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ABSTRACT
Uncontrolled diabetes increases the risk of postoperative complications including surgical
site infection, acute renal failure, and mortality. Further, the stress of surgery and anesthesia
increase counter regulatory hormones which contribute to an insulin resistant state and can
lead to hyperglycemia, even in patients without known diabetes. Hyperglycemia impairs
neutrophil function, and increases inflammatory cytokines and formation of reactive oxygen
species. These changes lead to cellular damage and dysfunction of the immune and vascular
systems. Recognizing patients at risk for perioperative hyperglycemia during the preoperative
assessment provides an opportunity to intervene on glycemic control. Further, attention to
glycemic control on the day of surgery and postoperatively with active management of blood
glucoses with insulin has been shown to improve outcomes. This article reviews perioperative
complications associated with diabetes and hyperglycemia, and provides guidelines for
assessment and management of the patient preoperatively, on the day of surgery and
postoperatively. It also provides a protocol for treating hypoglycemia in the hospital setting.

Introduction
Diabetes mellitus affects 30.3 million people in
the United States [1], and an estimated 25%
of patients with diabetes will require surgery
[2]. Diabetes is a risk factor for postoperative
complications including surgical site infections,
postoperative myocardial ischemia, acute
renal failure, ileus, and increased length of
hospitalization [3-7]. Patients with diabetes
are 1.5 times more likely to develop a surgical
site infection [8]. Each surgical site infection is
estimated to cost $7,000 to $38,000 and extend
the length of stay by 10 days [9].
In addition to patients with known diabetes,
up to 10% of patients presenting for surgery
may have previously undiagnosed diabetes
[10,11]. This may lead to higher perioperative
glucoses [10]. Moreover, these patients have
a higher risk of mortality in the perioperative
period than patients with known diabetes [11].
Hyperglycemia noted in surgical or critically ill
patients without a known diagnosis of diabetes it
is often referred to as stress hyperglycemia [12].

Patients with newly diagnosed hyperglycemia in
the hospital have a higher in-hospital mortality
rate (16%) compared with patients with known
diabetes (3%) and patients with normal glucoses
(1.7%; both p<0.01) [13].
The pathophysiology behind hyperglycemia
and poor surgical outcomes is complex. The
stress of surgery and anesthesia increase the
levels of counter regulatory hormones, which
subsequently cause a state of insulin resistance
and raise glucose level. Hyperglycemia has
been shown to impair neutrophil function as
well as lead to overproduction of inflammatory
mediators and reactive oxygen species leading to
cellular damage, and subsequent immune and
vascular dysfunction [14,15].
Controlling blood glucoses in the perioperative
setting improves surgical outcomes. Cardiac
surgery patients have decreased mortality
when glucoses are controlled with continuous
intravenous (IV) insulin infusion [16]. Further,
a randomized multicenter trial demonstrated
improvement in the composite outcome of
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wound infection, pneumonia, bacteremia,
and respiratory failure, and acute renal failure
[17]. This review discusses the pathophysiology
and resulting complications of perioperative
hyperglycemia, and the management of diabetes
in the perioperative period including preoperative
evaluation, day of surgery management, and
postoperative care.

chemotaxis, phagocytosis, and bactericidal
destruction [15]. The increase in reactive oxygen
species from hyperglycemia may result in
damage at the cellular level, and immune, and
vascular dysfunction [22]. The combination
of these changes likely contributes to the poor
wound healing and increased risk of surgical site
infection in patients with uncontrolled diabetes.

