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Practice points

e Patients with diabetes mellitus have increased surgical morbidity and mortality.

e Both sustained hyperglycemia and glycemic variability are associated with higher morbidity and mortality in the
surgical patient.

e Basal-bolus insulin therapy is the most effective means of controlling hyperglycemia in the postoperative inpatient.

e Inthe absence of consensus guidelines, local standards can be developed and successfully implemented that can
ultimately enhance care and ensure patient safety of the diabetes patient undergoing surgery.

e Appropriate treatment and monitoring protocols throughout the continuum of surgical care should be established.

e Institutions should assess their management of these patients as part of their overall diabetes mellitus quality
improvement efforts.

SUMMARY Patients with diabetes mellitus (DM) who undergo surgery experience higher
morbidity and mortality than patients without DM. Hyperglycemia is a determinant of risk
for surgical complications. Data are limited about whether controlling glucose improves
outcomes, but current information supports treating high glucose levels throughout the
continuum of surgical care. Despite its high-profile nature, little is known about the quality
of care provided to patients with DM undergoing surgery, and no consensus standards exist
on how to manage these patients throughout the surgical continuum. Here we provide
an overview of DM and surgery, discuss what is known about glycemic control and its
relationship to surgical outcomes in noncritically ill patients, review results of efforts to
standardize their care, and highlight areas requiring further study and discussion.

Scope of the problem KEYWORDS
Diabetes mellitus (DM) is becoming increasingly prevalent in the USA, with approximately 8.3% o diabetes mellitus

of the population (25.8 million people) now estimated to have the diagnosis [1]. The prevalence of ¢ hyperglycemia e insulin
DM continues to increase worldwide, and the number of affected persons is predicted to increase to hump e perioperative
300 million by 2025 [2]. The estimated total economic cost of diagnosed DM in 2012 was US$245 postoperative  surgery
billion, a 41% increase from the previous estimate in 2007 of $174 billion [3]. Hospital admissions
of patients with a DM diagnosis are also rising in the USA [4].

Compared with patients without DM, those with DM have an increased risk of requiring surgery.
Moreover, patients with DM who undergo surgery represent a higher risk population, with higher
morbidity (e.g., increased surgical site infections) and increased mortality. The higher morbidity
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and mortality in patients with DM are further
increased in those with poor perioperative and
postoperative glycemic control [5-7].

A substantial amount of research has exam-
ined what the optimal glycemic targets should
be in critically ill patients, including those
in the surgical intensive care unit. Data have
shown variable results in regard to the level of
glucose control that should be achieved, and
controversy remains about glucose targets
in the critically ill population [8-10]. While a
number of organizations have published recom-
mendations on management of DM in patients
undergoing surgery [11-13], surgical and non-
surgical specialties with interest in the topic
have not coordinated the mutual development
of guidelines for these patients. Consequently,
hospitals need to develop, implement and track
their own institutionally established standards.
In this paper, we provide an overview of the
management of the surgical patient with DM,
discuss what is known about glycemic control
in this population and its relationship to out-
comes, review results of efforts to standardize
the care of these patients, and highlight areas
in need of further study. This review focuses
on the noncritically ill patient with DM who
is undergoing elective surgery under general
anesthesia.

Pathophysiology
The relationship between hyperglycemia and
surgical outcomes is highly complex. During
and after surgery, even patients without DM
may experience hyperglycemia that is modu-
lated by multiple factors, including preopera-
tive metabolic state, intraoperative manage-
ment, neuroendocrine stress response, use of
certain medications (e.g., glucocorticoids), and
acute insulin resistance [14]. Hyperglycemia is
associated with abnormalities in granulocyte
adherence, impaired phagocytosis, delayed
chemotaxis and depressed bactericidal capacity.
Hyperglycemia also increases the generation of
reactive oxygen species and the concentration of
inflammatory cytokines [14]. These alterations in
cellular function and homeostasis subsequently
result in delayed wound healing, increased sus-
ceptibility to infections, delayed recovery and
the potential for end-organ dysfunction [14].
Although exposure to chronic hypergly-
cemia is associated with more complications
in the surgical patient, glycemic variability
is another glycemic marker that has recently
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emerged as a concern. Animal and in vitro
studies have demonstrated that variability in
glucose concentrations can lead to endothelial
cell damage [15,16]. Markers of oxidative stress
are elevated in patients with Type 2 DM who
experience swings in glucose levels [17]. Glucose
variability is associated with increased mor-
tality in critically ill patients (including those
in the surgical intensive care unit) [18-20], in
patients who experience sepsis [21], in patients
with burns [22], and in patients on total paren-
teral nutrition [23]. Glucose variability has also
been linked to poorer outcomes in noncriti-
cally ill patients [24]. Therefore, strategies to
control hyperglycemia in the surgical patient
may have to take into consideration not only
mean glucose levels but also methods to reduce
glucose variability.

Modeling the care of the surgical patient
with DM

Care of the surgical patient with DM occurs
along a continuum, but for purposes of quality
improvement and analysis it can be separated
into discrete preperioperative, perioperative and
postperioperative phases (Figure 1). The preperi-
operative phase includes the patient’s history of
DM and its management (i.e., mode of therapy,
presence of DM complications, metabolic con-
trol) that could impact glycemic control and
patient outcomes throughout the remaining
phases. The perioperative phase is separated
into preoperative, intraoperative and postanes-
thesia recovery segments, which are defined by
discrete start and end times. The postperiop-
erative phase represents the management that
would occur following discharge from the pos-
tanesthesia care unit (PACU). The postperiop-
erative phase is management occuring either in
the hospital (if the patient is admitted) or what
might take place on an outpatient basis (if the
patient is discharged directly home after the pro-
cedure). Each phase and each segment within
each phase represent discrete transitions in care
occurring throughout the continuum of surgical
DM management that place the patient at risk
for adverse consequences (e.g., life-threatening
hypoglycemia, wound infections) if appropriate
glucose monitoring and treatment are not per-
formed. This model has been used to construct
studies designed to assess current state of care
and to develop and test interventions targeted at
improving the different phases of surgical DM
management [25].
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Figure 1. Model for the analysis of diabetes management during the continuum of surgical care, divided into preperioperative,
perioperative and postperioperative phases. The nomenclature for the different phases and segments is used throughout the text.
The preperioperative phase reflects the patient’s history of diabetes and its management that could have an impact on perioperative
and/or postperioperative glycemic control and patient outcomes. The perioperative phase is divided into preoperative, intraoperative
and postanesthesia recovery segments defined by discrete start and end times identified in the medical record. The postperioperative
phase represents glycemic control and management after discharge from the PACU, which would take place during a hospital stay or

