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ABSTRACT

Substantial observational data has linked hyperglycemia in hospitalized patients with poor patient
outcomes. While early studies suggested improved clinical outcomes with interventions targeting
near euglycemia, more recent studies have yielded inconsistent results, with the suggestion of harm
with more severe hypoglycemia. The American Association of Clinical Endocrinologists and American
Diabetes Association published a revised consensus statement on inpatient glycemic management
that takes into account this recent evidence. This statement identifies reasonable, achievable, and
safe glycemic targets and describes protocols, procedures, and system improvements necessary to
achieve these effectively. These modified glycemic targets promote a rational approach to inpatient
glycemic management that minimizes risks associated with uncontrolled hyperglycemia and hypo-
glycemia. Intravenous insulin infusions are recommended for critically ill patients who experience
blood glucose (BG) levels above 140 mg/dl with a target of 140 to 180 mg/dl. Lower BG targets (i.e.,
110-140 mg/dl) may be appropriate for patients following cardiac or vascular surgical procedures.
In noncritically ill patients, scheduled subcutaneous basal:bolus insulin is the preferred therapy for
achieving fasting and preprandial BG below 140 mg/dl and random BG values below 180 mg/dI, with
consideration of more or less stringent targets based on a patient’s clinical status. Prolonged use
of correctional insulin as monotherapy is discouraged. Oral and injectable noninsulin glucose-lowering
agents have a limited role for hospital use but may be appropriate for selected noncritically ill patients.
Educating personnel about appropriate inpatient glycemic management practices, obtaining reliable
and reproducible measures of BG, and careful implementation of standardized protocols can help to
ensure patient safety.

Introduction Hyperglycemia is common in hos-  in recommendations for glycemic targets of 80 to

9-13

pitalized patients with and without known diabe-
tes.!2 [llness related elevations in blood glucose
(BG) occur even in patients with previously nor-
mal glucose tolerance.? These BG elevations were
previously considered as part of the usual clini-
cal course of acute illness and often not treated
until levels exceeded 200 to 250 mg/dl.45 This
inattention to glycemic management changed
with publication of the initial Leuven study
(Leuven 1) in 2001.% This study demonstrated
significant reductions in morbidity, mortality,
and cost of care with intensive glycemic manage-
ment in critically ill primarily surgical patients.”8
These findings were supported by other studies
of intensified glycemic management, resulting

110 mg/dl in critically ill patient populations.
In the absence of randomized controlled trial
(RCT) data outside critical care settings, guide-
lines for glycemic management in noncritical-
ly ill patients are based upon observational and
epidemiologic reports of adverse outcomes with
increasing BG levels.'*15

Recently, concern has been raised that BG
targets of 80 to 110 mg/dl may be inappropri-
ate.'817 Several RCTs have observed no benefit
with intensive glycemic control with the sugges-
tion of harm due to higher rates of severe hypo-
glycemia.m'zo These contradictory reports creat-
ed confusion within the medical community as to
the rationale for dedicating resources to control of
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hyperglycemia in the hospital, particularly in vul-
nerable critically ill patients.

To address this concern, a consensus panel in-
cluding representatives from the American Asso-
ciation of Clinical Endocrinologists and Ameri-
can Diabetes Association was convened to review
the clinical and cost effectiveness of inpatient gly-
cemic management, the safety of the currently
available treatment protocols, and strategies for
transitioning patients to outpatient care. The over-
all goal of this panel was to review the available lit-
erature as a way of identifying reasonable, achiev-
able, and safe glycemic targets to guide clinicians
toward rational insulin therapy while avoiding
uncontrolled hyperglycemia in both critical and
noncritical care areas of the hospital.’

In this review, we present a discussion of the lit-
erature that supports continued efforts to im-
prove inpatient glycemic management, sum-
marize the recommendations of the consensus
panel, and make recommendations for clinical
practice.