Pathophysiology of perioperative
hyperglycemia

Preoperative evaluation and treatment

There are many factors that contribute to
hyperglycemia in the perioperative setting. Surgical
stress increases secretion of counter regulatory
hormones including cortisol, catecholamines,
growth hormone and glucagon. The impact of
these excess hormones is widespread. Cortisol
stimulates gluconeogenesis and protein catabolism.
Catecholamines inhibit insulin secretion and
increase glucagon secretion. Counter regulatory
hormones also increase lipolysis resulting in
increased levels of free fatty acids. Free fatty acids
further impair glucose uptake in skeletal muscle.
Thus, the cumulative result is an increase in hepatic
glucose production, decrease in glucose uptake
and utilization, and inhibition of insulin secretion
from the pancreas resulting in hyperglycemia and
insulin resistance [14,18].
In addition to the surgery and anesthesia,
dexamethasone is frequently given during surgery
to help with postoperative nausea and pain and
to decrease length of stay [19,20]. However,
dexamethasone may also raise blood glucose and
the potential complications related to steroidinduced hyperglycemia in this population has
not been well studied. Only 3 of 45 studies
in a meta-analysis evaluating the effects of
dexamethasone measured perioperative glucose.
Further, none of the studies evaluated the
effects of dexamethasone on glucose in patients
with diabetes [21]. Thus, further research is
needed to help delineate the risks and benefits
of perioperative dexamethasone use in patients
with diabetes.
The combination of the surgical stress, anesthesia
and steroids may result in hyperglycemia.
Hyperglycemia leads to the production of
inflammatory cytokines (tumor necrosis factoralpha, interleukin-6, interleukin-1beta). These
cytokines further contribute to insulin resistance,
potentially by interfering with signaling of the
insulin receptor and/or the glucose transporter-4
receptor [22]. Further, hyperglycemia impairs
neutrophil function by limiting adherence,
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 A. Role of measuring A1c

Poor glycemic control is associated with
postoperative complications and increased
mortality. However, the impact of glucose
control in the preoperative period versus the
intra- and postoperative setting has been less
clear. Several studies have shown an association
between elevated preoperative A1c and
postoperative complications and/or mortality
[23,24]. Additional studies have found an
association between elevated perioperative
blood glucose levels and mortality [25]. Further
investigation into the effects of preoperative A1c
and perioperative glucose levels on postoperative
mortality demonstrated that preoperative A1c
is indeed an excellent predictor of perioperative
glucose control. However, when controlling for
each other, perioperative glucose control was
clearly associated with postoperative mortality
whereas preoperative A1c was not [26]. Thus, an
elevated A1c can best help by identifying patients
that need focused attention on glycemic control
in the perioperative period. Of note, an A1c of
6.5% or higher is diagnostic for diabetes [27]
and the target A1c for most nonpregnant adults
with diabetes is less than 7 to 8% depending on
their concomitant comorbidities [28]. Providers
should consider checking an A1c on any surgical
patient with a history of diabetes if the A1c
has not been assessed within the last 90 days.
Screening criteria for diabetes in patients without
known diabetes are listed in (TABLE 1) [27].
There have been no prospective randomized
trials that have evaluated the impact of
controlling blood glucose prior to surgery.
However, large clinical trials have demonstrated
reduction in micro vascular and macro vascular
complications with improved glycemic control
in patients with type 1 and type 2 diabetes [2932]. Patients with type 1 diabetes randomized
to intensive insulin therapy (resultant A1c
7.2%) had a reduction in the incidence of
retinopathy by 76%, neuropathy by 69%, and
micro albuminuria by 34% compared with
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Table 1. American Diabetes Association Screening Criteria for Diabetes (27)
All patients age 45 years; if normal repeat at least every 3 years
Patients with BMI >25 kg/m2 (>23 in Asian Americans) and one additional risk factor*
Patients with history prediabetes should be tested annually
Women with history of gestational diabetes should be tested every 3 years

*Risk factors: first degree relative with diabetes; high-risk race/ethnicity; history of cardiovascular disease;
polycystic ovary syndrome or other conditions associated with insulin resistance; hypertension; low HDL
and/or high triglycerides; physical inactivity.

patients with type 1 diabetes randomized to
conventional treatment group (resultant A1c
9.1%). Furthermore, intensive insulin therapy
decreased progression of all three micro vascular
complications in patients that had baseline
abnormalities [29]. Follow up 17 years after the
intervention demonstrated 42% reduction in
cardiovascular disease, and 57% reduction in the
risk of nonfatal myocardial infarction, stroke, or
death from cardiovascular disease [30]. Similarly,
patients with type 2 diabetes randomized to
intensive glucose control with oral medications
or insulin (resultant A1c 7%) experienced a
25% risk reduction in micro vascular endpoints
compared to patients in the conventional group
(resultant A1c 7.9%) [31]. Follow up ten years
later demonstrated additional risk reductions
for myocardial infarction (15%, p=0.01) and
death from any cause (13%, p=0.007), with even
more substantial reductions in the group treated
with metformin (33% reduction in myocardial
infarction, p=0.005; 27% reduction in death
from any cause, p=0.002) [32]. Thus, identifying
patients with poorly controlled diabetes and
aiming to improve glucoses prevents microand macro vascular complications. Based on
this reasoning and the opportunity to identify
patients preoperatively, some institutions have
programs to identify and treat poorly controlled
diabetes preoperatively [22,33,34]. Although the
long term benefits of these programs remain to
be seen, the proportion of patients presenting
on the day of surgery with a blood glucose
level>200 mg/dl decreased from 33% to 20%
at one institution after implementation of their
preoperative program [34]. In addition, early
results from patients going through a similar
process resulted in a median glucose on day of
surgery of 151 mg/dl [35].
 B. Carbohydrate loading before surgery

