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Abstract

Purpose of Review Hyperglycemia in the emergency depart-
ment (ED) is being recognized as a public health problem and
presents a clinical challenge. This review critically summa-
rizes available evidence on the burden, etiology, diagnosis,
and practical management strategies for hyperglycemia in
the ED.

Recent Findings Diabetic ketoacidosis (DKA) and hypergly-
cemic hyperosmolar state (HHS) are hyperglycemic emergen-
cies that commonly present to the ED. However, the most
common form of hyperglycemia in ED is associated with
non-hyperglycemic medical emergencies. The presence of hy-
perglycemia increases the mortality and morbidity associated
with the primary condition. The related hospital admission
rates and costs are also elevated. The frequency of DKA or
HHS related mortality and morbidity has remained high over
the last decade. However, attempts have been made to im-
prove management of all hyperglycemia in the ED.
Evidence suggests that better management of hyperglycemia
in the ED with proper follow-up improves clinical outcomes
and prevents readmission.

Summary Optimization of the hyperglycemia management in
the ED may improve clinical outcomes. However, more clin-
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ical trial data on the outcomes and cost-effectiveness of vari-
ous management strategies or protocols are needed.
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Introduction

Prevalence of diabetes is increasing in the USA and globally,
and is associated with a substantial burden of mortality and
morbidity [1]. Population-based estimates indicate that ap-
proximately 14% of adult Americans have diabetes, mainly
type 2 diabetes mellitus (T2DM). Approximately 25% of peo-
ple with diabetes remained undiagnosed in 2012 [1].0f this
latter group, a significant proportion is first diagnosed when
they present to the emergency department (ED) with an acute
illness or hyperglycemia. Diabetic ketoacidosis (DKA) and
hyperosmolar hyperglycemic state (HHS) represent two ex-
tremes in the spectrum of dysglycemia, which pose enormous
clinical and management challenges especially to the emer-
gency physician. Presence of DKA often suggests that the
patient has type 1 diabetes mellitus (T1DM), but DKA can
also occur in T2DM under conditions of extreme stress.
Similarly, whereas HHS occurs most commonly in T2DM, it
can be seen in T1DM in conjunction with DKA [2]. However,
the largest majority of hyperglycemic patients presenting to
the ED have a non-hyperglycemic emergency. Because hyper-
glycemia may affect the outcomes of other acute illnesses, it is
important to pay proper attention to this condition. Evidence
shows that even non-diabetic hyperglycemia is associated
with increased mortality and length of hospital stay in patients
admitted through ED [3]. However, treatment of hyperglyce-
mia in the ED remains inadequate [4].
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Scope of the Problem

More than 20% of all ED visits include diabetes as a diagno-
sis, with an increase in these proportions over the last decade
[5]- Accordingly, the costs of ED visits among people with
diabetes have also increased, especially during the 2002-2011
period [6]. Most of these visits are due to non-hyperglycemia
emergencies because data covering the last two decades indi-
cate no change in the overall rates of ED visits related to
hyperglycemic crisis [7¢]. However, over the period 2006—
2011 notable changes in subgroups of patients presenting to
ED with hyperglycemic crises were seen, including significant
increases of 29 and 17% in ED visit rates among women and
adults aged 65-74 years, respectively [7¢]. Also, the age- and
sex-adjusted ED visits related to hyperglycemia have
remained higher (up to fourfold) among Black patients com-
pared with their White counterparts [8]. However, of the pa-
tients seen in the ED with hyperglycemia, a large proportion
will have neither DKA nor HHS. In this pool of patients, an
important proportion is unaware of their diabetes.