Hyperglycemia and patient outcomes: a review
of the literature Hyperglycemia, defined as BG
levels above 140 mg/dl, is unequivocally associ-
ated with adverse patient outcomes.!?! More se-
vere levels of hyperglycemia (BG >150-200 mg/dl)
are associated with an increased risk for infec-
tion due to altered leukocyte function, increased
pathogen virulence, and glycation of immuno-
globulins.?"?2 Other adverse outcomes associated
with hyperglycemia in the hospital include an en-
hanced risk for cardiac arrhythmias with impair-
ments in ischemic preconditioning and develop-
ment of collateral blood flow following myocardi-
al infarction (MI),"""23 an increased risk of inten-
sive care unit (ICU) polyneuropathy with prolon-
gation of hospital length of stay (LOS) and need
for rehabilitation services, and ultimately an in-
crease in mortality.3:2

Implementation of protocols to control BG lev-
els in the hospital has demonstrated significant
improvements in each of these outcomes among
several, but not all clinical trials.'®1%.25 This rais-
es questions as to the appropriate glycemic tar-
gets as well as optimal methods for achieving
these targets.

Intensive glycemic control in patients following
acute myocardial infarction The initial DIGAMI
trial (Diabetes and Insulin-Glucose Infusion
in Acute MI) prospectively randomized 620 pa-
tients with suspected MI and admission hyperg-
lycemia (BG >198 mg/dl) to intensive insulin or
conventional therapy. Those randomized to inten-
sive therapy received insulin-glucose infusions for
24 h (glycemic target 126-196 mg/dl) followed
by outpatient multi-dose subcutaneous insulin
for 3 months or longer. The mean inpatient BG
achieved was 173 and 211 mg/dl in the intensive
and conventionally treated groups, respective-
ly. While no mortality difference was observed
in the hospital, significant reductions in mortality

were observed at one (26-19%, P = 0.0273) and
3.4 years (44-33%, P = 0.011) of follow-up.2°
Whether this was due to acute intravenous (IV)
insulin therapy or intensification of diabetes man-
agement following discharge was not clear.

Attempts to reproduce the DIGAMI results were
not as successful. DIGAMI 2 was conducted as
a multicenter multinational RCT of 1253 patients
with acute MI and diabetes randomized to insulin-
-glucose infusions (target BG 126-180 mg/dl) fol-
lowed by either insulin-based long-term glucose
control (fasting BG target 90-126 mg/dl, nonfast-
ing target <180 mg/dl), or standard glucose con-
trol.27 The absence of a difference in either mor-
bidity or mortality after 2 years of follow-up was
attributed in part to the inability to recruit ad-
equate numbers of participants and to achieve
glycemic separation between groups. In another
study of 20,201 patients with ST-elevation MI,
the group randomized to intensive therapy with
glucose-insulin-potassium infusions had high-
er glucose levels than those who received stan-
dard care. Again, there were no group differenc-
es in patient outcomes.?®

In yet another trial, a reduction in the inci-
dence of heart failure and reinfarction was ob-
served at 3 months in 240 subjects with diabe-
tes randomized to receive 24 h of insulin infusion
with a BG target of 72 to 180 mg/dl when com-
pared with those receiving conventional man-
agement.'® There was no early or late mortali-
ty benefit using intention to treat principles but
a post-hoc analysis revealed reduced mortality
at 6 months among subjects who achieved mean
BG levels below 144 mg/dl during the first 24 h
(2% vs.11%, P = 0.02)."5

Intensive glycemic control in patients undergoing
cardiac surgery The strongest support for inten-
sive glycemic control in critical illness is derived
from studies performed in cardiac surgery pa-
tients. The Portland Diabetes Project is a prospec-
tive, nonrandomized interventional study of over
4800 patients with diabetes undergoing cardiac
surgery.?? The introduction of a continuous IV in-
sulin infusion targeting BG levels of <150 mg/dl
on the operative day through the first 2 postop-
erative days resulted in significant reductions
in deep sternal wound infections and cardiac-
-related mortality.2® These findings are consistent
with those from other studies demonstrating re-
ductions in complications and mortality with in-
tensification of glycemic control to BG values be-
low 150 mg/d1.%1.30