In recent years, enhanced recovery after surgery
has allowed clear fluids including carbohydrate
(CHO)-rich beverages a couple of hours prior
to surgery. By altering the catabolic response to
surgery that normally occurs in the fasting state,
the preoperative consumption of CHO-rich

beverages may reduce insulin resistance. Wang
et al. found that colorectal patients randomized
to preoperative CHO had lower postoperative
insulin resistance compared to those who were
fasting or received placebo, and this appeared to
be from stimulation of the phosphatidylinositol
3-kinase/protein kinase B signaling pathway
[36]. CHO-rich beverages have also been shown
to improve patient well-being before surgery by
reducing thirst, hunger and anxiety [37]. It is
less clear whether patients with diabetes will have
similar benefits. There is concern about potential
delay in gastric emptying in patients with diabetes
which may increase aspiration risk, as well as
hyperglycemia from the CHO load. A small
study comparing 25 patients with type 2 diabetes
to healthy controls did not find a difference in
gastric emptying, however, there was transient
hyperglycemia noted in the patients with diabetes
that resolved by 180 minutes [38]. These findings
are overall reassuring; however, further study is
needed to clarify the risks and benefits of CHO
loading in patients with diabetes.
 C. Preoperative medication

recommendations

Patients with diet controlled diabetes do not
generally require medications for their diabetes
before surgery, but should have close postoperative
monitoring to evaluate for hyperglycemia related
to the surgery, steroids, etc. For patients with
type 2 diabetes treated with oral medications
or non-insulin injection therapy, medications
can be given as usual the day prior to surgery,
but held on the morning of surgery [39]. It is
notable that recent evidence demonstrates that
dipeptidyl peptidase 4 (DPP4) inhibitors are safe
in patients undergoing noncardiac surgeries [40].
Further studies including cardiac and general
surgery patients are underway.
For patients with either type 1 and type 2
diabetes, basal insulin therapy (glargine, levemir,
degludec) is continued but at a reduced dose
(often 75-80% of normal dose starting the night
prior to surgery) [22]. Prandial insulin therapy
(lispro, aspart, glulisine) is given as normal the
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day prior to surgery but held on the day of
surgery if the patient is fasting. Patients treated
with NPH or mixed insulin should consider
reducing the dose the night prior to surgery by
20-25% as well as the day of surgery by 50%
[22,39]. The treatment of patients that use
continuous subcutaneous insulin infusion (CSII)
pumps to control their glucoses is discussed in a
separate section.
Day of Surgery
The American Diabetes Association recommends
target blood glucose levels of 80 to 180 mg/dl
in the perioperative setting. If insulin is used
to treat hyperglycemia, the glucose treatment
goal for most patients is 140 to 180 mg/
dl, and 110 to 140 mg/dl for select patients
if this can be achieved without significant
risk for hypoglycemia [39]. These treatment
recommendations are fairly consistent with those
of the Joint British Diabetes Societies who also
recommend initiating insulin therapy if glucoses
are >80 mg/dl and targeting glucoses between
108 to 180 mg/dl in most patients [41,42].
Blood glucose testing should be completed
preoperatively and every 2 hours intraoperatively
for patients with diabetes [22,33]. If patient
experiences hypoglycemia, intravenous dextrose
should be administered with reassessment of
glucose, more frequent glucose monitoring, and
consideration of a continual dextrose-containing
IV solution during surgery (see Hypoglycemia
section for more details).
Patients with hyperglycemia (glucose >180
mg/dl) should be treated with subcutaneous
or intravenous insulin infusion during surgery
[39,42]. Patients undergoing short procedures
can often be treated with a single subcutaneous
dose of correction insulin, preferably rapid
acting insulin analogs (lispro, aspart, glulisine)
over regular insulin because rapid acting analogs
work faster to bring the glucose down and are
less likely to cause hypoglycemia [22]. Critically
ill patients and those undergoing long and
complex procedures should be treated with IV
insulin. IV insulin has a short half-life which
allows for rapid titration to achieve control of
glucoses. There is a number of paper IV insulin
protocols published. Alternatively, computerbased algorithms may more rapidly control
glucoses with less variability and hypoglycemia
in glycemic control than paper protocols [43]
and have been shown to be safe in the operating
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room [44]. However, the cost of these programs
