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Abstract

Aims—To determine the frequency of increasing levels of stress hyperglycemia and its associated
complications in surgery patients without a history of diabetes.

Methods—We reviewed hospital outcomes in 1971 general surgery patients with documented
preoperative normoglycemia [blood glucose (BG) <140 mg/dL] who developed stress
hyperglycemia (BG >140 mg/dL or >180 mg/dL) within 48 h after surgery between 1/1/2010 and
10/31/2015.

Results—A total of 415 patients (21%) had =1 episode of BG between 140 and 180 mg/dL and
206 patients (10.5%) had BG > 180 mg/dL. The median length of hospital stay (LOS) was 9 days
[interquartile range (IQR) 5,15] for BG between 140 and 180 mg/dL and 12 days (IQR 6,18) for
BG > 180 mg/dL compared to normoglycemia at 6 days (IQR 4,11), both p < 0.001. Patients with
BG 140-180 mg/dL had higher rates of complications with an odds ratio (OR) of 1.68 [95%
confidence interval (95% CI) 1.15-2.44], and those with BG > 180 mg/dL had more complications
[OR 3.46 (95% Cl 2.24-5.36)] and higher mortality [OR 6.56 (95% CI 2.12-20.27)] compared to
normoglycemia.

Conclusion—Increasing levels of stress hyperglycemia are associated with higher rates of
perioperative complications and hospital mortality in surgical patients without diabetes.
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1. Introduction

Hyperglycemia in hospitalized patients with and without a history of diabetes is reported in
up to 40% of critically ill patients and 32% of general medicine and surgery patients.12
Hospital hyperglycemia is commonly found in the setting of known diabetes, previously
undiagnosed diabetes, and due to acute medical illness or surgery. The term stress
hyperglycemia describes transient elevations in blood glucose in patients without a history
of diabetes that occur during acute illness or stress.3->

Several observational studies in mixed medicine and surgery populations have reported
higher morbidity and mortality in patients with newly-recognized hyperglycemia during
hospitalization when compared to those with known diabetes.6~12 In general surgery, the
development of perioperative hyperglycemia is associated with up to a 4-fold increase in
complications and a 2-fold increase in death compared to patients maintaining
normoglycemia.12-14 Different blood glucose limits have been utilized to define stress
hyperglycemia in the literature, with some studies using a BG > 140 mg/dL and other a BG
> 180 mg/dL.12-15 In addition, most studies have failed to clearly define glycemic control
prior to surgery, potentially leading to the misclassification of patients by diabetes status.
12-14 To our knowledge, no previous studies have focused on clinical outcomes associated
with increasing degrees of stress hyperglycemia in general surgery patients without a history
of diabetes and documented preoperative normoglycemia. Accordingly, we analyzed data on
perioperative glycemic control, associated complications and mortality in normoglycemic
patients undergoing non-cardiac general surgery over a 5-year period.

2. Materials and methods

2.1. Study design

We performed a retrospective observational study of 1971 patients without a history of
diabetes undergoing non-cardiac surgery at four university-affiliated hospitals in Atlanta,
GA: Emory University, Emory University Midtown, Emory University St. Joseph’s, and
Emory University Johns Creek Hospitals. Patients without a history of diabetes and with a
preoperative BG of < 140 mg/dL on no antihyperglycemic medications prior to undergoing
non-cardiac surgery were included in the study. The study was approved by the Emory
Institutional Review Board.

2.2. Data source

De-identified individual level patient data was collected from the Emory University Clinical
Data Warehouse from 1/1/2010 to 10/31/2015. This system collects data from the hospital
electronic medical records, billing systems and laboratory and pathology departments.
Demographic and anthropometric measures were collected for each subject. Prior diabetes
status was determined by ICD-9 coding, and by hemoglobin Alc (HbAlc) when available
(HbAlc = 6.5% was considered diagnostic of diabetes). Preoperative comorbidities were
also identified by 1CD-9 codes during admission dates, with comorbidity burden assessed
using the Charlson comorbidity index.1® The time period for the data analysis preceded
implementation of ICD-10 coding. Glycemic control was assessed, both preoperatively and
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postoperatively, by point of care glucose testing and serum glucose values. Glycemic control
parameters were assessed for up to 10 days postoperatively, or until time of discharge if
occurring prior to postoperative day 10.