Leuven 1 was a landmark study of 1 548 primar-
ily surgical critically ill patients, 13% of whom had
diabetes.® Patients randomized to intensive ther-
apy received IV insulin for BG above 110 mg/dl
to achieve and maintain BG between 80 and
110 mg/dl. Those randomized to conventional
therapy received IV insulin only when the BG ex-
ceeded 215 mg/dl to maintain a glycemic range
of less than 180 mg/dl. Those receiving inten-
sive therapy experienced significant reductions
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in morbidity, ICU and hospital mortality when
compared to the conventionally treated patients.
These benefits were observed primarily in those
patients with a surgical ICU (SICU) LOS of great-
er than 5 days.5

Intensive glycemic control in patients with critical
illness Subsequent studies were unable to re-
produce the promising results of Leuven 1.8-20
In the Leuven Medical ICU (MICU) study, in-
tensive insulin therapy resulted in improve-
ments in morbidity and ICU LOS, but not mor-
tality.?’ A 6-fold increase in severe hypoglyce-
mia (BG <40 mg/dl) was observed with intensive
therapy, raising safety concerns with protocols
targeting tight glycemic control.?°

Ahigher incidence of severe hypoglycemia was
observed with intensive glycemic therapy in oth-
er studies, one of which was terminated early due
to safety concerns.'® One study included patients
with severe sepsis, who may be at higher risk for
hypoglycemia at presentation.'®?' The recent-
ly published Glucontrol study compared inten-
sive insulin therapy (BG target 80-100 mg/dl)
with an intermediate BG target (140-180 mg/dl)
in 1101 patients in a mixed MICU/SICU.32 This
study was stopped prematurely due to poor com-
pliance with study protocol. There was more hy-
poglycemia and no mortality benefit with inten-
sive insulin therapy.®?

The NICE-SUGAR study (Normoglycemia in In-
tensive Care Evaluation-Survival Using Glucose
Algorithm Regulation) is the largest RCT of in-
tensive vs. conventional insulin therapy.'® This
study randomized 6104 patients with surgical or
medical critical illness to glycemic targets of 81
to 108 mg/dl or 144 to 180 mg/dl. The combined
results of more frequent hypoglycemia with
a higher mortality at 90 days supported efforts
of the consensus committee in reevaluating pre-
viously recommended glycemic targets in hospi-
talized patients.3?

Meta-analyses of intensive insulin therapy There
are two recent meta-analyses of intensive insu-
lin therapy in critically ill patients.'®'” In a study
published prior to NICE-SUGAR, the authors con-
cluded that intensive therapy decreased the inci-
dence of sepsis, increased the incidence of hypo-
glycemia, and did not impact mortality."” A sec-
ond meta-analysis that included NICE-SUGAR
confirmed these findings regarding hypoglyce-
mia risk but suggested a mortality benefit with
intensive therapy in SICU patients.'8

Comparing the Leuven SICU study with subsequent
studies There are several important differenc-
es in the conduct of these recent trials that can
account in part for the inability to reproduce
the benefits observed with intensive insulin ther-
apy in Leuven 1.%:3* Unlike recent multicenter
studies, Leuven 1 was conducted as a single center
study, where nursing personnel (who are primar-
ily responsible for implementing any IV infusion

protocol) had the opportunity to become com-
fortable with the insulin adjustments required

to achieve specified glycemic targets. Another
major difference among the studies is the source

of sampling for BG measurements. In Leuven 1,
all samples were obtained from an arterial line

with measurement of BG values in the ICU labo-
ratory. In subsequent studies, the source for glu-
cose sampling was either not specified or was

variably obtained from arterial, capillary or ve-
nous blood and sometimes measured using point
of care (POC) meters. As discussed below, these

POC meters have major limitations for use in crit-
ically ill patients with hemodynamic instability
and anemia.

