 ± 66 0.975
Breakdown to groups according to postoperative 

blood glucose level
0.527

 Postoperative normoglycemia 154 (40.6%) 119 (38.3%)
 Postoperative hyperglycemia 225 (59.4%) 192 (61.7%)

ASA score 0.288
 I 6 (1.6%) 3 (1%)
 II 85 (22.4%) 52 (16.7%)
 III 223 (58.8%) 206 (66.2%)
 IV 52 (13.7%) 41 (13.2%)
 V 13 (3.4%) 9 (2.9%)

Preoperative blood glucose level (mg/dL) ± SD 111.2 ± 37.2 116.3 ± 45.8 0.105
Postoperative blood glucose level (mg/dL) ± SD 162.8 ± 59.5 167.2 ± 69.5 0.373
Diabetes mellitus 0.465
 DM 58 (15.3%) 54 (17.4%)
 Non-DM 321 (84.7%) 257 (82.6%)

SSI rate 111 (29.3%) 53 (17%) < 0.001
 Superficial incisional 89 (23.5%) 25 (8%) < 0.001
 Deep incisional 8 (2.1%) 7 (2.2%) 0.9
 Organ space 18 (4.7%) 23 (7.4%) 0.143
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significantly reduced overall and superficial incisional 
SSI rates (p < 0.001). However, there were no differences 
in postoperative hyperglycemia rates (62 vs. 59%). Sev-
eral studies found a positive correlation between stress 
hyperglycemia and SSI rates regardless of the DM status 
[27–29]. Our study also reported a positive correlation 
between stress hyperglycemia and organ/space SSI rates 
regardless of the DM status.

The authors acknowledge that the current study has 
some limitations. First, the complication rates could have 
been underestimated since the NSQIP database only keeps 
records of 30-day follow-up data. Second, a retrospective 
single-center study might have methodological pitfalls 

imposed by selection bias. Further prospective studies are 
needed to confirm these findings.

Conclusions

This study showed that non-DM patients have a postopera-
tive hyperglycemia rate as high as 46% in spite of the SSI 
bundle. A positive correlation was found between stress 
hyperglycemia and organ/space SSI rates regardless of the 
DM status. These data support the need for a strategy to 
prevent stress hyperglycemia in non-DM patients undergo-
ing colorectal resections.

Table 2  Demographics and 
perioperative variables of 
diabetic (DM) versus non-
diabetic (non-DM) patients

SSI surgical site infection, BMI body mass index, DM diabetes mellitus, ASA American Society of Anes-
thesiologists

DM (n = 112) Non-DM (n = 578) p-value

Age (years) ± SD 67.0 ± 11.9 60.2 ± 15.3 0.008
BMI (kg/m2) ± SD 31.04 ± 8.01 27.69 ± 5.96 < 0.001
Male:Female 58:54 290:288 0.754
Wound classification 0.181
 Clean/contaminated 84 (75%) 386 (66.8%)
 Contaminated 14 (12.5%) 111 (19.2%)
 Dirty/infected 14 (12.5%) 81 (14%)

Type of surgery 0.006
 Open 90 (80.4%) 390 (67.5%)
 Laparoscopic 22 (19.6%) 188 (32.5%)

SSI bundle 0.465
 Pre-bundle 58 (51.8%) 321 (55.5%)
 Post-bundle 54 (48.2%) 257 (44.5%)

ASA score < 0.001
 I 0 (0%) 9 (1.6%)
 II 5 (4.5%) 132 (22.8%)
 III 78 (69.6%) 351 (60.7%)
 IV 23 (20.5%) 70 (12.1%)
 V 6 (5.4%) 16 (2.8%)

Preoperative blood glucose level (mg/dL) ± SD 147.5 ± 61.3 106.8 ± 32.4 < 0.001
Postoperative blood glucose level (mg/dL) ± SD 209.9 ± 60.9 156.0 ± 61.1 0.005
Breakdown to groups according to blood glucose level < 0.001
 Pre- and postoperative normoglycemia 11 (9.8%) 252 (43.6%) < 0.001
 Preoperative hyperglycemia 1 (0.9%) 9 (1.6%) 0.590
 Postoperative hyperglycemia 48 (42.9%) 266 (46.0%) 0.538
 Pre- and postoperative hyperglycemia 52 (46.4%) 51 (8.8%) < 0.001

