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Abstract

Background: Hyperglycemia during perioperative stress is a common metabolic consequence of surgical stress
and has been associated with infectious complications and impairment in tissue repair. Higher glucose levels
may hinder neutrophil function, endothelial response, collagen formation, and microvascular perfusion in the
wound, ultimately affecting wound healing. In this study, perioperative glycemic control was assessed for SSI,
delayed wound healing, wound dehiscence, and postoperative recovery after major abdominal surgery.
Methods: A prospective observational cohort study enrolled 260 adults who were undergoing abdominal
surgery. Blood glucose was measured preoperatively, intraoperatively and 48 hours postoperatively. Patients
were classified as having adequate perioperative glycemic control when glucose was <180 mg/dL and
hyperglycemic when one or more clinically relevant perioperative measurements were >180 mg/dL. The
surgical wounds were assessed for 30 days. The primary outcome was SSI, clinically significant wound
dehiscence or delayed wound healing. Multivariable logistic regression was used to identify independent
predictors.

Results: Of the 260 participants, 178 (68.5%) had glucose <180 mg/dL and 82 (31.5%) developed perioperative
hyperglycemia. SSI was reported in 6.7% of the patients with properly controlled glucose and 20.7% of patients
with hyperglycemic conditions (p=0.001). Time to heal was 9.6% compared to 24.4% (p=0.002), and wound
dehiscence occurred in 3.4% compared to 9.8% (p=0.036). The wound complication rate was 14.6% compared
to 36.6% (p<0.001). After accounting for this, glucose >180 mg/dL was still associated with wound
complications independently (adjusted odds ratio 2.85; 95% CI 1.48-5.49; p=0.002).

Conclusion: Perioperative hyperglycemia was associated with poorer surgical wound outcomes and longer
recovery. Structured glucose surveillance and safe correction of significant hyperglycemia may be an important
modifiable component of perioperative wound-protection strategies.
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Introduction

Surgical wound healing is a complex biological and hypothalamic-pituitary-adrenal  axis and

process that takes place through hemostasis,
inflammation, cellular proliferation, angiogenesis,
extracellular matrix deposition, epithelialization,
and remodeling. The successful repair is dependent
on local perfusion, oxygen availability, nutritional
status, bacterial burden, surgical techniques, and
metabolic  environment.  Hyperglycemia  is
especially important since it is common in surgery
and is present in both patients with diabetes and
those who have no prior diagnosis. The operative
stress can activate the sympathetic nervous system
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increase catecholamines, cortisol, glucagon, and
inflammatory mediators. There have been clinical
studies that link this metabolic response to
postoperative morbidity. Frisch et al. reported that
perioperative hyperglycemia in noncardiac surgery
was associated with infectious complications,
longer hospital and intensive care stays, renal
dysfunction, and mortality [2]. In a large
multicenter study, Kwon et al. showed that
perioperative glucose levels above 180 mg/dL were
associated with higher incidence of postoperative
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infection and adverse outcomes and that
appropriate insulin treatment mitigated some of
these risks [3]. Ata et al. also found postoperative
glucose elevation to be the major predictor of SSI
in general surgical patients and showed a
particularly clear relationship after colorectal
procedures [4]. These findings suggest that
perioperative glucose may provide prognostic
information not only for diabetes diagnosis but for
other diseases too.

The biological mechanisms are realistic and clinical
implications are important. Hyperglycemia may
reduce neutrophil chemotaxis, phagocytosis and
intracellular killing; lead to oxidative stress and
endothelial dysfunction; and may compromise
capillary perfusion and tissue oxygenation. In
parallel, prolonged metabolic dysregulation may
affect fibroblast activity, collagen synthesis, matrix
organization & epithelial repair. The surgical
wound could be more susceptible to bacterial
colonization and lose cellular and structural
resources to heal as expected. And this mechanistic
overlap is why dysglycemia may manifest as SSI,
delayed epithelialization, poor tensile strength and
wound separation rather than as infection alone.

