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Abstract

Purpose of Review Persons with diabetes are more likely to require orthopedic surgery and are at an increased risk of devel-
oping postoperative complications. Recognizing the impact of diabetes on musculoskeletal health provides an opportunity
to educate healthcare professionals in standardizing the perioperative approach of persons with diabetes.

Recent Findings Elevated hemoglobin A1C, fructosamine, and blood glucose levels have been associated with increased risk
for complications in the orthopedic population. These risks can be mitigated by the early identification and optimization of
these patients in the perioperative period. Intraoperative and postoperative glycemic management should support efforts to
maintain glucose at safe levels while avoiding hyperglycemia and hypoglycemia.

Summary This paper considers factors surrounding diabetes care in the orthopedic surgical patient. Perioperative care
discussed includes optimization, hospitalization to discharge, and special considerations such as steroids and diabetes wear-
able technology. Hospitals should consider these strategies towards enhancing the care of persons with diabetes requiring

musculoskeletal care.
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Introduction

Diabetes is a prevalent condition with more than 34.2 mil-
lion people in the United States (U.S.) affected and projected
to increase [1]. An estimated 1 in 4 patients admitted to
the hospital has known diabetes; furthermore, persons with
diabetes (PWD) are more frequently hospitalized [2]. It is
estimated that 10 to 20% of hospitalized orthopedic surgery
patients have diabetes [3]. Hyperglycemia is common in this
population during hospitalization. Corsino et al. estimated
that 22 to 46% of the non-critically ill experience hypergly-
cemia with or without a diabetes diagnosis and Umpierrez
et al. reported hyperglycemia in 32 to 38% of the inpatient
population in community hospitals [4, 5]. There is sub-
stantial evidence of the adverse effects of hyperglycemia
in the hospitalized patient with a higher rate of surgical site
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infection and increased risk of stroke, urinary tract infection,
ileus, hemorrhage, transfusion, and mortality [6, 7].

PWD are at a higher risk and incidence of musculo-
skeletal conditions that require orthopedic attention [8, 9].
Musculoskeletal symptoms are more prevalent, severe, often
overlooked, and undertreated in comparison to other more
well-known diabetes-associated conditions such as cardio-
vascular and renal complications [10]. It is theorized that
orthopedic complications in PWD are an indirect result
of underlying metabolic abnormalities affecting healing
response, neurovascular changes, microvascular perfusion,
macrovascular complications, and altered bone turnover [6].
The most common hospital-acquired infection is surgical site
infection, disproportionately affecting patients with diabetes,
particularly when blood glucose is in excess or with high
variability [11].

Preoperative Period
The preoperative period presents an opportunity for the early

identification of PWD and allows for preoperative optimiza-
tion of the patient as a risk mitigation strategy. The elements
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Table 1 Preoperative evaluation of persons with diabetes

Type and duration of diabetes mellitus

Treatment regimen; pharmacology and wearable diabetes technology
Current glycemic management

Hypoglycemia frequency, awareness, events requiring assistance
Complications related to diabetes

Surgical procedure

of an initial history for PWD are listed in Table 1. Type 1
(T1D) and type 2 (T2D) diabetes mellitus are the most com-
mon types of diabetes identified, and the duration informs
the length of time of glycemic exposure, which increases
the risk of diabetes-associated complications. Persons with
T1D produce little to no insulin and require insulin ther-
apy. Blood glucose variability, hypoglycemia unawareness,
and an increased risk of severe hypoglycemia and diabetic
ketoacidosis (DKA) are common in T1D. Persons with T2D
have insulin resistance and reduced insulin secretion. T2D
may be managed with dietary and physical activity changes
in addition to oral antihyperglycemic agents, non-insulin
injectables, and insulin. Wearable diabetes technology to
assist with diabetes management has increased in popularity
and is discussed under special considerations later in this
paper.