and available resources need to be weighed when
considering implementation. Patients treated
with IV insulin need to have glucoses monitored
at least every 1-2 hours depending on the IV
insulin protocol, and perhaps more frequently if
the rate of blood glucose fall is rapid or glucose is
in the low end of the target range.
Postoperative Care
Patients that have required IV insulin infusions
can be transitioned to subcutaneous insulin once
infusion rates are stable and glucoses controlled,
particularly if a diet has been initiated. Because
IV insulin has a very short half-life, the
subcutaneous insulin should be administered
prior to discontinuation of IV insulin [45].
The basal infusion rate during fasting is a
good predictor of basal subcutaneous insulin
requirements, however, providers often reduce
the amount by 20% upon transition [46]. For
instance, if a patient required 1.5 unit/hour of
IV insulin overnight, this would suggest a basal
need of approximately 36 units of insulin daily.
However, reducing this by 20% would result in
a starting basal dose of 30 units of insulin daily.
Some institutions have dedicated pharmacists or
diabetes providers to help with the transition of
IV insulin to subcutaneous regimens. Inpatient
diabetes management by a specialized team has
been shown to reduce 30-day readmission rates,
reduce inpatient diabetes cost, and improve
adherence to follow up and transition of care.
Further, length of stay is significantly shortened
if the diabetes team is consulted during the first
24 hours of admission [47].
Patients not requiring IV insulin infusion
but whose diabetes has been treated with
subcutaneous insulin, oral medications or
non-insulin injectable therapy often require
basal insulin therapy in the hospital to control
glucoses. If baseline basal insulin requirements
are unknown, initiating basal insulin therapy at
0.1 to 0.25 unit/kg/day is a good place to start
[22]. Patients that are insulin sensitive (type 1,
thin body habitus), elderly, or have impaired
renal function should be started on the lower end
of the range. Patients that are obese or insulin
resistant often need higher doses of basal insulin.
Prandial insulin (starting at 0.1 to 0.25 unit/
kg/day, thus 0.03 to 0.08 unit/kg/meal) is often
required when patients are eating well [22].
A randomized controlled trial demonstrated
that basal bolus (basal insulin plus bolus
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prandial insulin) therapy reduces postoperative
complications including wound infections
compared to those treated with only sliding scale
[17]. Alternatively, basal insulin plus correction
insulin (the Basal Plus approach) can effectively
control glucoses in surgical patients in whom
it is less certain how well they will eat [48]. In
addition, a recent prospective randomized trial
demonstrated that basal insulin plus a DPP-4
inhibitor can be effective in noncardiac surgical
patients with type 2 diabetes treated at home with
diet, oral medications, or low dose subcutaneous
insulin (total daily dose of 0.4 unit/kg/day or less)
[40]. Although not demonstrated in this small
study, it seems plausible that a combination of
basal insulin and DPP4 inhibitor therapy may
have less hypoglycemia and improved patient and
staff satisfaction compared to basal bolus therapy.
Larger studies are ongoing to further evaluate the
role of DPP4 inhibitors in surgical patients.
Continuous subcutaneous insulin infusion
(CSII) therapy
Hospitals should have standardized procedures
for patients that use subcutaneous insulin (CSII)
pump therapy [49]. Patients can either be
transitioned to an off pump plan by their primary
diabetes provider prior to surgery or can continue
pump therapy until they present for their surgery.
Depending on the baseline level of glycemic
control, the basal rate the night prior to surgery
may need a reduction in rates [39], particularly if
blood glucose trends down overnight at baseline
or if glucoses in the mornings are in the low to
low-normal range. However, many patients with
appropriate basal rates in their CSII do not need
to decrease their basal rate the night prior surgery.
If their procedure is not compatible with CSII
(surgery is long and complex, radiology exposure
incompatible with the pump), the patient can be
transitioned to intravenous insulin therapy for
the procedure with resultant resumption of CSII
once the patient is able to manage their pump.
Alternatively, a basal bolus subcutaneous regimen
calculated by their current pump settings and
prandial requirements can be initiated in the
perioperative setting. However, it is important
to remember that patients with type 1 diabetes
always need some form of basal insulin on board.
Diabetic emergencies in the perioperative
period
 A. Hypoglycemia