Undiagnosed Prediabetes or Diabetes

Population-based national US estimates indicate that a size-
able number of Americans with diabetes are unaware of their
condition. In 2011-2012, 36.4% of Americans with diabetes
were undiagnosed [1]. Additionally, up to 38% of American
had undiagnosed prediabetes (impaired fasting glucose and
impaired glucose tolerance) [1]. Accordingly, a number of
patients presenting to the ED will be found to have previously
undiagnosed hyperglycemia. Indeed the presence of known
risk factors and therefore, estimated risk of undiagnosed dia-
betes among ED visitors’ is quite high [9, 10]. In a study that
followed patients with relatively high blood glucose levels
without known diagnosis of diabetes in the ED, found that
11% of these patients had diabetes and 55% had prediabetes
on retesting 6 weeks later [11]. In those with unequivocal
hyperglycemia (e.g., those with random blood glucose
>200 mg/dL) including signs such as polyuria, polydipsia,
and nocturia, further testing is not needed. For the rest of
patients, the diagnosis of diabetes will require testing per-
formed on two separate occasions, as per the American
Diabetes Association (ADA) recommendations [12].
Typically, emergency department providers will not offer con-
firmatory testing for patients who are suspected to have pre-
diabetes or diabetes, thus this can be done in the hospitals for
those admitted or on an outpatient basis. Hemoglobin A ¢
may give a clue as to which patients will end up having dia-
betes, as it represents the average blood glucose levels over
the last 3 months [10, 13]. Additional factors may also help in
predicting those who will ultimately have diabetes. For exam-
ple, in a cohort study in an urban ED, a number of risk factors
(age > 45 years, polyuria, and polydipsia) and random blood
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glucose >155 mg/dL were predictive of later diagnosis of
prediabetes or diabetes [14]. For patients with suspected dia-
betes, there is need for communication both with the patient
and the next clinical care team, to help overcome clinical
inertia and improve glycemic control. For patients who are
to be hospitalized, a clear communication with the hospital
team regarding the need for further evaluation and potential
initiation of treatment in the hospital is essential. The commu-
nication is critical to avoid clinical inertia, especially as a
previous study in the ED indicated that only 10% of patients
with diabetes found in the ED were informed of their hyper-
glycemia, as assessed by their inpatient or ED discharge in-
structions [15]. The latter phenomenon could foster readmis-
sion for hyperglycemia.

Pathophysiological Considerations
for Hyperglycemia in ED

For both DKA and HHS, the key pathogenic components are
hyperglycemia and dehydration, with additional ketogenesis
in the case of DKA. Both these conditions are characterized by
absolute or relative insulin deficiency in association with in-
creased circulating levels of counter-regulatory hormones in-
cluding glucagon, catecholamines (norepinephrine, epineph-
rine), cortisol, and growth hormone [2]. Similar pathophysio-
logical mechanisms can account for hyperglycemia in non-
hyperglycemic acute illnesses. Increased levels of counter-
regulatory hormones with concurrent insulinopenia stimulate
gluconeogenic enzymes, especially phosphoenol pyruvate
carboxykinase (PEPCK) [16, 17]. Proteins and fats are broken
down to supply the precursors for gluconeogenesis, which is a
crucial step in the development of severe hyperglycemia.
Moreover, glucose utilization is decreased due to insulin defi-
ciency and further exaggerated by increased availability of
FFA [18]. Overall, the mechanism of hyperglycemia in acute
illness is multifactorial, with the main abnormalities including
increased gluconeogenesis and, glycogenolysis, and impaired
glucose utilization by cells (primarily muscle and fat cells) due
to insulin deficiency. Severe hyperglycemia leads to osmotic
diuresis and dehydration. The latter results in a decrease in
glomerular filtration rate and decreased clearance of glucose
with further aggravation of hyperglycemia [2]. Delay in treat-
ment will eventually lead to a hyperglycemic crisis.