2.3. Outcomes

Stress hyperglycemia was defined as BG > 140 mg/dL and further stratified into groups
according to severity of postoperative hyperglycemia with BG values between 140 and 180
mg/dL, and BG > 180 mg/dL. ICD-9 codes generated during the hospital stay, but not
present during admission, were used to calculate the frequency of complications including:
acute myocardial infarction, stroke, wound infection, pneumonia, urinary tract infection
(UTTI), sepsis, acute respiratory failure and acute renal failure. Acute renal failure was
defined as an increase in creatinine by =0.5 mg/dL between admission and any time during
hospitalization. Hospital mortality was assessed using hospital records during the time of
surgical admission. Incidence of both composite of complications and hospital mortality
were adjusted for age, gender, BMI, race, and Charlson score in the multivariate analysis.

2.4. Statistical analysis

We used descriptive statistics to characterize the baseline characteristics of the study
population. We summarized continuous variables by mean * standard deviation (SD) or
median with interquartile range (IQR), and discrete variables by count and percentage.
Stress hyperglycemia was categorized as BG between 140 and 180 mg/dL or BG > 180
mg/dL during the first 48 h after surgery and was compared to postoperative normoglycemia
(BG < 140 mg/dL) as the reference group. We compared continuous variables between or
among groups by using the nonparametric Kruskal-Wallis tests and compared discrete
variables by using Chi-square tests (or Fisher’s Exact tests if needed). We also employed
univariate and multivariate logistic regression to determine the association of stress
hyperglycemia with hospital complications and mortality. p values < 0.05 were considered
as significant. We performed the statistical analysis using SAS (v9.4).

3. Results

Hospital glycemic control data was analyzed for 1971 patients undergoing non-cardiac
general surgery who had no prior documented history of diabetes. During the study period,
there were a total of 11,692 patients undergoing general non-cardiac surgery. Of them, 9690
patients had missing pre- or post-operative glucose values within 48 h after surgery. A total
of 2002 patients had a pre-operative BG < 140 mg/dL; of them, 31 patients were excluded
due to HbA1c values > 6.5% leaving a total 1971 patients included in the analysis. The
clinical characteristics of the patients are shown in Table 1, grouped by post-operative
glucose levels. There was no significant association between gender or BMI and the
development of stress hyperglycemia; however, there was a significant positive association
with increasing age (p = 0.003) and Caucasian race (p < 0.001) and the development of
stress hyperglycemia. There was no significant difference observed in Charlson comorbidity
indices between groups (p = 0.12). Among major surgical types included in this analysis,
patients undergoing neurosurgery were more likely to develop stress hyperglycemia
postoperatively.
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The incidence of stress hyperglycemia increased daily during the first 72 hour
postoperatively (Fig. 1A). During the first 24 h after surgery, 25.2% of patients developed
hyperglycemia to BG > 140 mg/dL, with 7.4% of these values exceeding a BG > 180 mg/dL.
By 48 and 72 h, 31.5% and 34.6% of patients had a BG of >140 mg/dL, respectively. The
percentage of BG values >180 mg/dL was observed in 10.5% and 12.5% of patients by 48
and 72 h, respectively. Most patients developed stress hyperglycemia during the first 24 h
(25.2%), with fewer patients developing hyperglycemia during the second hospital day
(6.3%), and only 3.1% of patients developing hyperglycemia during the third hospital day.
By 48 hour postoperatively, a total of 415 patients (21%) had >1 episode of BG between 140
and 180 mg/dL and 206 patients (10.5%) had BG > 180 mg/dL.

An additional analysis of 175 (8.8%) patients who received corticosteroids both
preoperatively and within 48 hour postoperatively was performed. Among them, 89 (51%)
patients developed postoperative hyperglycemia; 56 (33%) patients with a BG between 140
and 180 mg/dL, and 31 (18%) patients with a BG > 180 mg/dL (p < 0.001).

The development of stress hyperglycemia was associated with an increase in length of
hospital stay (LOS) (Fig. 1B). Patients maintaining normoglycemia in the perioperative
period had a median LOS of 6 days (IQR 4,11). Those with hyperglycemia postoperatively
had an increase in median LOS; 9 days (IQR 5,15) for BG values 140-180 mg/dL and 12
days (IQR 6,18) for BG > 180 mg/dL (p < 0.001).