Perioperative glucose management is thus far the
key to SSI prevention. The Centers for Disease
Control and Prevention recommend intraoperative
glycemic control with blood glucose below 200
mg/dL [5]. The American Diabetes Association and
Endocrine Society also recommend structured
inpatient glucose monitoring and treatment for
clinically significant hyperglycemia while avoiding
unnecessary hypoglycemia [6,7]. Research from
randomized trials and meta-analyses show that
lower perioperative glucose targets may decrease
SSI. The same is true for perioperative glucose
monitoring and treatment, which may greatly
increase hypoglycemia in critically ill patients [8].
So the goal is not just to normalize glucose in
general but to prevent long-term or severe
hyperglycemia in a safe treatment range. The
present study investigated the relationship between
perioperative glycemic control and early surgical
wound healing in adults undergoing major
abdominal surgery.

The primary objective was to compare the
incidence  of composite  wound  healing
complications  among  patients that  had
perioperative glucose <180 mg/dL and patients
with glucose >180 mg/dL. Secondary goals were to
compare SSI, delayed wound healing, wound
dehiscence, time to satisfactory healing,
postoperative length of stay, and independent
clinical predictors of adverse wound outcomes.

Materials and Methods
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Study design and setting: A prospective
observational cohort study was conducted in
consecutive adult patients who received major
abdominal surgery and required postoperative
inpatient ~ observation. The patients were
prospectively screened and enrolled according to
predefined inclusion and exclusion criteria. The
study design allowed to systematically monitor
perioperative glycemic exposure and follow up
postoperative wound outcomes without altering
standard therapy decisions.

Participants: People age 18 years or older who
had major abdominal surgery in an elective or
urgent manner were included. People with and
without diabetes mellitus were included. The
patients were excluded if they had diabetic
ketoacidosis or hyperosmolar hyperglycemic state,
active infection at the intended operative site,
established sepsis before surgery, pregnancy, long-
term  systemic  corticosteroid or powerful
immunosuppressive therapy, severe neutropenia,
terminal illness, or poor postoperative follow up.
Procedures that did not have a traditional surgical
incision and reoperation within 48 hours for
unrelated technical complications were excluded.

Perioperative assessment and glucose
monitoring: At the planning stage, age, sex, body
mass index (BMI), smoking status, diabetes
history, antihyperglycemic treatment,
comorbidities, American Society of
Anesthesiologists  physical status, operative
indication, operative duration, blood loss, and
transfusion requirement were recorded.
Hemoglobin (HbA1c) was measured preoperatively
if clinically available. Blood glucose was measured
before surgery, during induction, at intraoperative
intervals, on arrival in the post-anesthesia care unit
(around 6 hours after surgery), and then based on
clinical status in the first 48 postoperative hours.

Definition of glycemic exposure: We classified
patients prior to the main analysis. Good
perioperative glycemic control was defined as
glucose below 180 mg/dL in the monitored
perioperative period. Perioperative hyperglycemia
was defined as one or more clinically relevant
values of 180 mg/dL or more. The 180 mg/dL
threshold is a common value in both inpatient and
perioperative care to determine clinically relevant
hyperglycemia and is not the likely point for very
intensive  glucose normalization. Insulin and
nutritional management were selected by the
treating clinical team to follow practice of the
clinical team.

Wound assessment and study outcomes: The
surgical wounds were examined in their
hospitalization and follow wup at around
postoperative days 7, 14, and 30. SSI was classified
according to accepted CDC  definitions.
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Investigators observed erythema, purulent or serous
discharge, wound separation, antibiotic escalation,
drainage, debridement, and secondary closure.
Delayed wound healing was defined as not
showing sufficient epithelialization or clinically
appropriate progression of wound closure at
postoperative day 14 in a wound that was intended
for primary healing. The main outcome was a
combination of SSI, clinically significant wound
dehiscence, and delayed wound healing within 30
days. Secondary outcomes were the individual
wound endpoints, wound-related reintervention,
time to satisfactory healing, reported hypoglycemia
below 70 mg/dL, and postoperative hospital stay.

Statistical Analysis: Continuous variables were
reported as mean =+ standard deviation or median
and quartile distribution. Categorical variables were
reported as frequencies and percentages. Between
groups were compared using independent samples t
test or Mann-Whitney U test for continuous and
chi-square test or Fisher exact test for categorical
data. All clinically relevant variables and factors
related to wound complications on univariable
analysis were included in multivariable logistic
regression. Adjusted odds ratios (aORs) were
reported with 95% confidence intervals. We tested
the model collinearity and calibration before we
could interpret it. A two-sided p value < 0.05 was
considered statistically significant.