Newly diagnosed individuals with T1DM account for 15%
or more of cases of DKA [19]; with higher figures among
children than among adults. Approximately 7—17% of cases
of HHS cases are the initial manifestation of diabetes [20,
21].The two main precipitating factors described for inducing
hyperglycemic crises have been inadequate insulin therapy
and infection [22]. The inadequate insulin therapy may be
related to noncompliance or in some cases failure of insulin
pump [23]. The main infectious processes that have been
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implicated are pneumonia or urinary tract infection and less
frequently other type of infections such as dental abscess or
skin infection [22, 24]. Other precipitating factors include the
situations associated with extreme stress, namely, surgery,
trauma, pregnancy, cardiovascular events (e.g., myocardial
ischemia, cerebrovascular events, or limb ischemia), medica-
tions (corticosteroids, sympathomimetics [terbutaline], pent-
amidine, atypical antipsychotic medications, and thiazide di-
uretics), acute abdominal processes (e.g., appendicitis or pan-
creatitis), substance abuse (alcohol or cocaine, which have
been associated with frequent omissions of insulin adminis-
tration, with the cocaine exerting a significant effect on
counter-regulatory hormones as well) [2, 22, 24, 25]. In the
specific case of HHS, as it develops slowly over time, de-
creased water intake can be an aggravating factor especially
in elderly patients (with impaired thirst mechanism and/or
inability to access water because of physical or neurologic
limitations) [22]. In rare cases, there have been reports of
DKA as the primary manifestation of acromegaly [26]. In a
number of cases, no precipitating factor is identified despite a
thorough workup.

Management of Hyperglycemia in ED

It is important to detect unknown diabetes, assess the status of
diabetes control and diagnose the presence of DKA or HHS in
any patient presenting to ED. A suggested algorithm for the
diagnosis and management of diabetes in the ED is shown in
Fig. 1. The current accepted tenets of therapy for any severe

Patient has known diabetes or random
blood glucose 2200 mg/dl in ED

NO / \ e

* No further action * Order HbAlc unless available
* May recommend fasting within last 3 months
blood glucose or HbA1C * Evaluate for DKA or HHS

either on the floor or on / \

an outpatient basis
No evidence of DKA or HHS Clinical picture consistent

/ \ with DKA or HHS and

Serum pH <7.30,
Admitted to

bicarbonate <15mEq/L or
anion gap>10 mEq/L, serum
hospital
* Start basal bolus l
insulin therapy

osmolarity 2320
¢ Inform the

admitting team
about diabetes

Not admitted to
hospital

* Optimize home
diabetes treatment

* Offer appointment
for diabetes clinic

Follow treatment
protocol for DKA /HHS

Fig. 1 Algorithm for the management of diabetes in the emergency
department

hyperglycemia include hydration, insulin therapy, and correc-
tion of electrolyte abnormalities.

Initial Assessment

As both DKA and HHS have potentially high mortality rates,
this dictates the need for a careful initial evaluation of patients
presenting to ED with hyperglycemia. This includes a non-
specific set of measures that include assessing the need for
airway protection to ensure adequate ventilation/and oxygen-
ation, appropriate intravenous (IV) access, continuous cardiac
monitoring, and strict monitoring of intake and output.
History is extremely important to identify the cause of severe
hyperglycemia in patient with known diabetes. Non-
adherence with insulin or antidiabetic medications is common,
as are psychiatric illnesses and substance abuse. The recom-
mended biochemical assessment to evaluate the cause and
severity of hyperglycemia includes serum glucose levels, he-
moglobin A, basic metabolic panel, serum phosphate and
magnesium, arterial blood gas, and serum ketones. A com-
plete blood count (CBC) with differential, hepatic enzymes,
urinalysis, cardiac enzymes, and coagulation profile are also
recommended as part of the initial evaluation. Further assess-
ment should aim at investigating potential underlying triggers
such an infection (urine and blood cultures, chest radiograph,
and possibly other tests in selected cases), pancreatitis (serum
lipase and amylase), or cardiac events (cardiac enzymes, elec-
trocardiogram) for the most part. In specific cases, there may
be a need for further imaging (chest/abdomen/brain or other
organs) based on the clinical picture.