PWD should have a hemoglobin Alc (A1C) checked as
part of their preoperative labs [8, 12, 13]. A1C has been
the gold standard for assessing glycemic management over
time in PWD; therefore, it is used to determine eligibility for
elective orthopedic surgery [14, 15]. The A1C provides an
indirect measure of the average blood glucose for the past 2
to 3 months [14, 16]. A preoperative A1C target lacks con-
sensus and is based on the association of A1C as a predictor
for adverse outcomes in orthopedic surgery. The A1C cutoff
for surgery varies widely from less than 7 to 9% [17-19]. An
A1C goal of <8% has been widely used for PWD undergo-
ing elective surgery as an elevated A1C is associated with an
increased risk of surgical site infections [6, 20-22].

The correlation between typical A1C cutoff and outcomes
following orthopedic surgery has been inconsistent, likely
due to variations in study methodology [14, 23]. Tarabichi
et al. observed an association between elevated A1C levels
and an increased risk for periprosthetic joint infections (PJI)
[24]. Moreover, they found that an A1C >7.7% was more
suggestive of this increased risk, supporting the preoperative
AI1C target of <8% [24]. Additional measures such as fruc-
tosamine and perioperative glucose levels have demonstrated
to be of importance in evaluating postoperative outcomes
[13, 23].

While A1C is the recommended marker for glycemic out-
comes, some challenges exist with its use in preoperative
glycemic optimization, due to its lagging effect [23, 25].
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This may result in unnecessary delay of elective surgical
procedures. As a result, the use of serum fructosamine and
blood glucose levels as adjustive markers of preoperative
glycemia has been explored. Serum fructosamine is an
inexpensive test that measures the levels of glycated serum
proteins [14, 23]. It reflects a shorter glycemic average of a
2- to 3-week period in contrast to the 2- to 3-month aver-
age measured by A1C [14]. Fructosamine levels have been
found to be a useful predictor of adverse outcomes in the
orthopedic surgical population. Since serum fructosamine

Table 2 Factors that falsely

increase or decrease A1C False low Alc

Hemolysis
Hemodialysis
Blood transfusion
Pregnancy
Rheumatoid arthritis
Aspirin, antiretrovirals
Vitamin B6 deficiency
Vitamin C and E
False high Alc
Iron deficiency anemia
Pernicious anemia

Hemoglobinopathies (i.e.,
thalassemia)

Kidney disease
Jaundice
Alcoholism
Uremia

Lead poisoning

Table 3 Factors that falsely increase or decrease serum fructosamine

Low serum fructosamine (decreased protein)
Malnutrition (lack of protein in diet)
Gut disease (protein-losing enteropathies)
Hyperthyroidism
Liver disease (i.e., cirrhosis)
Kidney disease (nephrotic syndrome)
Obesity
Pregnancy
Vitamin C (high levels of ascorbic acid)
High serum fructosamine (increased protein)
Increased antibody production (i.e., IgA, multiple myeloma)
Paraproteinemia (increased bilirubin)
Hypothyroidism
Iron deficiency anemia
Uremia
Dyslipidemia
Glucocorticoids
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responds quicker to treatment in comparison to A1C, it is a
valuable marker for evaluation of short-term glycemic out-
comes [14, 23]. Several factors should be considered when
evaluating A1C and serum fructosamine results, as some
patient-specific factors may impact on its accuracy (see
Table 2, Table 3) [26-29].

Elevated perioperative average blood glucose levels have
also been associated with poor surgical outcomes including
higher 30-day mortality in the non-cardiac surgical popula-
tion [13, 15]. Van de Boom et al. found that an elevated A1C
was not predictive of 30-day mortality after controlling for
blood glucose, suggesting that perioperative glucose man-
agement may neutralize the effect of an elevated A1C on
postoperative complications [15]. Thus, their results suggest
that improving perioperative glucose outcomes may be an
important risk mitigation strategy in persons with diabetes
with an elevated A1C.

PWD are at increased risk of coronary artery disease,
diabetic kidney disease, and diabetic peripheral neuropathy
[30-33]. Given the strong association of diabetes and micro-
vascular and macrovascular disease, in addition to standard
preoperative testing, a renal panel and electrocardiogram
should be included. This will assist in assessing the car-
diac risk in response to the metabolic demands encountered
around surgery and the impact of renal function on surgical
and anesthetic management. This also allows for preopera-
tive optimization of the patient as a risk mitigation strategy.
Lower extremity peripheral vascular examination should
include assessing for any skin compromise such as a wound
or ulceration.