Patients who developed stress hyperglycemia also experienced significantly more
postoperative complications, including stroke, pneumonia, acute respiratory failure and
acute renal failure, as shown in Fig. 2. After adjusting for age, gender, BMI, race, and
Charlson score, patients with postoperative hyperglycemia had increased odds of developing
complications. Odds ratios for composite of complications were 1.68 (95% CI 1.15-2.44)
for patients with BG values between 140 and 180 mg/dL and 3.46 (95% CI 2.24-5.36) for
those with BG > 180 mg/dL (Fig. 3A).

The presence of stress hyperglycemia was associated with increased hospital mortality (Fig.
3B). Patients with postoperative BG 140-180 mg/dL had higher odds for mortality [OR 1.72
(95% C1 0.42-7.09)]; however, the data did not reach statistical significance. In contrast,
patients developing postoperative BG levels > 180 mg/dL had a significantly higher
mortality [OR 6.56 (95% CI 2.12-20.27)] when compared to those with normoglycemia.

4. Discussion

The present study examined the prevalence and clinical importance of varying degrees of
stress hyperglycemia during the perioperative period in patients without diabetes and
documented preoperative normoglycemia undergoing general surgery. We report that, among
patients without diabetes who had normoglycemia prior to surgery, 32% of patients
developed hyperglycemia to BG > 140 mg/dL and 10% of patients to BG > 180 mg/dL
within the first 48 h of surgery. Stress hyperglycemia was associated with increased rates of
complications at both BG levels; however, even after adjustment for multiple confounders,
those with maximum BG > 180 mg/dL experienced over a 3-fold increase in complications
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and 6-fold increase in mortality in the fully adjusted model compared to those maintaining
normoglycemia.

The present findings are consistent with prior studies in patients with hyperglycemia
undergoing general non-cardiac surgery. Among them, stress hyperglycemia was reported in
over 50% of patients both with and without diabetes, and was associated with increased rates
of surgical complications and higher mortality in those without a prior history of diabetes.
11-13 Frisch et al. reported that 30-day mortality increased for patients without a history of
diabetes in proportion to severity of hyperglycemia after non-cardiac surgery compared to
patients with normoglycemia and with a history of diabetes.1! The Surgical Care and
Outcomes Assessment Program, which included patients with and without diabetes, found
that hyperglycemia was seen in 29% of patients within 2 days following surgery and was
associated with increased postoperative complications compared to non-hyperglycemic
patients.14 Similarly, identification of patients with stress hyperglycemia is important in
critically-ill and cardiac surgery patients because previous randomized controlled studies
have shown that treatment of stress hyperglycemia in patients without diabetes reduces
complications and improves overall outcomes.1”:18 Vian den Berghe et al.1” and Umpierrez et
al.18 showed that, while intensive insulin treatment of critically-ill and coronary artery
bypass surgical patients did not impact outcomes for patients with diabetes, those with stress
hyperglycemia had significant improvement in complications targeting lower glucose values

(80-110 mg/dL and 110-140 mg/dL, respectively) when compared to higher glucose targets.
17,18

Several mechanisms of the impact of stress hyperglycemia on vascular function and wound
healing have been proposed. Stress hyperglycemia results from metabolic and hormonal
changes associated with the acute response to injury and stress.*19 Acute illness, surgery, or
trauma may raise levels of counter-regulatory hormones such as glucagon, cortisol,
epinephrine, and growth hormone. This results in changes in carbohydrate metabolism
leading to increased hepatic glucose production and insulin resistance.29-21 Stress
hyperglycemia leads to increased oxidative stress and formation of pro-inflammatory
cytokines including tumor necrosis factor-a, Interleukin-1 and Interleukin-6.22-25 Human
and animal studies suggest that episodes of hyperglycemia may directly promote thrombosis
and vascular injury through increased platelet activation and reduced fibrinolysis.26:27 Thus,
it seems that stress hyperglycemia leads to both direct and indirect effects on inflammation
and vascular injury, resulting in increased hospital complications seen in the current and
prior studies.