Key biochemical calculations based on the initial laborato-
ry results that are necessary to guide therapy include corrected
serum sodium, serum osmolality, anion gap, and free water
deficit [2]. Thereafter, the frequency of reassessment of serum
glucose and electrolytes is a function of the response to ther-
apy. This is detailed in the ADA guidelines treatment algo-
rithm [2].

Therapies
Treatment of Hyperglycemic Crisis

The specific treatment of a hyperglycemic crisis has several
components, as detailed below.

Intravenous fluids Intravenous hydration is the mainstay of
management of hyperglycemic crises and the first needed
therapy in both DKA and HHS [2]. It decreases serum glucose
and ketones (thus improving metabolic acidosis) through uri-
nary clearance, which is improved by the restoration of intra-
vascular volume and renal perfusion. Intravenous hydration
also decreases counter-regulatory hormone concentrations.
The initial fluid replacement is most often isotonic saline to
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restore perfusion and expand intravascular volume. The aver-
age fluid deficit in DKA ranges from 3 to 6 L, whereas it may
be 8 to 10 L in patients with HHS. More precisely, the water
deficit is estimated at 100 mL/kg of body weight in DKA and
100-200 mL/kg in HHS [2]. The water deficit is derived using
the following formula: water deficit = (0.6) (body weight in
kg) x (1-[corrected sodium/140]) [20]. To correct water def-
icit, isotonic saline is initially infused at 500-1000 mL/h for
2-4 h, followed by the infusion of 0.9 or 0.45% saline at 250—
500 mL/h, with the choice between the two determined by the
levels of serum sodium, the state of hydration and urine out-
put. In general, isotonic saline (0.9% NaCl) is continued in
patients with low serum sodium, whereas patients with normal
or elevated sodium or hyperosmolality often receive 0.45%
NaCl [20]. Intravenous dextrose (5 or 10%) is added once
the plasma glucose level is between 200 and 250 mg/dL, to
allow insulin administration until ketonemia is controlled
while avoiding hypoglycemia [2].

Insulin Therapy Insulin therapy is the key component of
therapy, which should be commenced immediately. Hitherto,
intravenous regular insulin has been the treatment of choice
for the majority of patients with hyperglycemic emergency
[27, 28]. However, for mild to moderate DKA subcutaneous
insulin can be considered. A few studies have shown equiva-
lent time to resolution of DKA when comparing subcutaneous
insulin versus intravenous insulin. Subcutaneous insulin may
be a better option in the ED setting where one to one staffing is
often a problem. Insulin reduces hepatic gluconeogenesis and
suppresses lipolysis and ketogenesis [29]. However, insulin
should not be started unless the serum potassium is at least
>3.3 mEq/L as this may cause a rapid shift of extracellular
potassium into the intracellular space. Most physicians
treating DKA start insulin infusions with a bolus of 0.1 unit’kg
followed by a continuous infusion at a rate of 0.1 U/kg/h (5—
10 U/h) [2]. However, a study showed no difference in out-
comes or hypoglycemia risk between patients receiving an
initial insulin bolus and those that did not [30]. In case the
bolus is omitted, the initial infusion rate could be started at
0.14 U/kg/h. The infusion rate should be adjusted to ensure
that serum glucose falls by at least 50 mg/dL/h, with the glu-
cose level acting as a reliable surrogate marker for insulin
action, including its action in the adipose tissue to suppress
lipolysis. Evidence suggests that insulin therapy combined
with rehydration leads to a predictable decrease in plasma
glucose concentration [31, 32]. The insulin rate may be de-
creased (minimum rate 0.5 U/h) and dextrose added to the
intravenous fluids when the plasma glucose concentration
reaches <200 mg/dL. The insulin infusion rate can be de-
creased at a higher glucose level (<300 mg/dL) in patients
with HHS [2]. The insulin infusion rate should be adjusted
to maintain a plasma glucose level of 150-200 mg/dL until
ketoacidosis is resolved, as evidenced by normalization of pH
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and anion gap among those with DKA, and until mental
obtundation and the hyperosmolar state are corrected among
those with HHS. The resolution of DKA and often HHS is
heralded by a rapid increase in insulin sensitivity, which re-
quires hourly adjustment of the insulin infusion rate while
dextrose-containing fluids are infused to avoid hypoglycemia.