SSI rate 35 (28.7%) 129 (22.3%) 0.042
 Superficial incisional 23 (65.7%) 91 (70.5%) 0.582
 Deep incisional 4 (11.4%) 11 (8.5%) 0.597
 Organ space 11 (31.4%) 30 (23.2%) 0.322
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Table 3  Demographics and perioperative variables compared between 4 groups according to blood glucose level

SSI surgical site infection, BMI body mass index, DM diabetes mellitus, pre- and post-normo pre- and postoperative normoglycemia, pre-hyper 
preoperative hyperglycemia, post-hyper postoperative hyperglycemia, pre- and post-hyper pre- and postoperative hyperglycemia

Pre- and post-normo 
(n = 263)

Pre-hyper (n = 10) Post-hyper (n = 314) Pre- and post-hyper 
(n = 103)

p-value

Age (years) ± SD 59.0 ± 15.2 61.1 ± 16.7 62.4 ± 15.1 63.7 ± 18.4 0.021
BMI (kg/m2) ± SD 23.77 ± 5.68 27.92 ± 7.63 28.68 ± 6.56 29.21 ± 7.55 0.037
Male:Female 148:115 6:4 144:170 50:53 < 0.001
Wound classification 0.023
 Clean/contaminated 191 (72.6%) 3 (30%) 212 (67.5%) 64 (62.1%)
 Contaminated 43 (16.3%) 5 (50%) 59 (18.8%) 18 (17.5%)
 Dirty/infected 29 (11%) 2 (20%) 43 (13.7%) 21 (20.4%)

Type of surgery < 0.001
 Open 152 (57.8%) 7 (70%) 233 (74.2%) 88 (85.4%)
 Laparoscopic 111 (42.2%) 3 (30%) 81 (25.8%) 15 (14.6%)

SSI bundle 0.577
 Pre-bundle 148 (56.3%) 6 (60%) 174 (55.4%) 51 (49.5%)
 Post-bundle 115 (43.7%) 4 (40%) 140 (44.6%) 52 (50.5%)

ASA score < 0.001
 I 5 (1.9%) 0 (0%) 3 (1%) 1 (1%)
 II 70 (26.6%) 1 (10%) 57 (18.1%) 9 (8.7%)
 III 163 (62%) 8 (80%) 197 (62.8%) 61 (59.2%)
 IV 20 (7.6%) 0 (0%) 47 (14.9%) 26 (25.2%)
 V 5 (1.9%) 1 (10%) 10 (3.2%) 6 (5.8%)

Preoperative blood glucose 
level (mg/dL) ± SD

96.0 ± 15.2 186.4 ± 87.0 102.8 ± 18.9 183.7 ± 50.7 < 0.001

Postoperative blood glucose 
level (mg/dL) ± SD

120.6 ± 13.6 130.7 ± 8.2 183.0 ± 68.7 225.1 ± 54.8 < 0.001

Diabetes mellitus < 0.001
 DM 11 (4.2%) 1 (10%) 48 (15.3%) 52 (50.5%)
 Non-DM 252 (95.8%) 9 (90%) 266 (84.7%) 51 (49.5%)

SSI rate 60 (22.8%) 3 (30%) 72 (22.9%) 29 (28.1%) 0.668
 Superficial incisional 45 (17.1%) 1 (10%) 52 (16.5%) 16 (15.5%) 0.93
 Deep incisional 5 (1.9%) 1 (10%) 7 (2.2%) 2 (1.9%) 0.391
 Organ space 12 (4.5%) 1 (10%) 15 (4.8%) 13 (12.6%) 0.017

Table 4  SSI rates in 
diabetic versus non-diabetic 
hyperglycemic patients

SSI surgical site infection, DM diabetes mellitus, OR (95% CI) odds ratio (95% confidence interval)

DM Hyperglycemic
(n = 101)

Non-DM Hyper-
glycemic
(n = 326)

OR (95% CI) p-value

SSI Overall 36 (35.6%) 68 (20.8%) 2.10 (1.29–3.42) 0.002
SSI Superficial incisional 22 (21.8%) 47 (14.4%) 1.65 (0.94–2.91) 0.078
SSI Deep incisional 4 (3.9%) 6 (1.8%) 2.20 (0.61–7.95) 0.218
SSI Organ/space 10 (9.9%) 19 (5.8%) 1.78 (0.80–3.96) 0.155
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