when the patient is discharged home.
PACU: Postanesthesia care unit.
Adapted with permission from [2s).

Preperioperative glycemic control

& outcomes

Chronic outpatient exposure to hyperglycemia,
which can be estimated with hemoglobin A,
(HbA,) levels, is associated with poorer sur-
gical outcomes, including increased surgical
site infection, longer inpatient length of stay,
other morbidities and higher mortality [26-30].
Additionally, preperioperative hyperglycemia
has been correlated with perioperative mortal-
ity (31). Although no randomized controlled
trials exist, limited retrospective data suggest
that lower HbA _levels result in a decreased risk
for infections in noncardiac surgery patients
(3032). Although it has not yet been established
that optimizing outpatient glucose levels will
improve surgical outcomes, at the very least,
better glucose control prior to surgery could
increase the chances of successfully transitioning
a patient within a desired glucose range across
the continuum of care. Studies are needed to
evaluate whether intensive glucose control dur-
ing the preperioperative phase of care improves
surgical outcomes.

Perioperative glycemic control & outcomes
No consistent definition of the perioperative
period has been used in the medical literature,
and it is often defined as even including the first
48 h after a surgical procedure. For purposes
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of this review and per previous reports [3334],
the perioperative period is defined as the time
from patient admission to the preoperative area,
through the intraoperative period, to the time of
discharge from the PACU (Figure 1). There are no
consensus standards on managing hyperglyce-
mia during the perioperative phase surgical care.

As with preperioperative glucose control,
intraoperative hyperglycemia is correlated with
adverse outcomes in surgical patients, with
increased mortality [6], infections [7.35] and over-
all morbidity [36]. Despite these observations, the
benefits of intraoperative glucose control is has
not been established. One study demonstrated
that patients with hyperglycemia who received
perioperative insulin to treat hyperglycemia
were at no greater risk for adverse outcomes
than were patients with normal glucose levels
(7]. However, another study did not show any
benefit of intensive intraoperative insulin ther-
apy (10]. Additional studies are required to better
determine whether treatment of hyperglycemia
intraoperatively will reduce morbidity during
the postperioperative phase of care.

There is no consensus on the best method to
treat intraoperative hyperglycemia. Establishing
such standards may be difficult, given the lack
of randomized controlled studies in this popu-
lation, and the variety of surgical procedures
with their diverse complexity and duration.
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Intravenous insulin infusion may be the best
approach for longer procedures, especially in
patients with Type 1 DM. In other cases, inter-
mittent subcutaneous rapid-acting insulin could
suffice. Intravenous boluses of rapid-acting or
short-acting insulin would not have a sustained
impact on glucose levels due to their short dura-
tion of action and probably should be avoided. In
some circumstances, continued use of a patient’s
outpatient insulin pump therapy can be allowed
(see section below titled ‘Insulin pump therapy
in the patient with DM undergoing surgery’).

Postperioperative care

Little is known about the outcomes of patients
with DM who have been discharged home the
day of surgery, and this topic requires further
study. In general, the strongest data support-
ing management of hyperglycemia in surgical
patients come from studies of postoperative
inpatients [37-39]. Postoperative hyperglycemia
is associated with increased morbidity and
mortality in hospitalized patients [53738,40-43].
Studies of patients undergoing cardiac surgery
were some of the first to demonstrate the benefits
of optimizing glucose — in this instance a reduc-
tion in deep sternal wound infections [37]. Other
studies have correlated a decrease in the number
of infectious complications with better glycemic
control [38,39]. Current guidelines suggest a fast-
ing glucose of <140 mg/dl and a random glucose
of <180 mg/dl, with a target range of 140 mg/
dl to 180 mg/dl in noncritically ill inpatients;
and these values have been applied to surgical
patients [13,44,45).

In the hospital, the use of correction insulin
only — also called sliding-scale insulin — with-
out concurrent use of basal insulin — results in
ineffective inpatient glycemic control and a high
degree of variability in glucose levels [46-49]. In
noncritically ill hospitalized patients with DM,
including those who are postoperative, the most
effective approach to treating hyperglycemia is
the combination of a basal insulin, which is typi-
cally a long-acting or intermediate-acting insu-
lin, and a short-acting or rapid-acting insulin
given with meals when the patient is eating, sup-
plemented by correction doses for high glucose
values [13,45,48-50]. This regimen is often termed
‘basal-bolus’ insulin therapy, and it has become
the cornerstone of hyperglycemia therapy in the
hospital outside of the intensive care unit [44,45].

However, substantial numbers of patients are
incorrectly and inadequately treated with only
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correction insulin. A failure to intensify therapy
when needed and appropriate has been termed
‘clinical inertia’, and one of the earliest descrip-
tions of clinical inertia in the hospital noted a
failure to intensify use of basal-bolus insulin
therapy despite ongoing hyperglycemia [s1,52].
Others have also identified clinical inertia in the
management of inpatient hyperglycemia [53-56].
A recent analysis identified clinical inertia in the
treatment of a subset of postoperative inpatients
with DM, with a failure to intensify therapy to
a basal-bolus insulin regimen despite their ongo-
ing hyperglycemia [s7]. Strategies are needed to
assist hospital-based healthcare providers to
optimize insulin therapy in their postoperative
patients.