Results

We have reported on 260 patients who were
observed in perioperative glucose monitoring and
30 days of wound assessment. 178 of them (68.5%)
had glucose levels below 180 mg/dL and 82

(31.5%) developed perioperative hyperglycemia.
Those in the hyperglycemic group were more likely
to have diabetes and had higher BMI and HbAlc.
The wound contamination was similar across age,
sex, smoking status, and wound contamination.
Hyperglycemia was observed in a metabolically
higher risk population but not only for patients with
a prior diagnosis of diabetes.

Glycemic differences between groups were visible
prior to surgery and more pronounced
intraoperatively and in the early postoperative
period. Hyperglycemic patients had higher peak
intraoperative glucose, higher 6-hour postoperative
glucose and a higher mean glucose in the first 24
hours. Glycemic variability was also greater.
Documented hypoglycemia was uncommon and
was similar across groups. The wound differences
did not, however, suggest a significantly higher
percentage of treatment-related low glucose in the
well-controlled group.

Wound events were also consistent with glucose
>180 mg/dL. SSI was reported in 20.7% of
hyperglycemic patients and 6.7% in well-controlled
patients. Delayed healing occurred in 24.4% as
compared to 9.6% and wound dehiscence in 9.8%
as opposed to 3.4%. The overall wound
complication rate was 36.6% in the hyperglycemic
group compared to 14.6% in the controlled group.
Hyperglycemia was associated with longer times to
satisfactory healing of wounds and longer
postoperative hospitalization. Multivariable
analysis confirmed perioperative glucose >180
mg/dL as an independent predictor of wound
complications after adjusting for metabolic and
operative covariates.

Table 1: Baseline demographic and perioperative characteristics

Variable Glucose <180 mg/dL Glucose >180 mg/dL p value
(n=178) (n=82)
Age, years, mean+SD 54.6£13.4 56.2+12.8 0.36
Male sex, n (%) 98 (55.1) 47 (57.3) 0.74
Diabetes mellitus, n (%) 47 (26.4) 45 (54.9) <0.001
BMI, kg/m?, meantSD 26.8+4.1 28.94£5.2 0.004
HbAlc, %, meantSD 6.4£1.0 7.6£1.5 <0.001
ASA physical status 11, n (%) 44 (24.7) 31(37.8) 0.030
Current smoking, n (%) 53 (29.8) 27 (32.9) 0.61
Contaminated wound class, n (%) 22 (12.4) 15 (18.3) 0.20
Operative duration >120 min, n (%) 63 (35.4) 39 (47.6) 0.061

The baseline characteristics of perioperative
hyperglycemia were consistent with a well-
established metabolic risk. Diabetes prevalence,
BMI, HbAlc and ASA III were all higher in
patients with glucose >180 mg/dL, while age, sex,
smoking and wound contamination were not

significantly different. This indicates that glycemic
elevation occurred in a more vulnerable subgroup
but the relative similarity of some operative
variables led to further adjustments to determine if
glucose itself was still associated with impaired
wound healing.
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Glycemic parameter Glucose <180 mg/dL Glucose >180 mg/dL p value
Preoperative glucose, mg/dL 126422 171441 <0.001
Maximum intraoperative glucose, mg/dL 153+18 214431 <0.001
6-hour postoperative glucose, mg/dL 145421 208436 <0.001
Mean 24-hour postoperative glucose, mg/dL 137+19 196429 <0.001
Glycemic coefficient of variation, % 18+7 27+10 <0.001
Glucose <70 mg/dL, n (%) 9(5.1) 6(7.3) 0.47
Hyperglycemic  patients, however, exhibited not common and did not significantly differ

sustained glucose levels from preoperative to first
day of postoperative rather than a temporary
increase. Higher mean values were associated with
larger wvariability, indicating a metabolically
unstable perioperative profile. Hypoglycemia was

between groups. These findings suggest that long-
term glucose exposure and variability should be
monitored in perioperative blood glucose treatment
rather than one admission level for the risk of
wound complications.