The nature and extent of a surgical procedure are factored
into the individualized approaches to glycemic management
perioperatively. A stereotypical stress response to surgery,
increased glycemic monitoring, and possible use of an IV
insulin infusion are more common in a major procedure with
anesthesia time of >1 h. In minor surgery, there is no spe-
cific therapy and a preoperative dose of short-acting insulin
in cases of hyperglycemia >200 mg/dl may be all that is
required [34]. Anticipated anesthesia and any steroid admin-
istration will determine the degree of impact on glycemic
control and may guide the preoperative discussion. Epidural
anesthesia or a combination of general-epidural anesthesia
would have a less significant impact on blood glucose out-
comes than general anesthesia [35].

Preoperative Optimization

Preoperative glycemic optimization is advised prior to
elective procedures given the association between orthope-
dic postoperative complications and glycemia [36]. Elec-
tive cases should be referred to their diabetes care team to
assist with optimizing glycemic outcomes in preparation for

surgery [37]. The minimum anticipated optimization period
is often 4 to 6 weeks and may be as long as 2 to 3 months.

Glycemic optimization in anticipation of a surgical pro-
cedure may include a variety of interventions, including
dietary counseling and adjustments of medication therapy.
Nutrition therapy is a crucial component of diabetes man-
agement and is perhaps the most challenging for most PWD
[38]. According to the American Diabetes Association rec-
ommendations, clinicians should provide patients with prac-
tical tools they can use to develop healthy eating patterns
with the following key components: (1) increasing intake of
non-starchy vegetables, (2) choosing whole foods over pro-
cessed whenever possible, and (3) minimizing added sugars
and refined grains, taking any medical dietary restrictions
into consideration. Intake of lean proteins is also important
with individualized meal planning [38].

Adjustments to antihyperglycemic medication therapy
will be based on diabetes type, co-morbid conditions, cur-
rent regimen, and time span available for optimization. In
patients with T1D, optimization of insulin therapy would
be the primary intervention. For those with T2D, a stepwise
approach for intensification of glucose-lowering medications
is recommended [39]. An approach of shared decision-mak-
ing when considering therapeutic agents enhances the likeli-
hood of the PWD adopting the intervention.

Motivational interviewing is useful in supporting self-
management during optimization. Diabetes survival skills,
daily management issues, and problem solving should be
included as part of the general education and continued peri-
operatively. Close engagement with the patient to review
blood glucose readings, titrate medications, and capture any
barriers or challenges encountered by the patient is needed
during the optimization process. Clear mutually agreed goals
set with the PWD including glycemic targets facilitates col-
laboration. There are no specified preoperative glucose tar-
gets, but the recommended American Diabetes Association
(ADA) outpatient glucose targets can be used; pre-prandial
80-130 mg/dl, <180 mg/dl 1-2 h postprandial [40]. Pub-
lished recommended safe ranges vary from 100 to 200 mg/
dl [11, 18]. Once glycemic targets are achieved, surgery may
be scheduled.

Preoperative Instructions

PWD should be provided with clear, written instructions on
adjustments to their medication regimen for the periopera-
tive period [13]. Fasting duration, time of surgery, half-life
of agent(s), and risk of hypoglycemia are all considered
when deciding when to withhold anti-diabetic medications
in the perioperative period [41]. If applicable, blood glucose
self-monitoring should be performed prior to departure to
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the hospital and with availability of hypoglycemia interven-
tion including when nil by mouth (NPO).

In most cases, persons with T2D can take their usual oral
antihyperglycemics the day prior to the procedure and hold
them on the day of the procedure [41]. Those on insulin
therapy will need adjustments to their insulin regimen to
prevent hypoglycemia during prolonged fasting. Therapy
adjustments should be individualized based on insulin regi-
men and patient factors. An observational study conducted
by Demma et al. found that 75% of the usual basal dose
resulted in target blood glucose of 100-180 mg/dl, and less
hypoglycemia on the day of the procedure in persons with
T2D [42]. For those that administer their basal insulin in
the morning, they may reduce the dose to 50% of the usual
basal dose [13]. Patients on mixed insulin should be advised
to take the usual evening dose the day before and hold the
morning dose the day of the procedure to avoid hypoglyce-
mia [13]. Given the complexity of diabetes management in
the fasting state, patients with diabetes should be prioritized
to early surgical scheduling times.