Strategies to standardize care of the
surgical patient with DM

Randomized clinical trials designed to address
the benefits of controlling hyperglycemia dur-
ing all phases of the continuum of surgical care
are lacking, except for those on the care of the
postoperative hospitalized patient. Until such
data become available, medical facilities can at
least turn their attention to standardizing care
processes to ensure patient safety and potentially
improve patient satisfaction. However, consen-
sus recommendations do not exist on how best
to approach the patient with DM during the pre-
perioperative and perioperative phases of care.
For instance, there are no standards addressing
how often to measure glucose, no agreement on
the method of glucose measurement, and no
guidelines on how best to treat hyperglycemia
during the perioperative phase of care. The fol-
lowing discussion examines standards that have
been developed and implemented for use at one
institution, with a summary of how those care
processes have altered care positively.

e Improving preperioperative &
perioperative DM standards of care
Whenever possible, the preparation of the DM
patient for surgery should begin prior to the pro-
cedure. For many elective cases, there should be
no reason why a period of time could not be
allowed to introduce glycemic control meas-
ures in preparation for surgery. This approach
begins with an adequate history and physical
examination, which includes assessing the type
of DM, the duration of the condition, its current
medical management, and the effectiveness of
the current management. The goal should be to
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optimize blood glucose control preoperatively
through lifestyle modifications, medications and
education. It is also necessary to evaluate the
patient for associated comorbidities and chronic
complications. These include hypertension,
chronic renal disease, autonomic neuropathy
and coronary artery disease. Patients with DM
have an increased chance of surgical morbidity;
they may have cardiovascular complications
of the disease; and they tend to have elevated
physical status scores per the guidelines of the
American Society of Anesthesiologists [33,58,59].
Thus, a preoperative evaluation should be under-
taken by someone with knowledge of the patient
or expertise in anesthesia risk.

A recent retrospective review demonstrated
gaps in both preperioperative and perioperative
DM care. For instance, despite a preexisting
diagnosis of DM, patients underwent HbA _
testing infrequently and less than one-half had
intraoperative glucose monitoring (33]. The lack
of standards in the medical literature led to a
recognition of the need to ensure a smooth tran-
sition across the continuum of surgical care, and
institutional guidelines (Box 1) were developed
and introduced to the surgical and the anesthe-
siology staff at our institution.

A multidisciplinary team comprising an
endocrinologist, a surgeon, an anesthesiologist,
a surgical nurse practitioner and members of the
nursing staff met regularly to discuss the ele-
ments of preperioperative and perioperative DM
care that needed to be addressed. The primary
aim was to establish processes to measure and
maintain blood glucose of <180 mg/dl without

Managing diabetes mellitus in the surgical patient

increasing the frequency of hypoglycemia. The
guidelines were targeted for patients with known
DM who were undergoing elective surgery under
general anesthesia. The threshold to treat hyper-
glycemia was set at 140 mg/dl in order to achieve
the goal of maintaining perioperative glucose at
<180 mg/dl. Intravenous boluses of insulin were
discouraged as a means to correct hyperglycemia
because of the limited duration of action. Rather,
subcutaneous insulin utilizing the institutional
correction scale was recommended. Another goal
was to increase the frequency of HbA, monitor-
ing in preparation for surgery [25]. A referral to
the endocrinology staff for any patient with an
HbA1C value >8.0% was suggested, with elec-
tive surgery being delayed until glycemic control
improved (Box 1).

After consensus was reached on the guide-
lines, they were disseminated to the surgical
and the anesthesia staff via educational sessions
(25]. A preliminary evaluation of the guidelines
was conducted (n = 326 cases) and compared
with a historical cohort (n = 254 cases) [25].
Preperioperative HbA, measurement improved
from 47% of cases in the historical cohort to 80%
(p < 0.01) after implementation of the guidelines.
Additionally, preoperative glucose monitoring
increased, and intraoperative glucose monitoring
improved, while PACU data were unchanged
(Figure 2). Insulin use increased throughout the
perioperative phase (p < 0.04) (Figure 3). Mean
preoperative glucose was 141 mg/dl in the histor-
ical period vs 130 mg/dl after implementation of
the guidelines (p < 0.01), and for postanesthesia
care, the mean glucose value decreased from

Box 1. Guidelines for preperioperative and perioperative assessment and management of the

adult patient with diabetes undergoing elective surgery under general anesthesia.

Preperioperative period
e Conduct preoperative medical examination

Perioperative period:
® Preoperative

Measure glucose level on arrival, then hourly
Treat glucose =140 mg/dl with insulin

® Intraoperative
Measure glucose hourly
Treat glucose to =140 mg/dl with insulin

e PACU
Measure glucose level on arrival, then hourly
Treat glucose to 2140 mg/dl with insulin

® Obtain HbA,_level (if not performed within past 3 months)

HbA, : Hemoglobin A ; PACU: Postanesthesia care unit.
Adapted with permission from [23].
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Figure 2. Number of cases with glucose monitoring during the perioperative phase of surgery.
Data represent changes occurring after development and implementation of care guidelines.
Perioperative segments defined as outlined in Figure 1.

PACU: Postanesthesia care unit; POC-BG: Point-of-care blood glucose.

Adapted with permission from [25].