Table 3: Surgical wound and postoperative outcomes

Outcome Glucose <180 mg/dL | Glucose >180 mg/dL | p value
(n=178) (n=82)
Surgical-site infection 12 (6.7%) 17 (20.7%) 0.001
Delayed wound healing 17 (9.6%) 20 (24.4%) 0.002
Wound dehiscence 6 (3.4%) 8 (9.8%) 0.036
Seroma requiring intervention 10 (5.6%) 9 (11.0%) 0.12
Wound-related reintervention 5 (2.8%) 6 (7.3%) 0.10
Composite wound complication 26 (14.6%) 30 (36.6%) <0.001
Time to satisfactory healing, days, median (IQR) | 11 (10-13) 15 (12-19) <0.001
Postoperative hospital stay, days, median (IQR) | 5 (4-7) 7 (5-10) <0.001

Perioperative glucose >180 mg/dL was associated
with clinically significant deterioration in different
aspects of wound recovery.

SSI was more than three times as frequent and
delayed healing and wound dehiscence were also
much higher. This was reflected in a substantially

30 A

Patients with outcome (%)

Surgical-site
infection

Delayed wound
healing

higher composite wound-complication rate and
approximately four more days to satisfactory
healing.

This indicates that dysglycemia affects infectious
and reparative aspects of wound healing, and can
lead to longer postoperative hospitalization.

BN Perioperative glucose <180 mg/dL
mmm  Perioperative glucose =180 mg/dL

Wound
dehiscence

Figure 1: Surgical Wound Outcomes According To Perioperative Glycemic Control

The graphic comparison shows that there is an
overall excess of adverse wound outcomes in
patients with perioperative glucose >180 mg/dL.
The greatest absolute differences were for surgical-
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site infection and delayed wound healing while
wound dehiscence showed the same direction of
association despite being less frequent. The same
increases across different wound endpoints suggest
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that the effects of infection are not only infectious worse in the case of clinically significant
in nature and that postoperative tissue repair is perioperative hyperglycemia.

Table 4: Multivariable predictors of composite wound-healing complications

Predictor Adjusted OR 95% CI p value
Perioperative glucose >180 mg/dL 2.85 1.48-5.49 0.002
Contaminated wound class 241 1.21-4.80 0.012
Operative duration >120 min 1.89 1.04-3.45 0.038
HbA1lc >8.0% 1.72 0.91-3.26 0.096
BMI >30 kg/m? 1.62 0.88-2.99 0.120
Current smoking 1.39 0.75-2.59 0.290
Established diabetes diagnosis 1.18 0.60-2.32 0.630

After adjusting for metabolic and operative factors,
perioperative  glucose >180 mg/dL was the
strongest independent predictor of wound
complications with nearly three times higher
adjusted odds.

Contaminated wounds and prolonged operations
were also independently associated with adverse

Perioperative glucose =180 mg/dL A

Contaminated/dirty wound A

healing. However, diabetes diagnosis itself was not
significant in the model when perioperative glucose
was taken into account.

This suggests that the immediate glycemic
environment may be more predictive for early
wound recovery than the diagnosis of diabetes
alone.
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Figure 2: Adjusted Predictors of Postoperative Wound-Healing Complications

The forest plot shows the relative contribution of
clinically relevant predictors after adjustment.
Perioperative hyperglycemia was the greatest
independent indicator of wound complications,
followed by contaminated wound class and longer
operative duration.

Although high HbAlc and obesity were estimated
to be above unity, their confidence intervals
crossed one. These findings suggest a multifactorial
model of wound failure and suggest that
perioperative  glucose elevation is a more
modifiable exposure to prognostic outcomes that is
more relevant than a set of baseline characteristics.

Discussion

Prasad et al.

This study showed a clear association of
perioperative hyperglycemia with impaired surgical
wound healing. Patients with glucose >180 mg/dL
also had more SSI, delayed healing and wound
dehiscence and it took longer for closure of the
wound to occur. The association was confirmed
with diabetes, BMI, wound contamination,
operative period and other covariates adjusted.
These findings are consistent with Frisch et al. who
linked perioperative hyperglycemia to infectious
morbidity and adverse outcomes after noncardiac
surgery [2], and multicenter analysis of Kwon et
al., who found that glucose >180 mg/dL was
associated with an increased adjusted infection risk
[3]. Similarly, postoperative glucose elevation was
a major predictor of SSI, especially after colorectal

International Journal of Current Pharmaceutical Review and Research

2125



International Journal of Current Pharmaceutical Review and Research

procedures [4]. The wound-specific pattern is
supported by several other studies. Bellusse et al.
reported that hyperglycemia at the end of
abdominal surgery and early postoperative period
independently increased SSI risk [11].