Historically, hypoglycemia has been defined

Review Article

as glucose<70 mg/dl and severe hypoglycemia
as glucose<40 mg/dl or evidence of severe
cognitive impairment requiring assistance. It has
recently been recognized that glucoses<54 mg/
dl are associated with increased mortality and
thus considered serious, clinically important
hypoglycemia [50]. Although hypoglycemia
is uncommon intraoperatively, glucoses
should be monitored since hypoglycemia may
not be recognized while under anesthesia or
immediately postoperatively when the patient
is still experiencing the effects of anesthesia. If
hypoglycemia is not recognized and treated, it
could lead to seizures, arrhythmias, and death
[51]. In the preoperative and intraoperative
setting, patients with glucose <80 mg/dl should
receive a dextrose-containing IV solution and
this should continue until the patient is able
to eat and drink [22,33]. The percentage of
dextrose and rate per hour should be dictated by
the clinical situation. Postoperatively, hospitals
should have nurse driven protocols to treat
glucoses<70 mg/dl that includes notification of
providers (FIGURE 1).
 B. Diabetic ketoacidosis or

hyperosmolar non-ketotic state
Patients presenting for surgery with evidence
of severe dehydration, diabetic ketoacidosis,
or hyperosmolar hyperglycemic non-ketotic
state should have their surgery postponed if
possible [52]. Further, patients scheduled for
elective surgeries that have presence of ketosis
or symptomatic hyperglycemic non-ketotic
state may benefit from delaying surgery in order
to provide treatment of hyperglycemia [22].
Patients without these findings who present with
hyperglycemia can be treated with IV insulin
infusion or subcutaneous insulin, however, if
glucoses remain persistently elevated, postponing
the surgery could be considered depending on
the urgency of surgery.
Conclusion
Diabetes and hyperglycemia are significant risk
factors for postoperative complications. However,
recognition and treatment of hyperglycemia in the
perioperative setting has been shown to improve
outcomes. Although current trials are evaluating the
role of DPP4 inhibitors, insulin is most often used
to control glucoses perioperatively. Subcutaneous
and IV insulin protocols can help patients reach
their glycemic goals in the hospital and close follow
up after discharge should be arranged to ensure
continued glycemic control for optimal wound
healing.
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DUHS Hypoglycemia Protocol for Adults
April 2018

*Possible symptoms of hypoglycemia:
Shakiness, irritability, nervousness, sweating,
hunger, lightheadedness, pallor, headache,
inability to concentrate, confusion, slurred
speech, loss of consciousness, and/or
seizures

Patient with
BG <70 mg/dl
OR
BG < 80 mg/dl with symptoms*

Able to
take PO?

No

Yes

No

IV access?

Yes

Give ONE of the following (15 grams carbohydrate):
•
4-6 oz juice PO or via tube
•
4-6 oz sugar soft drink PO or via tube
•
Glucose gel PO

Give ONE of the following:
•
For BG > 50 mg/dl:
12.5 gm (25 ml) D50 IV
•
For BG < 50 mg/dl:
25 gm (50 ml) D50 IV

1 mg Glucagon IM

Recheck BG 15-20 minutes after treatment and then notify provider (See page 2 for suggested SBAR) communication)

Repeat
Hypoglycemia
Protocol until BG >
80 mg/dl

Yes

BG <80
mg/dl?

No
Able to

No

take PO?

Yes
Next estimated
meal time >45
minutes?

Yes

Give ONE of the following:

4 crackers with 1 peanut butter

8 oz milk

2 graham crackers with 1 peanut butter

1/2 can nutritional supplement

No

Give meal tray immediately
upon arrival to reduce risk of
recurring hypoglycemia

Discuss with provider if dextrose
source is needed
(i.e., D5 or D10 infusion)
to reduce risk of
recurring hypoglycemia

Recheck within one hour after BG has risen to 80 mg/dL or greater.
Then resume BG monitoring as ordered

Figure 1. DUHS hypoglycemia protocol for adults
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