There are differences in the glycemic targets
defined for patients randomized to conventional
or standard therapy. In Leuven 1, insulin was not
started until patients achieved a significant lev-
el of hyperglycemia (>215 mg/dl) while in more
recent trials, insulin was started once the BG ex-
ceeded 180 mg/d1."® This resulted in less of a gly-
cemic separation between intensively and con-
ventionally treated subjects.

Other differences include the type of insulin in-
fusion protocol and the specificity of instructions,
the type and amount of nutritional supplemen-
tation, and differences in the duration of hyper-
glycemia preceding the intervention. While there
is no certainty as to which of these reasons con-
tributed to study differences, it is likely that each
of these played some role.3*

Summary of the consensus panel recommenda-
tions There is unequivocal evidence that sup-
ports rational glycemic control management as
away of improving clinical outcomes and reducing
mortality in the hospital.®2":35:3¢ There is a need
for continued efforts to define optimal glycemic
targets where these benefits can be achieved with-
out increasing risk for hypoglycemia. The develop-
ment and implementation of standardized proce-
dures and protocols for achieving and maintain-
ing glycemic targets is essential 37-39

Glycemic targets of 80 to 110 mg/dl can no
longer be considered appropriate in the majori-
ty of critically ill patients. While many hospitals
have put forth efforts to develop protocols that
achieve these targets, the available evidence does
not support the safety or efficacy of continuing
this practice.33 While it is possible that these gly-
cemic targets may become acceptable in the fu-
ture, current technology does not allow protocols
targeting euglycemia to be safely implemented
in the majority of hospitals.!40.41

Reliable and reproducible glucose measure-
ments are essential for ensuring the safety of any
glycemic management program.*%#! The current-
ly available POC bedside meters present a major
barrier to tight inpatient glycemic control. The ac-
curacy of these monitoring devices currently var-
ies by as much as 20% when used appropriately.*°
Anemia results in BG values that are falsely ele-
vated, while polycythemia results in values that
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are low. This as well as changes in perfusion and
oxygenation can lead to potentially dangerous er-
rors in insulin adjustment.*? In these situations,
measurement of BG in the central or other clini-
cal laboratory provides accurate results.

With these concerns in mind, the glycemic tar-
gets recommended by the 2009 consensus pan-
el are summarized below. These targets were se-
lected to promote a rational approach to inpatient
glycemic management that avoids a return to un-
controlled inpatient hyperglycemia and minimize
risk for hypoglycemia.'

Critically ill patients Insulin therapy should be
initiated for persistent hyperglycemia, starting
at a threshold of no greater than 180 mg/dl, with
a target range of 140 to 180 mg/dl for the major-
ity of critically ill patients. Lower targets of 110
to 140 mg/dl may be appropriate for SICU pa-
tients, provided that the incidence of hypoglyce-
mia is minimized. IV insulin infusions adjusted
according to validated protocols with demonstrat-
ed safety and efficacy are preferred. Frequent gly-
cemic monitoring guides glycemic management
and minimizes risk for hypoglycemia.

Noncritically ill patients Recommendations are
based on clinical experience and judgment. Fast-
ing and preprandial BG targets generally should
be lower than 140 mg/dl and random glucose
values below 180 mg/dl. More stringent targets
may be appropriate for stable patients with pre-
vious tight glycemic control, while less stringent
targets may be appropriate for those with severe
comorbidities or terminal illnesses.