An effort should be made to prepare the PWD for what to
expect during their hospital stay including capillary blood
glucose monitoring in the hospital, insulin administration
regardless of home therapeutics, and expected blood glucose
lability (Table 4). This is intended to promote satisfaction
with care and help alleviate anxiety. PWD should be encour-
aged to participate in their diabetes care and management
during the hospital admission as much as possible in col-
laboration with their care team. The management of diabetes
regimens before surgery should follow standardized preop-
erative institutional guidelines for diabetes medication dose
reduction or timely temporary discontinuation of therapy for
patient safety, while attempting to maintain adequate glyce-
mic outcomes. If applicable, frequent blood glucose self-
monitoring when NPO with appropriate hypoglycemia and
hyperglycemia management instructions should be provided.

Hospital Admission
To reduce the effects of metabolic stress such as insulin

resistance due to prolonged fasting and surgery, preopera-
tive carbohydrate treatment has been used as an approach to

Table 4 Preoperative instruction for PWD

Adjustments to diabetes medications

Time of last meal

Glucose monitoring in anticipation of procedure
Management of hypo/hyperglycemia while NPO

If on an insulin pump advise on infusion set change and to bring extra
supplies

Educate on inpatient diabetes management
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improve postoperative outcomes and reduce length of stay
(LOS). The Enhanced Recovery After Surgery (ERAS) sur-
gical care pathway is a multifaceted approach to improve
postoperative outcomes and LOS, which includes carbohy-
drate loading the morning of surgery [43]. Preoperative car-
bohydrate treatment to reduce the stress response to surgery
has not been well studied in persons with diabetes and is rec-
ommended with caution in optimized patients due to the risk
of compromising blood glucose control [44]. Further studies
are needed in persons with diabetes before it is implemented
for this group, particularly in orthopedic surgery.

The admission assessment includes a review of the PWD
home medications including the time and dose of the last
diabetes medication taken. This information should be
recorded in the electronic health record (EHR). The blood
glucose should be checked with a hospital-owned device to
establish baseline blood glucose during the admission pro-
cess. A blood glucose of <70 mg/dl is defined as hypoglyce-
mia that requires taking action and should be treated imme-
diately preoperatively. Intravenous (IV) dextrose infusion is
the preferred treatment given their NPO status. If the glucose
is >200 mg/dl at the time of admission, the care team should
collaborate with anesthesia and consider treating the hyper-
glycemia with rapid-acting insulin as a glucose <200 mg/dl
is recommended in the perioperative period [14].

Intraoperative Period

Numerous factors influence intraoperative glycemic fluctua-
tions and require consistent monitoring. Elevated glucose
levels occur with infection, trauma, hypothermia, general
anesthesia, drugs such as steroids, fluids, and nutritional
support [18]. Epidural anesthesia tends to have a negligible
effect on blood glucose levels [34]. Insulin and fluid admin-
istration during surgery aims to maintain glycemic outcomes
and hemodynamic stability. During surgery, blood glucose
should be monitored every 1 to 2 h after >1 h postinduction
of anesthesia. Avoidance of hypoglycemia is a priority in
the sedated patient. A degree of hyperglycemia is accepted
with practice guidelines recommending insulin intervention
at ranges from 150 to 200 mg/dl [20]. Intraoperative blood
glucose targets recommended by several organizations range
from 140 to 200 mg/dI [20].