162 to 152 mg/dl (p = 0.01). There was no sig-
nificant increase in hypoglycemic events. Thus,
our preliminary analysis indicated that these
institutional guidelines specifically developed for
DM patients undergoing elective surgery could
improve the frequency of their perioperative
glucose monitoring, insulin administration and,
potentially, glucose control [25]. Longer-term fol-
low-up is underway, and the generalizability of
this approach needs to be evaluated

e Improving postperioperative DM
standards of care

An initiative was developed to reduce the fre-
quency of clinical inertia previously identified
with regard to the use of basal-bolus insu-
lin therapy in postoperative inpatients [s7].
Representatives from the endocrinology staff
and the surgery staff met to review available
published guidelines regarding recommended
inpatient glucose target ranges and insulin
therapy, and a care process model was developed
(Figure 4). The care process model targeted those
patients with known DM, emphasizing the need
to obtain and monitor point-of-care blood glu-
cose (POC-BG) levels. Use of basal-bolus insulin

therapy was recommended for patients who were
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already on insulin as outpatients, and otherwise
for patients who had at least 2 POC-BG levels
>180 mg/dl within the first 24 h after their surgi-
cal procedure. The new care process model was
introduced to surgery staff via grand rounds and
reinforced through small group sessions. The
initiative included a surgical nurse practitioner,
who monitored all glucose levels and interven-
tions using the electronic health record on a daily
basis, contacted the surgical service to encour-
age the use of basal-bolus insulin therapy, and
provided advice on how to calculate, order and
adjust insulin doses [60].

An analysis was conducted shortly after imple-
mentation of the care process model that showed
its positive impact on management of the hos-
pitalized postoperative patient with DM [60].
Compared with the use of basal-bolus insulin
during the historical period, the use of basal-
bolus insulin post-guidelines implementation
rose with the increasing frequency of hypergly-
cemia (Figure 5). Mean glucose levels improved
after implementation of the care process model
compared with mean glucose levels during the
historical period, while the frequency of hypo-
glycemia did not significantly change (Figure 6).
These preliminary results demonstrated that it is
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Figure 3. Insulin use during the perioperative phase of surgery. Data represent changes occurring

after development and implementation of care guidelines. Perioperative segments defined as

outlined in Figure 1.
PACU: Postanesthesia care unit.
Adapted with permission from [25].

possible to overcome clinical inertia in the man-
agement of postoperative patients with DM, with
greater utilization of basal-bolus insulin therapy
and improved glucose control. Institutional
efforts continue to ensure delivery of effective
inpatient DM care by all surgical services.

Insulin pump therapy in the patient with
DM undergoing surgery

Professional societies promulgating guidelines
for management of inpatient DM (see [13,44.45]
for instance) make no distinction about man-
agement of hyperglycemia based on etiology of
diabetes. For instance, patients with Type 1 or
Type 2 DM are not held to different standards of
care in terms of glucose targets. The only popu-
lation that deserves special attention and a dif-
ferent approach to care relates to those patients
receiving insulin pump therapy. In the USA,
approximately 400,000 patients with DM are
utilizing insulin pump therapy to optimize their
glucose control (61]. Although these devices are
intended for outpatient management of DM,
healthcare practitioners may encounter this tech-
nology in clinical settings where they were not
intended to be used, such as the inpatient setting
and in patients about to undergo surgery. It is
not known how many patients on insulin pump
treatment are hospitalized or how many undergo
a surgical procedure under general anesthesia.

fsg
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No guidelines exist on the use of insulin pumps
in these different scenarios, and specialty organi-
zations are mostly silent or lack specifics on the
topic of insulin pump therapy in the hospital
or during the perioperative phase of care when
discussing DM management [11-13,44.45].

A previous analysis demonstrated that, for
patients on insulin pump therapy who under-
went elective surgery, there was inconsistent
perioperative documentation regarding the sta-
tus of the device, coupled with a low frequency
of intraoperative glucose monitoring [34]. As with
perioperative DM care in the surgical patient, a
process has been developed to allow the patient
on an insulin pump to continue treatment
throughout all perioperative segments of care
(62]. General requirements for glucose monitor-
ing and glucose targets were identical to that
developed for perioperative DM management
(Box 1), except that documentation of the insulin
pump was required during each segment of care.
As the paitent is under general anesthesia, higher
glucose levels could be corrected with boluses of
subcutaneous short or rapid acting insulin. The
standards were implemented, and the impact
on care was evaluated [¢3]. Documentation and
glucose monitoring subsequently improved.
No adverse events were noted among patients
allowed to stay on their insulin pumps during
the perioperative period and safety was assured.
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Figure 4. Care process model for management of diabetes in the postoperative inpatient. The
model was introduced to encourage use of basal-bolus insulin therapy.

"Before each meal and at bedtime or every 6 h, if fasting.

Fasting glucose of <140 mg/dl or random glucose of <180 mg/dl.

POC-BG: Point-of-care blood glucose.

Preliminary data indicated that DM patients on
insulin pump therapy did not necessarily have to
disconnect from their devices during the surgical
procedure.

Previous data also have indicated that patients
using insulin pump devices who were hospital-
ized, including postoperative patients, did not
have to discontinue that treatment. Published
data demonstrate that enacting specific guidelines
allows a safe and successful transition of insulin
pump treatment from the outpatient setting to
the inpatient setting [64]. Institutions should have
guidelines in place to establish whether a patient
on an insulin pump can continue that treatment
as an inpatient.

Perioperative & inpatient glucose-
monitoring controversies

Regarding the method of intraoperative moni-
toring, there are various modalities available to
measure glucose, including venous sampling,
arterial sampling and POC-BG. It is well estab-
lished that commercial glucose meters cur-
rently used in hospitals are less accurate than

Diabetes Manag. (2014) 4(6)

laboratory-based analyses [65.66]. Sampling
source (arterial, venous or capillary) can also
lead to variability in results [67.68]. Studies have
demonstrated variability in glucose levels meas-
ured by POC-BG vs other modalities second-
ary to differing levels of oxygenation [69-72].
However, the majority of patients undergoing
elective surgery do not sustain clinically signifi-
cant hemodynamic compromise. Those at risk of
such events will likely have arterial blood pres-
sure monitoring established at the time of sur-
gery, giving the anesthesiologist adequate access
to arterial blood glucose monitoring. Despite its
limitations, POC-BG technology remains the
most convenient method for obtaining rapid
data on glucose levels.