McConnell et al. found significantly higher SSI
rates in diabetic colorectal patients with mean
postoperative glucose >200 mg/dL [12]. Kotagal et
al. showed a dose-response relationship between
perioperative hyperglycemia and adverse events,
even in patients who did not have diabetes [13].
Richards et al. also found higher SSI rates in
hyperglycemic nondiabetic orthopedic trauma
patients [19]. These studies suggest stress
hyperglycemia is not to be dismissed just because
diabetes is absent.

This is biologically linked with host defense and
tissue repair. Hyperglycemia impairs neutrophil
chemotaxis, phagocytosis and intracellular bacterial
killing, compresses oxidative stress; changes
endothelial nitric oxide signaling; and can impair
microvascular perfusion at the wound level. At the
wound level, it may be associated with reduced
fibroblast efficiency and disordered collagen
deposition and impaired angiogenesis and slower
epithelialization. As such, the fact that delayed
healing and dehiscence were also seen as a result of
SSI is biologically consistent and supports
dysglycemia as the cause of wound integrity and
not infection risk alone.

More evidence for a causal effect is available in the
literature, but the optimal therapeutic target is far
from settled. Umpierrez et al. performed the
RABBIT 2 Surgery randomized study and found
that basal-bolus insulin increased glycemic control
and decreased postoperative  complications
compared to sliding-scale insulin in general
surgical patients with type 2 diabetes [14]. Furnary
et al. showed that constant intravenous insulin
reduced deep sternal wound infection after cardiac
surgery [15] and Ogawa et al. So later on, fewer
deep sternal wound infections and reduced glucose
variability were observed with continuous
postoperative insulin infusion [16]. Meta-analyses
by de Vries et al., Wang et al. and Lai et al. showed
that low perioperative glucose targets were
associated with SSI or postoperative infection but
hypoglycemia was higher with more intensive
interventions [8—10].

The counterpoint is just as important; the Cochrane
review also found very intensive perioperative
glucose control to be uncertain and warned of
increased hypoglycemia [17]. The NICE-SUGAR
trial in critically ill adults showed that targeting
near-normal  glucose  resulted in  severe
hypoglycemia and 90-day mortality compared to a
standard target of glucose up to 180 mg/dL [20].
Current advice is therefore for prevention of
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clinically significant hyperglycemia rather than
aggressive normalization. CDC recommendations
have intraoperative glucose below 200 mg/dL [5],
while recent ADA and Endocrine Society guidance
focuses on monitoring and avoidance of sustained
hyperglycemia and iatrogenic hypoglycemia [6, 7].

Preoperative HbAlc may indicate chronic
metabolic risk, but is not a substitute for
perioperative monitoring. Wong et al. found higher
HbAlc in the cases of wound infection and major
complications in abdominal surgery [18]. HbAlc
>8% had a higher point estimate but lost statistical
significance after perioperative glucose was added,
while glucose >180 mg/dL was separately
predictive. The results show that chronic glycemic
exposure and acute perioperative dysglycemia are
indeed complementary, and immediate glucose
levels may reflect the biological environment that
may be most relevant during tissue injury, bacterial
inoculation, and early repair.

The study had flaws and we could not determine
causality using the observational method.
Nutritional status, perfusion, anemia, antibiotic
timing, surgical complexity, and surgeon factors
could have continued to be confounding factors
even after many adjustments. A cutoff of 180
mg/dL for classification simplified monitoring of
the wound and intermittent tests may have missed
short-term excursions. Finally, we were not able to
infer treatment-specificity from the heterogeneous
abdominal  surgical population. In future
multicenter studies, standardized wound
assessment with continuous or high-frequency
glucose monitoring, glycemic variability, and
comparison of moderate treatment should be
included. Such work could help to determine
whether decreasing the duration and variability of
clinically significant hyperglycemia facilitates
wound healing without increasing hypoglycemia.

Conclusion

Perioperative hyperglycemia was associated with
significantly worse surgical wound outcomes, such
as more surgical-site infection, delayed healing,
wound dehiscence, longer time to satisfactory
wound recovery, and long hospitalization.

After controlling for metabolic and operative
factors, glucose >180 mg/dL was independently
associated with wound complications, and diabetes
diagnosis alone did not predict perioperative
glucose. These results suggest that glucose
surveillance should be ongoing for patients with
and without diabetes. Safe prevention and timely
correction of serious perioperative hyperglycemia
could be a fundamental and practical component of
surgical wound protection efforts.
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