Applying the consensus panel guidelines to clinical
practice The relaxation of inpatient glycemic
targets from 80 to 110 mg/dl to 140 to 180 mg/dl
may have the paradoxical effect of actually im-
proving glucose control in the hospital. There
is often a delay between publication and imple-
mentation of any change in standard of care.*?
While protocols targeting tight glycemic targets
of 80 to 110 mg/dl were implemented in some in-
stitutions following the publication of Leuven 1,
many other hospitals felt unable to safely imple-
ment this target.*3 Prominent among the rea-
sons is concern for hypoglycemia with the po-
tential to adversely rather than favorably impact
patient outcomes.®® A glycemic goal range of 140
to 180 mg/dl provides a safe and achievable tar-
get as demonstrated in the conventional therapy
arm of the NICE-SUGAR study where there was
a low incidence of hypoglycemia and similar pa-
tient outcomes to that observed with more in-
tensive therapy.' '8

Patients in critical care areas IV insulin therapy
is the optimal method for achieving glycemic con-
trol in the critical care setting. Continuous IV in-
fusions allow for timely titration of insulin in pa-
tients with changing clinical status and insulin
sensitivity.?! Commonly encountered situations

that affect insulin requirements include changes
in nutrition, and the initiation or discontinuation
of vasopressors or glucocorticoids.*#*5 The admin-
istration of IV insulin requires careful and fre-
quent monitoring of BG to achieve and maintain
desired glycemic targets while also avoiding hypo-
glycemia. For this reason, many hospitals restrict
the use of IV insulin to critical care units.*8

There are few comparisons of the more than
20 published IV insulin infusion protocols.*’-4
The majority of these protocols are outdated as
the target glycemic ranges are lower than what
has now been recommended."'6:48:49 In general,
the safest and most effective protocols are those
that take into account the current and previous
BG and rate of insulin infusion to guide changes
in insulin infusion rates.*#46.4749 It is important
to ensure that the selected or developed protocol
is easy to order and follow, achieves glycemic goals
in a reasonable time period, maintains these goals
with minimal risk for hypoglycemia, and includes
instructions for timely adjustments with changes
in nutritional intake or clinical status.4?

Patients in noncritical care areas Factors to con-
sider in determining the optimal approach to
the management of hyperglycemia in noncriti-
cally ill patients include prior history of diabe-
tes and hypoglycemic therapy, the acuity and se-
verity of the underlying illness, the use of con-
current medications (i.e., glucocorticoids, oct-
reotide), and nutritional status.’® As a general
rule, patients treated with insulin as outpatients
will require this as inpatients, although the dose
may require modification.5'

Scheduled subcutaneous (SQ) basal:bolus in-
sulin therapy is preferred for the majority of non-
critically ill patients with hyperglycemia (TABLE).
This is optimally administered as a combina-
tion of basal and nutritional or prandial insulin
in combination with correction insulin, which re-
fers to the administration of supplemental doses
of short- or rapid-acting insulin for BG above de-
sired levels.?!:37:39.52 The practice of discontinuing
oral diabetes medications and/or insulin thera-
py and starting sliding scale insulin (SSI) results
in undesirable levels of hypoglycemia and hyper-
glycemia.?¥54 SSI has been abandoned altogeth-
er by some institutions,?® while others use cor-
rection insulin in conjunction with scheduled SQ
insulin to regulate BG excursions outside desired
range 375162,56,57

The safety of scheduled SQ basal:bolus insulin
has been demonstrated in two studies that in-
cluded inpatients with type 2 diabetes.5"52 In one
study, glycemic control was achieved more ef-
fectively with basal:bolus insulin than with SSI
in insulin-naive patients with type 2 diabetes.5?
In another study comparing different basal:bolus
insulin regimens in the hospital, similar levels
of glycemic control were achieved.’' There were
no group differences in hypoglycemia in either
of these reports.5':52
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TABLE Calculating the dose of scheduled insulin therapy

obtain patient weight

multiply body weight in kg by 0.2 to 0.5 units/day to obtain total daily insulin dose

for lean patients with newly recognized hyperglycemia or with type 1 diabetes,
start with the lower multiplier

for patients who are overweight with mild hyperglycemia, start with a dose
of at least 0.3 units/kg/day

for obese patients with known type 2 diabetes and bedside glucose levels >140
and <240, start with 0.4 units/kg/day

for obese patients with known type 2 diabetes or patients receiving glucocorticoid
therapy with confirmed bedside glucose levels >240 mg/dI, start with 0.5
units/kg/day

distribute total calculated dose as approximately 50% basal insulin and 50%
nutritional insulin