Hypoglycemia considerations

Studies in the critical care setting have suggested
that intensive management of hyperglycemia
can lead to a greater frequency of hypoglyce-
mia and higher mortality [973]. Similar types
of randomized control trials have not been
undertaken in the non-critically ill patient, so
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Figure 5. Changes in insulin regimen. Insulin therapies are according to tertiles of the percentage

of point-of-care glucose measurements >180 mg/dl for hospitalized postoperative patients during a
control period (left panel) and following implementation of a care process model (intervention period,
right panel) that was designed to improve management of hospitalized postoperative patients with
diabetes mellitus. The number on top of each bar indicates the number of cases in that tertile.
Adapted from [60], with permission from the American Association of Clinical Endocrinologists.

the risk of glycemic control measures on hypo-
glycemia risk and its associated mortality have
not been established in the non-critical care set-
ting. Nonetheless, concerns over hypoglycemia
remain in the non-critically ill surgical patient

p < 0.01
170
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5 160
2
150 149
140
Bed(.-}lucavg

[C] Control period

[ Intervention period

population with DM, and the appropriate bal-
ance must be struck in efforts to achieve desired
glucose target ranges and the risk of hypo-
glycemia. As illustrated by the studies above,
and has been shown by others, it is possible to
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Figure 6. Glucose control. Differences in mean POC-BG, frequency of hyperglycemia (POC-BG >180
mg/dl) and frequency of hypoglycemia (POC-BG <70 mg/dl) during a control period and following
implementation of a care process model (intervention period) that was designed to improve
management of hospitalized postoperative patients with diabetes mellitus.
BedGIucavgz Mean POC-BG for the patient stay; POC-BG: Point-of-care blood glucose.

Adapted from [60], with permission from the American Association of Clinical Endocrinologists.
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intensify hyperglycemia management in the sur-
gical patient with DM without increasing the
frequency of hypoglycemia [25,60,74].

Conclusion
Hyperglycemia in the surgical patient can exist
outside of the context of diabetes (e.g., due to
stress or use of certain medications such as gluco-
corticoids). Additionally, there are other factors
that might need to be considered when evaluat-
ing the patient with diabetes for surgery, such
as assessing cardiovascular risk. However, most
hyperglycemia that surgical practitioners will
encounter will be in the context of the patient
with known DM, and this review has centered
primarily on discussion of hyperglycemia man-
agement within the framework of these patients.
Overall, DM continues to increase in preva-
lence and will likely be encountered more fre-
quently in both inpatient and outpatient surgi-
cal populations. The pathophysiology behind
perioperative hyperglycemia is complex but
appears to result in deleterious outcomes when
hyperglycemia is not well controlled. Thus, it
is imperative to establish appropriate treatment
of these patients throughout the continuum of
surgical care, especially in the setting of elec-
tive surgery, which allows for adequate time for
planning and glucose control. Patients should be
counseled about the unique risks DM imposes
on surgical outcomes. It is essential for surgical
staff and anesthesia staff to be aware of any spe-
cial circumstances surrounding these patients
(e.g., insulin use, use of an insulin pump).
Institutions should assess their management
of these patients as part of overall DM quality
improvement efforts. Local standards can be
developed and successfully implemented that
can ultimately enhance care and ensure patient
safety.

Future perspective

There are multiple areas about the care of the
surgical patient with DM that require additional
work or formal study. For instance, representa-
tives from various surgical, anesthesiology and
endocrinology professional organizations should
convene to discuss and develop consensus stand-
ards on the care of the patient with DM who
is to undergo surgery. These standards should
include such elements as desired glucose targets,
frequency of perioperative glucose monitoring,
acceptable methods for glucose monitoring,
insulin treatment algorithms, and use of insulin
pumps. Further work needs to be done to estab-
lish whether controlling hyperglycemia during
the preperioperative period translates to bet-
ter perioperative and postperioperative glucose
control, and to determine whether such optimi-
zation reduces postsurgical complications and
reduces length of hospital stay. Additionally, the
optimal degree of preperioperative glucose con-
trol must still be defined. Different educational
models should be tested to determine which is
most effective to encourage and train surgical
and anesthesiology specialists to take on man-
agement of a nonsurgical problem such as DM
— a diagnosis which is outside their usual scope
of care. Continued work in this field should be
encouraged and supported.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial
involvement with any organization or entity with a finan-
cial interest in or financial conflict with the subject matter
or materials discussed in the manuscript. This includes
employment, consultancies, honoraria, stock ownership or
options, expert testimony, grants or patents received or
pending, or royalties.

No writing assistance was utilized in the production of

this manuscript.

References
Papers of special note have been highlighted as:
e of considerable interest.

1 Centers for Disease Control and Prevention.

Diabetes Public Health Resource. 2011
National diabetes fact sheet.

www.cdc.gov

2 King H, Aubert RE, Herman WH.
Global burden of diabetes, 1995-2025:
prevalence, numerical estimates, and
projections. Diabetes Care 21(9), 1414-1431
(1998).

American Diabetes Association. Economic
costs of diabetes in the U.S. in 2012. Diabetes
Care 36(4), 1033-1046 (2013).

Centers for Disease Control and Prevention.
Diabetes Public Health Resource. Number (in
thousands) of hospital discharges with
diabetes as any-listed diagnosis, United States,
1988-2009.

www.cde.gov

Ata A, Lee ], Bestle SL, Desemone J, Stain
SC. Postoperative hyperglycemia and surgical
site infection in general surgery patients. Arch.