If subcutaneous insulin administration is the route of
choice for the management of intraoperative hyperglycemia,
it should be administered at least 2 h apart to prevent insulin
stacking [20]. IV insulin infusion has advantages over sub-
cutaneous insulin delivery due to unpredictable absorption
if there are changes in tissue perfusion. I'V insulin delivery
is the route of choice for critically ill or complex procedures,
duration of surgery longer than 4 h, to replace a discontinued
continuous subcutaneous insulin infusion (insulin pump),
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or in cases of severe or persistently elevated blood glucose
despite conservative measures. A paper-based or computer-
ized IV insulin infusion protocol based on rate of change is
recommended [45, 46].

IV fluid management often consists of either normal
saline or lactated Ringer’s (Hartmann) solutions. Recent
data does not support the suggested hyperglycemic effects
of lactated Ringer’s in persons with diabetes undergoing sur-
gery [47, 48]. Initiation of dextrose containing I'V fluid is not
required to prevent hypoglycemia in elective surgery and
can lead to transient hyperglycemia [49]. In cases of severe
hyperglycemia with metabolic acidosis, large volumes of
normal saline infusion can worsen metabolic acidosis by
increasing chloride and decreasing bicarbonate, whereas the
sodium lactate in lactated ringers serves as a buffer [50].

Postoperative Period

A transition to the postoperative phase of care should prompt
a reassessment of the patient and addressing ongoing glyce-
mic needs. Immediate blood glucose assessment is neces-
sary due to the risk of sedation and any intraoperative beta
blocker administration masking symptoms of hypoglycemia.
Postoperative management depends on the persons condi-
tion, nutritional status, and glycemic control. Postoperative
blood glucose targets outside of the intensive care setting
range from 140 to 180 mg/dl, and lower range of 110 to 140
mg/dl for select patients [12, 51, 52]. Hyperglycemia in the
hospitalized patient is a blood glucose >140 mg/dl, with a
threshold of >180 mg/dl persistently as a target for initiating
insulin therapy [12]. Continuous IV insulin infusion initia-
tion may also be considered with uncontrolled hyperglyce-
mia in the non-critically ill with a blood glucose of >300
to 350 mg/dl, or persistently >200mg/dl for >12 h, despite
subcutaneous insulin administration.

Standardized clinical guidelines for hospital manage-
ment of a PWD and any associated dysglycemia should be
implemented and include best practices as a coordinated and
collaborative effort to achieve desired outcomes. Immediate
priorities include appropriate fluid administration, electro-
lyte balance, and blood glucose management. Insulin is the
pharmacologic agent of choice to manage blood glucose in
hospitalized patients requiring glycemic management due
to its quick onset and ease of adjustment based on dynamic
individual needs [53]. Structured insulin order sets should
be implemented to increase efficiency and decrease dosing
errors. In 2009, the national recommendations for inpa-
tient glycemic management included the more physiologic
method of basal-bolus insulin therapy instead of “sliding
scale” short or rapid-acting insulin as sole therapy [54].

Antiglycemic oral agents and non-insulin injectables are
not currently recommended postoperatively until close to the

time of discharge due to the lack of safety and efficacy in
hospitals [12]. Most recently, some studies have suggested
that glucagon-like peptide-1 (GLP-1) receptor agonists and
dipeptidyl peptidase-4 (DPP-4) inhibitors are potentially
beneficial in hospitalized patients with moderate hypergly-
cemia [55].

Hospital diabetes management teams vary by institutions
based on needs and resources. The increase in the diabetes
population seeking care, advancement in diabetes therapies
and technology, potential for improved outcomes, and cost
savings are a few of the factors that support implementation
of a diabetes management program [53]. Involvement of a
diabetes service in select patients from the preoperative or
admission phase to discharge enhances the entire periopera-
tive experience and associated outcomes such as length of
stay, readmission, and mortality [56].

Discharge

Transitioning from hospital to home requires planning and
starts on admission. There is no single strategy and requires
multidisciplinary involvement. The Joint Commission and
the Agency for Healthcare Research and Quality recommend
diabetes education and assessment, medication reconcilia-
tion and appropriate prescribing, and structured discharge
communication for a safe and effective discharge [12, 57].
The most recent A1C, in addition to patient presentation
and inpatient glycemic outcomes, provides guidance for the
post-discharge regimen [58]. An A1C discharge algorithm
to promote glycemic management after discharge has been
shown to be beneficial [59]. Additional strategies for suc-
cessful discharge planning include a discharge follow-up call
within 2-3 days from discharge, home visits with diabetes
support, and a transitional care clinic in addition to sched-
uling a timely outpatient provider follow-up visit [12, 18].