Using these studies as a guide, one method for
determining the starting dose of scheduled insu-
lin therapy in the hospital is based on a patient’s
body weight and administered as a range of 0.2
to 0.5 units/kg as the total daily dose (TABLE). Ap-
proximately 50% of the calculated dose is ad-
ministered as basal insulin and 50% as prandial
or nutritional insulin in divided doses. Adjust-
ments of insulin doses are based on results of bed-
side glucose monitoring to achieve glycemic tar-
gets and minimize risks for hypoglycemia. An al-
ternative method for calculating the total dai-
ly insulin dose is based on the amount of cor-
rection insulin administered over the preceding
24 h and distributing this into basal and nutri-
tional components.

There are few situations where correction insu-
lin may be used as monotherapy for a short dura-
tion (<24-48 h).*3757 This includes patients with
no prior diabetes history and an elevated admis-
sion glucose, or those who begin therapy with
corticosteroids, or enteral or parenteral nutrition
which are known to be associated with a high fre-
quency of hyperglycemia.5:%6:58 Once an insulin
requirement is established, a change to scheduled
basal:bolus insulin therapy is recommended.

The use of scheduled SQ insulin in specific pa-
tient populations is addressed below.

Transitioning patients from intravenous to subcutane-
ous insulin  As critically ill patients begin to eat
regular meals or are transferred to regular nurs-
ing units, they require transition from IV to SQ
insulin to maintain reasonable levels of glyce-
mic control.38:5° The initial dose and distribu-
tion of SQ insulin at the time of transition is de-
termined by the current IV insulin requirement
with consideration of a patient’s nutritional sta-
tus and use of other medications.5?

Patients receiving glucocorticoid therapy Hyperg-
lycemia is common in patients who receive high
dose glucocorticoids,?®8! with the most signifi-
cant effect usually on postprandial BG.%8:62 Gly-
cemic monitoring for at least 48 h is recommend-
ed for all patients receiving high-dose glucocorti-
coids.%® While the optimal management of these
patients has not been clearly defined, insulin is

generally preferred, with an emphasis on adjust-
ing doses of prandial insulin.®? Insulin require-
ments vary among patients in response to steroid
therapy. Gradual persistent adjustments in insu-
lin according to POC BG results is recommend-
ed to avoid severe hyperglycemia and hypogly-
cemia.?!-63 Patients without insulin use may ini-
tially receive correctional insulin, with timely
initiation of basal:bolus insulin based on correc-
tional insulin requirements. For insulin treated
patients, preemptive increments in total insu-
lin doses of approximately 20% are usually safe,
with ongoing adjustments according to correc-
tional insulin requirements.%3 A suggested alter-
native emphasizes proactive use of intermediate
or long-acting insulin.®*

Patients receiving enteral nutrition ~ Safe glycemic
management of patients receiving enteral nu-
trition is complicated by variability in type and

duration of nutrition delivery and unanticipated

discontinuation of nutrition with use of basal in-
sulins.%6:57.85 In one study, glargine in combina-
tion with SSI resulted in a similar level of glyce-
mic control as SSI without an increase in risk for
hypoglycemia.® Approximately 50% of patients

randomized to SSI required intermediate-acting

insulin to achieve glycemic control.

Patients admitted with continuous subcutaneous in-
sulin infusion pumps  Patients who use continu-
ous subcutaneous insulin infusion (CSII) the-
rapy as outpatients can be allowed to continue
this in the hospital provided that they have
the mental and physical capacity to do s0.68:67
The availability of hospital personnel who have
familiarity with CSII therapy and can assist with
changing insulin delivery rates is essential to
an effective CSII program. Patients who are una-
ble to continue CSII due to mental or physical
impairments can be converted to basal:bolus in-
sulin. The long- or intermediate-acting insulin
dose approximates the total of all basal rates over
a 24 h period. For example, a patient with an ho-
urly CSII basal rate of 0.5 u/h would be conver-
ted to 12 units of long- or intermediate-acting
insulin administered once or twice a day in divi-
ded doses. The prandial insulin dose approxima-
tes the doses administered while the patient was
using CSIL. If this information is not known, a we-
ight based approximation can be made as a star-
ting point of therapy (TABLE).