Surg. 145(9), 858—864 (2010).

524 Diabetes Manag. (2014) 4(6)

Gandhi GY, Nuttall GA, Abel MD et al.
Intraoperative hyperglycemia and
perioperative outcomes in cardiac surgery
patients. Mayo Clin. Proc. 80(7), 862—-866
(2005).

Kwon S, Thompson R, Dellinger P, Yanez D,
Farrohki E, Flum D. Importance of
perioperative glycemic control in general
surgery: a report from the Surgical Care and
Outcomes Assessment Program. Ann. Surg.
257(1), 8-14 (2013).

van den Berghe G, Wouters P, Weekers F

et al. Intensive insulin therapy in critically ill

future science group


www.cdc.gov/diabetes/pubs/factsheet11.htm
www.cdc.gov/diabetes/statistics/dmany/fig1.htm

fsg

patients. N. Engl. . Med. 345(19), 1359-1367
(2001).

Finfer S, Chittock DR, Su SY ez al.;
NICE-SUGAR study investigators. Intensive
versus conventional glucose control in
critically ill patients. N. Engl. J. Med.
360(13), 1283-1297 (2009).

Gandhi GY, Nuttall GA, Abel MD et al.
Intensive intraoperative insulin therapy versus
conventional glucose management during
cardiac surgery: a randomized trial. Ann.
Intern. Med. 146(4), 233-243 (2007).

Joshi GP, Chung F, Vann MA ¢t al.; Society
for Ambulatory Anesthesia. Society for
Ambulatory Anesthesia consensus statement
on perioperative blood glucose management
in diabetic patients undergoing ambulatory
surgery. Anesth. Analg. 111(6), 13781387
(2010).

Example of one professional society’s

guidelines.

Lazar HL, McDonnell M, Chipkin SR ez al.;
Society of Thoracic Surgeons Blood Glucose
Guideline Task Force. The Society of
Thoracic Surgeons practice guideline series:
blood glucose management during adult
cardiac surgery. Ann. Thorac. Surg. 87(2),
663-669 (2009).

Moghissi ES, Korytkowski MT, DiNardo M
et al.; American Association of Clinical
Endocrinologists; American Diabetes
Association. American Association of Clinical
Endocrinologists and American Diabetes
Association consensus statement on inpatient
glycemic control. Diabetes Care 32(6),
1119-1131 (2009).

Akhtar S, Barash PG, Inzucchi SE. Scientific
principles and clinical implications of
perioperative glucose regulation and control.

Anesth. Analg. 110(2), 478—497 (2010).

Quagliaro L, Piconi L, Assaloni R, Martinelli
L, Motz E, Ceriello A. Intermittent high
glucose enhances apoptosis related to
oxidative stress in human umbilical vein
endothelial cells: the role of protein kinase C
and NAD (P)H-oxidase activation. Diabetes
52(11), 2795-2804 (2003).

Risso A, Mercuri F, Quagliaro L, Damante
G, Ceriello A. Intermittent high glucose
enhances apoptosis in human umbilical vein
endothelial cells in culture. Am. J. Physiol.
Endocrinol. Metab. 281(5), E924—E930
(2001).

Monnier L, Mas E, Ginet C ez al. Activation
of oxidative stress by acute glucose
fluctuations compared with sustained chronic
hyperglycemia in patients with Type 2
diabetes. JAMA 295(14), 1681-1687 (2006).

future science group

20

21

22

23

24

25

26

27

28

Managing diabetes mellitus in the surgical patient

Dossett LA, Cao H, Mowery NT, Dortch M]J,
Morris JM Jr, May AK. Blood glucose
variability is associated with mortality in the
surgical intensive care unit. Am. Surg. 74(8),

679-685 (2008).

Egi M, Bellomo R, Stachowski E, French CJ,
Hart G. Variability of blood glucose
concentration and short-term mortality in
critically ill patients. Anesthesiology 105(2),
244-252 (2006).

Krinsley JS. Glycemic variability: a strong
independent predictor of mortality in
critically ill patients. Criz. Care Med. 36(11),
3008-3013 (2008).

Ali NA, O’Brien JM Jr, Dungan K ez al.
Glucose variability and mortality in patients
with sepsis. Crit. Care Med. 36(8),
2316-2321 (2008).

Pidcoke HF, Wanek SM, Rohleder LS,
Holcomb JB, Wolf SE, Wade CE. Glucose
variability is associated with high mortality
after severe burn. /. Trauma 67(5), 990-995
(2009).

Farrokhi F, Chandra P, Smiley D ez al.
Glucose variability is an independent
predictor of mortality in hospitalized patients

treated with total parenteral nutrition. Endocr.

Pract. 20(1), 41-45 (2014).

Mendez CE, Mok KT, Ata A, Tanenberg R],
Calles-Escandon ], Umpierrez GE. Increased
glycemic variability is independently
associated with length of stay and mortality in

noncritically ill hospitalized patients. Diabetes
Care 36(12), 4091-4097 (2013).

Provides an example of the importance of
glycemic variability.

Shah M, Apsey HA, Stearns JD, Schlinkert
RT, Seifert KM, Cook CB. Guidelines to
improve perioperative management of
diabetes mellitus: an example of a successful
quality initiative. Diabetes Manag. 4(4),
327-337 (2014).

Feringa HH, Vidakovic R, Karagiannis SE

et al. Impaired glucose regulation, elevated
glycated haemoglobin and cardiac ischaemic
events in vascular surgery patients. Diabetes
Med. 25(3), 314-319 (2008).

Halkos ME, Lattouf OM, Puskas JD ez al.
Elevated preoperative hemoglobin Alc level is
associated with reduced long-term survival

after coronary artery bypass surgery. Ann.
Thorac. Surg. 86(5), 1431-1437 (2008).