Special Considerations

The prophylactic use of perioperative glucocorticoids for
nausea and pain in patients undergoing orthopedic surgery
is common [12]. Glucocorticoid administration leads to
transient hyperglycemia, more pronounced in the first 24 h
after surgery, due to an increase in insulin resistance [60].
Increases in glucose levels of up to 68% from baseline have
been observed [61]. Patients with and without diabetes with
elevated perioperative glucose are at greater risk of devel-
oping hyperglycemia after steroid administration. Careful
consideration should be given in patient selection and dos-
ing of intraoperative steroids to decrease the risk of severe
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hyperglycemia. Despite the association with hyperglycemia,
steroid therapy in this population has been found to decrease
length of stay, pain, and narcotic use [62].

Patients who receive glucocorticoids should be monitored
closely for elevations in blood glucose in the postopera-
tive phase of care. Elevations in glucose should be treated
promptly with subcutaneous insulin administration [51].
In cases of severe persistent hyperglycemia, IV continuous
insulin infusion can be considered. Tapering and discontinu-
ation of steroid should prompt prescribers to adjust insulin
therapy to decrease the risk of hypoglycemia [56].

Diabetes Technology

Diabetes technology is often utilized in T1D and increasingly
in T2D, including insulin pump and continuous glucose moni-
toring (CGM) systems. It is estimated that approximately 60%
of persons with T1D wear an insulin pump [63]. The num-
ber of persons using insulin pumps and CGMs is expected to
increase as features such as automated insulin delivery become
more available. The use of insulin pumps or CGM should be
identified during the pre-admission visit and hospital staff
should become familiar with caring for PWD wearing these
devices.

The use of an insulin pump in the hospital should be sup-
ported by an endocrine consult whenever possible. Insulin
pumps may be safely used in the hospital setting with appro-
priate patient selection, availability of a diabetes care team,
and a standardized hospital policy. Several studies have shown
no difference in hospital glucose averages between PWD con-
tinued on an insulin pump and those transitioned to subcuta-
neous insulin injections during the hospital stay [63]. Con-
siderations to discontinue the insulin pump include patient
preference and when the patient is unable to self-manage with
their insulin pump. Removal or discontinuation of the insulin
pump requires insulin replacement therapy with an IV insulin
infusion or basal and bolus subcutaneous insulins to prevent
hyperglycemia escalation and possibly ketosis [63].

Insulin pump therapy may be continued during the intraop-
erative period with some consideration. Generally, it is safe to
continue insulin pump therapy if the length of the surgery is up
to 2 to 3 h [63]. Precautionary considerations for intraoperative
diabetes technology include electrocautery, electromagnetic
field exposure, and flammable anesthetic agents [64]. Insulin
pumps and metal infusion sets should be removed for MRIs
and should be covered with a lead apron during x-rays and
computerized tomography [63].

Continuous glucose monitors (CGMs) are worn by many
persons with diabetes, especially those on multiple-dose
insulin therapy (MDI) and insulin pumps. Real-time or inter-
mittently scanned CGMs measure glucose in the interstitial
fluid. CGMs have not been approved to replace hospital blood
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glucose monitors since results may not correlate with rapid
changes in blood glucose, and often lag actual blood glucose
results. During the COVID-19 pandemic, CGMs received tem-
porary enforcement discretion from the U.S. Food and Drug
Administration (FDA) and were tried in some hospitals. In
the future, CGMs may gain FDA approval for select acute
care populations.

Conclusion

Hyperglycemia and the sequela of infection are a cause for
concern and constitutes a significant challenge in the ortho-
pedic surgical patient. The evidence is clear that the risk
of complications, including infection and increased mor-
tality, is greater in patients with hyperglycemia compared
to the general population. Instituting a process of care of
PWD undergoing orthopedic surgery from the preoperative
period through discharge home has the potential to improve
outcomes.
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