Oral and injectable noninsulin agents While insu-
lin is the agent of choice for the timely manage-
ment of hyperglycemia in the hospital, oral and
injectable noninsulin glucose-lowering agents
may be appropriate for selected noncritically ill
patients, such as those who ingest regular meals
and do not have contraindications."?' In gener-
al, however, these agents have a limited role for
hospital use and are limited to patients with mild
hyperglycemia or those who used these agents
as outpatients.?"68 One reason for the insulin
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preference is that time-action profiles of oral and

injectable noninsulin hypoglycemic agents which

do not allow rapid titration to achieve desired gly-
cemic targets. The long half-lives of many of these

agents do not allow for unanticipated changes

in insulin sensitivity in acutely ill patients."?!

Sulfonylureas (SU), which are long-acting in-
sulin secretogogues, are associated with severe
and prolonged hypoglycemia in patients with re-
duced or limited oral intake.®® This risk is ampli-
fied in patients with renal insufficiency.’® There
is no data related to inpatient use of the short-

-acting insulin secretogogues, repaglinide and na-
teglinide, which may offer some advantage over
the SU agents in that they are administered prior
to meals and can be held in patients who are not
eating. However, the risk of hypoglycemia may be
similar to that with SU in the outpatient setting,
suggesting caution in the inpatient setting.”!

Metformin is contraindicated with any decline
in renal function, such may occur with adminis-
tration of IV contrast dye, which increases risk
for lactic acidosis.”? Risk factors for lactic acido-
sisin metformin-treated inpatients include car-
diac disease, decompensated chronic heart fail-
ure, hypoperfusion, renal insufficiency, advanced
age, and chronic pulmonary disease.”® Thiazolidin-
ediones are contraindicated in any patient with
congestive heart failure or in those with hemo-
dynamic instability.”!

Pramlintide, exenatide, and the dipeptidyl pep-
tidase inhibitors act primarily to reduce postpran-
dial BG excursions and would not be appropriate
for patients who are not eating or have reduced
oral intake. Pramlintide and exenatide are admin-
istered by injection and are associated with a high
frequency of nausea and vomiting.”* There is lim-
ited experience, and no published data, on inpa-
tient use of these agents.

In summary, each of the major classes of nonin-
sulin glucose-lowering agents has significant lim-
itations for inpatient use. Additionally, they pro-
vide little flexibility or opportunity for titration
in a setting where acute changes often demand
these characteristics. Therefore, insulin, when
used properly, is preferred for the majority of hy-
perglycemic patients in the hospital setting.

Inpatient glycemic management and patient
safety Hypoglycemia is the major safety concern
associated with any program that intensifies gly-
cemic management in the hospital 375 Although
it may not be possible to avoid all risk of hypogly-
cemia in the hospital, the risk can be reduced by
coordinating premeal insulin with meals, and ad-
justing insulin according to changes in clinical or
nutritional status.’877 The availability of nurse-
-directed hypoglycemic treatment protocols allow
for immediate treatment of a mild event, reduc-
ing the progression to more severe or prolonged
events with untoward consequences.”8-80

Another aspect of safe management of inpa-
tient hyperglycemia is directly related to the ap-
propriate use of glucose-lowering agents and

insulin, as well as POC glucose monitoring. As dis-
cussed in the previous section, some oral and non-
insulin glucose-lowering agents can pose dangers
to patient safety when used in settings that en-
hance risk for hypoglycemia or other conditions,
such as lactic acidosis or chronic heart failure.