We acknowledge several limitations to this study. This is a retrospective analysis that relies
on electronic hospital data, primarily ICD9 coding, to report on comorbidities and
complications. Only diagnoses present at the time of admission were reported for
comorbidities. However, it is possible that some comorbidities were not identified on
admission and may have erroneously been considered as complications. Diagnosis of
diabetes was based on ICD-9 coding on admission, and because HbAlc testing is not done
for all hospitalized patients, it is possible that some patients with both diagnosed and
undiagnosed diabetes were included in the analyses. To help address this, patients who had
HbA1c data available during admission were excluded if HbAlc was =6.5%, even if
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diabetes had not been diagnosed by 1CD-9 codes. In addition, we do not know if patients
with persistent hyperglycemia during multiple days developed higher rates of complications
compared to subjects with a single episode of hyperglycemia. Finally, due to the
observational design of the study, it is not possible to determine whether stress
hyperglycemia is a direct contributor to complications or simply a marker of stress for
higher risk individuals.

5. Conclusion

The present study demonstrated that among patients without a history of diabetes with
normoglycemia prior to surgery, the development of stress hyperglycemia to BG values
>140 mg/dL and >180 mg/dL is associated with increased hospital complications and
mortality compared to patients maintaining normoglycemia (<140 mg/dL). Higher rates of
perioperative complications and mortality were observed in patients with BG > 180 mg/dL
compared to patients with BG between 140 and 180 mg/dL. These findings highlight the
importance of obtaining perioperative information regarding glycemic control in general
surgery patients. The association of perioperative glucocorticoid administration with the
development of stress hyperglycemia also emphasizes the need for further assessment of
patients receiving these medications. It remains uncertain whether stress hyperglycemia
directly leads to complications, or if it is simply a marker of increased stress and
inflammation. Future studies targeting treatment and prevention of stress hyperglycemia are
needed to determine whether it plays a direct role in clinical outcomes.
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Fig. 1.

(A?) Frequency of post-operative hyperglycemia. The frequency of post-operative
hyperglycemia to BG values > 140 mg/dL and percentage of values > 180 mg/dL increased
within the first 72 h of surgery. (B) Length of hospital stay by postoperative blood glucose
levels. The development of stress hyperglycemia significantly increased the hospital length
of stay (LOS), with average hospital days increasing with the degree of hyperglycemia.
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Fig. 2.
Hospital complications by postoperative glucose values. Patients developing stress

hyperglycemia, both to BG values 140-180 mg/dL and >180 mg/dL, had significantly
higher frequency of stroke, pneumonia, acute respiratory failure and acute renal failure, as
well as an overall higher occurrence of a composite of hospital complications.
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(A) Stress hyperglycemia and complications. Crude odds ratios (OR), and model adjusted

for age, gender, BMI, race, and Charlson score for the association of stress hyperglycemia
categories and composite of complications (acute MI, stroke, wound infection, pneumonia,
UTI, sepsis, acute respiratory failure and acute renal failure). (B) Stress hyperglycemia and

mortality. Crude odds ratios (OR), and model adjusted for age, gender, BMI, race, and

Charlson score for the association of stress hyperglycemia categories with mortality.
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Baseline patient characteristics stratified by post-operative glycemic control.

Table 1

Normoglycemia  Stress hyperglycemia p-Value
<140 mg/dL 140-180 mg/dL  >180 mg/dL
# patients 1350 415 206
Age, years 56.2 +18.5 59.3+17.2 59.0+17.6 0.003
Male gender, n (%) 640 (47) 208 (50) 101 (49) 0.6
BMI, kg/m? 26.3+6.9 27170 262+75 0.14
Race, n (%) <0.001
Caucasian 715 (53) 279 (67) 138 (67)
African-American 635 (47) 136 (33) 68 (33)
Charlson score 2420 2420 26+19 0.12
Type of surgery, n (%)
General surgery 207 (62) 86 (26) 42 (12)
Orthopedics 89 (66) 30 (22) 15 (11)
Gastrointestinal 523 (83) 65 (10) 39 (6)
Neurosurgical 92 (44) 79 (38) 39 (18)
Thoracic 201 (66) 68 (22) 35 (12)
Other 238 (66) 87 (24) 36 (10)

Legend: BMI (body mass index).
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