Example of relationship between
preoperative hemoglobin A _and surgical
outcomes.

Halkos ME, Puskas JD, Lattouf OM et al.

Elevated preoperative hemoglobin Alc level is
predictive of adverse events after coronary

www.futuremedicine.com

29

30

31

32

33

34

35

36

37

38

39

REVIEW

artery bypass surgery. /. Thorac. Cardiovasc.
Surg. 136(3), 631-640 (2008).

Sato H, Carvalho G, Sato T, Lattermann R,
Matsukawa T, Schricker T. The association of
preoperative glycemic control, intraoperative
insulin sensitivity, and outcomes after cardiac
surgery. J. Clin. Endocrinol. Metab. 95(9),
4338-4344 (2010).

Underwood P, Askari R, Hurwitz S, Chamarthi
B, Garg R. Preoperative A1C and clinical
outcomes in patients with diabetes undergoing
major noncardiac surgical procedures. Diabetes

Care 37(3), 611-616 (2014).

Noordzij PG, Boersma E, Schreiner F ¢z al.
Increased preoperative glucose levels are
associated with perioperative mortality in
patients undergoing noncardiac, nonvascular
surgery. Eur. J. Endocrinol. 156(1), 137-142
(2007).

Dronge AS, Perkal MF, Kancir S, Concato J,
Aslan M, Rosenthal RA. Long-term glycemic
control and postoperative infectious compli-

cations. Arch. Surg. 141(4), 375-380 (2006).

Coan KE, Schlinkert AB, Beck BR ez al.
Perioperative management of patients with
diabetes undergoing ambulatory elective
surgery. /. Diabetes Sci. Technol. 7(4),
983-989 (2013).

Nassar AA, Boyle ME, Seifert KM ez al.
Insulin pump therapy in patients with
diabetes undergoing surgery. Endocr. Pract.
18(1), 49-55 (2012).

Park C, Hsu C, Neelakanta G e a/. Severe
intraoperative hyperglycemia is independently
associated with surgical site infection after
liver transplantation. Transplantation 87(7),
1031-1036 (2009).

Ouattara A, Lecomte P, Le Manach Y ez al.
Poor intraoperative blood glucose control is
associated with a worsened hospital outcome
after cardiac surgery in diabetic patients.

Anesthesiology 103(4), 687-694 (2005).

Furnary AP, Wu Y. Eliminating the diabetic
disadvantage: the Portland Diabetic Project.
Semin. Thorac. Cardiovasc. Surg. 18(4),
302-308 (20006).

Illustrates one of the earliest examples of
impact of glucose control on surgical

outcomes.

Grey NJ, Perdrizet GA. Reduction of
nosocomial infections in the surgical
intensive-care unit by strict glycemic control.
Endocr. Pract. 10(Suppl. 2), 46-52 (2004).
Zerr KJ, Furnary AP, Grunkemeier GL,
Bookin S, Kanhere V, Starr A. Glucose
control lowers the risk of wound infection in

diabetics after open heart operations. Ann.
Thorac. Surg. 63(2), 356-361 (1997).

525



REVIEW Coan, Apsey, Schlinkert, Stearns & Cook

40

41

42

43

44

45

46

47

48

49

50

526

Golden SH, Peart-Vigilance C, Kao WH,
Brancati FL. Perioperative glycemic control
and the risk of infectious complications in a
cohort of adults with diabetes. Diabetes Care
22(9), 1408-1414 (1999).

Duncan AE, Abd-Elsayed A, Maheshwari A,
Xu M, Soltesz E, Koch CG. Role of
intraoperative and postoperative blood
glucose concentrations in predicting outcomes
after cardiac surgery. Anesthesiology 112(4),
860-871 (2010).

Ramos M, Khalpey Z, Lipsitz S et al.
Relationship of perioperative hyperglycemia
and postoperative infections in patients who
undergo general and vascular surgery. Ann.
Surg. 248(4), 585-591 (2008).

Marchant MH Jr, Viens NA, Cook C, Vail
TP, Bolognesi MP. The impact of glycemic
control and diabetes mellitus on perioperative

outcomes after total joint arthroplasty. /. Bone

Joint Surg. Am. 91(7), 1621-1629 (2009).

American Diabetes Association. Standards of
medical care in diabetes: 2014. Diabetes Care
37(Suppl. 1), S14-S80 (2014).

Umpierrez GE, Hellman R, Korytkowski MT
et al.; Endocrine Society. Management of
hyperglycemia in hospitalized patients in non-
critical care setting: an endocrine society
clinical practice guideline. /. Clin. Endocrinol.
Metab. 97(1), 16-38 (2012).

Recent consensus guidelines on inpatient

glycemic control.

Gearhart JG, Duncan JL 3rd, Replogle WH,
Forbes RC, Walley EJ. Efficacy of sliding-
scale insulin therapy: a comparison with

prospective regimens. Fam. Pract. Res. ].

14(4), 313-322 (1994).
Queale WS, Seidler AJ, Brancati FL. Glycemic

control and sliding scale insulin use in
medical inpatients with diabetes mellitus.

Arch. Intern. Med. 157(5), 545-552 (1997).

Umpierrez GE, Smiley D, Jacobs S et al.
Randomized study of basal-bolus insulin
therapy in the inpatient management of
patients with Type 2 diabetes undergoing
general surgery (RABBIT 2 surgery). Diabetes
Care 34(2), 256261 (2011).

Frequently cited study onthe effectiveness of
basal bolus insulin therapy in the hospital.

Umpierrez GE, Smiley D, Zisman A ez al.
Randomized study of basal-bolus insulin
therapy in the inpatient management of
patients with Type 2 diabetes (RABBIT 2
trial). Diabetes Care 30(9), 2181-2186 (2007).
Theilen BM, Gritzke KA, Knutsen PG ez al.
Inpatient glycemic control on the vascular
surgery service. Endocr. Pract. 14(2), 185-191
(2008).