Due to risk for significant harm when used
incorrectly, insulin is considered a high-alert
medication by the Institute for Safe Medication
Practices.’” There are steps that hospitals can take
to promote safe use of insulin. These include stan-
dardizing concentrations for all IV insulin infu-
sions prepared by the hospital pharmacy and ed-
ucating hospital personnel about appropriate in-
patient glycemic management practices.! 778!

Safe inpatient glycemic management cannot be
accomplished by an individual physician, nurse
or pharmacist. It is important that hospitals pro-
vide support for the formation of a multidisci-
plinary committee dedicated to guiding glyce-
mic management protocols that are specific to
an institution.%®

Conclusions Hyperglycemia in hospitalized pa-
tients is common and associated with adverse out-
comes. While early studies suggested improved
clinical outcomes with protocols targeting near
euglycemia, the consistency of more frequent hy-
poglycemia in more recent RCT resulted in mod-
ification of glycemic goals to more moderate BG
targets of 140 to 180 mg/dl. This represents a safe
and achievable target that minimizes risk asso-
ciated with uncontrolled hyperglycemia and hy-
poglycemia. Insulin administered as IV infusions
in critical care or SQ basal:bolus therapy in non-
critical care areas is the preferred method for
achieving desired glycemic targets. Proper edu-
cation, the ability to obtain reliable and repro-
ducible BG measurements, appropriate admin-
istration of insulin, and careful implementation
of standardized protocols are essential elements
of an inpatient glycemic management program.
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STRESZCZENIE

Dane obserwacyjne potwierdzajg niekorzystne skutki hiperglikemii u hospitalizowanych pacjentéw.
Poczatkowe badania rekomendowaty poprawe punktéw konficowych u tych pacjentéw poprzez
osigganie stanéw bliskich euglikemii. Ostatnie badania dajg odmienne wyniki — zwracajg uwage na
niebezpieczenstwo cigzkich hipoglikemii wskutek powyzszego postepowania. Majac to na uwadze,
The American Association of Clinical Endocrinologists i American Diabetes Association opublikowaty
konsensus dotyczacy postepowania z hospitalizowanymi pacjentami z hiperglikemia. W konsensu-
sie tym okre$lono rozsadne, osiggalne i bezpieczne warto$ci docelowe glikemii, i przedstawiono
protokoty leczenia. Pozwalajg one zminimalizowa¢ ryzyko towarzyszacej leczeniu niekontrolowanej
hiper- i hipoglikemii. Rekomendowane sg dozylne infuzje insuliny u pacjentéw w stanie cigzkim,
z glikemig >140 mg/dl. Celem leczenia sg warto$ci glikemii z zakresu 140—180 mg/dI. Nizsze zakresy
docelowe glikemii (np. 110-140 mg/dl) mogg by¢ odpowiednie dla pacjentéw po zabiegach kardio-
chirurgicznych. U pacjentéw niebedacych w ciezkim stanie zalecang forma leczenia hiperglikemii jest
insulinoterapia podskérna. Celem leczenia sg wartos$ci glukozy we krwi na czczo i przedpositkowe
<140 mg/dl, ze $rednimi glikemiami <180 mg/dl. Docelowe warto$ci glikemii moga by¢ nizsze lub
wyzsze, w zalezno$ci od stanu klinicznego pacjenta. Nie zaleca sie diugiego leczenia korekcyjnymi
dawkami insuliny stosowanymi wytacznie w przypadku znacznych hiperglikemii. Inne $rodki hipo-
glikemizujace (poza insuling) majg ograniczone znaczenie w terapii szpitalnej i moga by¢ stosowane
u pacjentéw w dobrym stanie. Edukacja personelu medycznego na temat wiasciwego leczenia stanéw
hiperglikemii w warunkach szpitalnych, osigganie wiarygodnych, powtarzalnych pomiaréw glikemii,
ostrozne wprowadzanie w zycie przyjetych protokotédw leczenia pomoga zapewnié¢ bezpieczenstwo
terapii.
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