51

52

53

54

55

56

57

58

59

60

61

62

Knecht LA, Gauthier SM, Castro JC et al.
Diabetes care in the hospital: is there
clinical inertia? J. Hosp. Med. 1(3), 151-160
(20006).

Cook CB, Castro JC, Schmidt RE et al.
Diabetes care in hospitalized noncritically ill
patients: more evidence for clinical inertia
and negative therapeutic momentum. /. Hosp.
Med. 2(4), 203-211 (2007).

Matheny ME, Shubina M, Kimmel ZM,
Pendergrass ML, Turchin A. Treatment
intensification and blood glucose control

among hospitalized diabetic patients. /. Gen.
Intern. Med. 23(2), 184—189 (2008).

Schnipper JL, Barsky EE, Shaykevich S,
Fitzmaurice G, Pendergrass ML. Inpatient
management of diabetes and hyperglycemia
among general medicine patients at a large
teaching hospital. /. Hosp. Med. 1(3), 145-150
(2006).

Stolker JM, Spertus JA, McGuire DK et al.
Relationship between glycosylated
hemoglobin assessment and glucose therapy
intensification in patients with diabetes

hospitalized for acute myocardial infarction.

Diabetes Care 35(5), 991-993 (2012).
Allende-Vigo MZ, Gonzalez-Rosario RA,

Gonzalez L ez al. Inpatient management of
diabetes mellitus among noncritically ill
patients at University Hospital of Puerto

Rico. Endocr. Pract. 20(5), 452—460 (2014).

Coan KE, Schlinkert AB, Beck BR ez a/.
Clinical inertia during postoperative
management of diabetes mellitus: relationship
between hyperglycemia and insulin therapy
intensification. J. Diabetes Sci. Technol. 7(4),
880-887 (2013).

Stamler ], Vaccaro O, Neaton JD, Wentworth
D. Diabetes, other risk factors, and 12-yr
cardiovascular mortality for men screened in

the Multiple Risk Factor Intervention Trial.
Diabetes Care 16(2), 434—444 (1993).

Kannel WB, McGee DL. Diabetes and
glucose tolerance as risk factors for
cardiovascular disease: the Framingham
study. Diabetes Care 2(2), 120-126 (1979).

Apsey HA, Coan KE, Castro JC, Jameson
KA, Schlinkert RT, Cook CB. Overcoming
clinical inertia in the management of
postoperative patients with diabetes. Endocr.

Pract. 20(4), 320-328 (2014).

Business Wire (A Berkshire Hathaway
Company). Research and markets. US insulin
delivery devices market: an analysis.
www.businesswire.com

Boyle ME, Seifert KM, Beer KA ez al.
Guidelines for application of continuous
subcutaneous insulin infusion (insulin pump)

Diabetes Manag. (2014) 4(6)

63

64

65

66

67

68

69

70

71

72

73

74

therapy in the perioperative period. /. Diabetes
Sci. Technol. 6(1), 184—-190 (2012).

Example of guidelines for perioperative

insulin pump use.

Boyle ME, Seifert KM, Beer KA ez al. Insulin
pump therapy in the perioperative period: a
review of care after implementation of
institutional guidelines. /. Diabetes Sci.

Technol. 6(5), 1016-1021 (2012).

Cook CB, Beer KA, Seifert KM, Boyle ME,
Mackey PA, Castro JC. Transitioning insulin
pump therapy from the outpatient to the
inpatient setting: a review of 6 years’
experience with 253 cases. /. Diabetes Sci.
Technol. 6(5), 995-1002 (2012).

Dungan K, Chapman J, Braithwaite SS, Buse
J. Glucose measurement: confounding issues
in setting targets for inpatient management.

Diabetes Care 30(2), 403—409 (2007).

Robinson CS, Sharp P. Tighter accuracy
standards within point-of-care blood glucose
monitoring: how six commonly used systems
compare. J. Diabetes Sci. Technol. 6(3),
547-554 (2012).

Klonoff DC. Regulatory controversies
surround blood glucose monitoring devices.

J. Diabetes Sci. Technol. 4(2), 231-235 (2010).

Tonyushkina K, Nichols JH. Glucose meters:
a review of technical challenges to obtaining

accurate results. /. Diabetes Sci. Technol. 3(4),
971-980 (2009).

Pitkin AD, Rice MJ. Challenges to glycemic
measurement in the perioperative and
critically ill patient: a review. J. Diabetes Sci.
Technol. 3(6), 1270-1281 (2009).

Rice MJ, Pitkin AD, Coursin DB. Glucose
measurement in the operating room: more
complicated than it seems. Anesth. Analg.
110(4), 1056-1065 (2010).

Desachy A, Vuagnat AC, Ghazali AD ez al.
Accuracy of bedside glucometry in critically
ill patients: influence of clinical characteristics
and perfusion index. Mayo Clin. Proc. 83(4),
400-405 (2008).

Tang Z, Louie RF, Payes M, Chang KC, Kost
GJ. Oxygen effects on glucose measurements
with a reference analyzer and three handheld
meters. Diabetes Technol. Ther. 2(3), 349-362
(2000).

NICE-SUGAR Study Investigators.
Hypoglycemia and risk of death in critically
ill patients. N. Engl. . Med. 367(12),
1108-1118 (2012).

Leibowitz G, Raizman E, Brezis M et al.
Effects of moderate intensity glycemic control
after cardiac surgery. Ann. Thorac. Surg.
90(6), 1825-1832 (2010).

future science group


www.businesswire.com/news/home/20110825005874/en/Research-Markets-Insulin-Delivery-Devices-Market-Analysis