Potassium Therapy Total body potassium depletion is a
common feature in all patients with DKA and HHS, with a
deficit of 3—5 mmol/kg [33]. The initial serum potassium level
is often within the normal range or elevated, which is due to a
shift of potassium from the intracellular to the extracellular
compartment related to a combination of hypertonicity, insulin
deficiency and acidosis [33, 34]. Fluid and insulin therapy
promote a rapid intracellular shift of potassium, which may
result in hypokalemia with the risk of cardiac arrest. Hence,
early IV potassium therapy should be initiated when the serum
potassium level is below 5.0 mEq/L with the goal level of 4—
5 mEq/L during therapy [2]. An exception to this rule is the
case of low urine output or severely decreased renal function
whereby potassium should be given only if low and monitored
carefully.

Bicarbonate Therapy The use of bicarbonate in DKA has
been controversial. Currently, it is recommended for the se-
vere metabolic acidosis (pH < 6.9) by most experts including
the ADA guidelines [2]. However, no study has shown benefit
from the use of this therapy. In a systematic review of random-
ized clinical studies on the efficacy of bicarbonate therapy for
severe acidemia in DK A, no benefit of this therapy in improv-
ing outcomes or the rate of recovery of hyperglycemia and
ketoacidosis was found [35]. Bicarbonate therapy is not with-
out risk. Potentially deleterious effects include cerebral ede-
ma, hypokalemia, rebound acidosis, hypoxia, and
hypernatremia, and in view of evidence of lack of a therapeu-
tic effect, it should generally be avoided [2, 36].

Phosphate Therapy Phosphate repletion is not always need-
ed in the management of DKA as mild degrees of
hypophosphatemia usually self-correct once the patient has
resumed eating, unless the phosphate levels fall below
<1 mg/dL, especially in a patient with evidence of respiratory
or cardiac distress. There is no evidence of the beneficial effect
of phosphate replacement on clinical outcomes in DKA [37,
38]. Furthermore, aggressive intravenous phosphate therapy
can cause hypocalcemia [39] and it should be avoided.

Hyperosmolality Although hyperosmolality is associated
with adverse outcomes, specific correction of this derange-
ment is generally not indicated in adults. A gradual rate of
change as a marker of effective and safe HHS therapy appears
to be less important in adults than in children. Interestingly,
data from pediatric studies no longer support the construct of
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cerebral edema caused by changes in osmolarity, but rather
suggest it linked more to low overall brain perfusion and in-
sufficient volume resuscitation [40].

Monitoring of Therapy and Resolution of Hyperglycemia
Crisis

While in the ED, all patients should get frequent clinical and
laboratory reassessment to ensure an adequate urine output,
electrolyte correction, and avoid fluid overload. The main as-
sessments include finger-stick glucose (every hour to prevent
hypoglycemia) and basic metabolic panel (every 1 to 2 h
mainly to monitor potassium levels and the anion gap, as these
provide a good estimate of the serum ketoacid (anion) levels)
[2]. In the ED, the average period over which fluid, metabolic,
and electrolyte deficits will be corrected is 18 to 24 h. Criteria
for resolution of DKA include a serum glucose <250 mg/dL
and at least two of the following criteria: normalization of the
anion gap, a venous or arterial pH >7.3, and a serum bicar-
bonate level > 18 mEq/L [2]. Ketonemia and ketonuria may
persist for 24 to 36 h due to slower elimination. Patients who
recover from ketoacidosis may develop a secondary
hyperchloremic non-anion gap metabolic acidosis resulting
from aggressive saline administration. The serum bicarbonate
may not normalize immediately for this reason as it is tempo-
rarily “replaced” by chloride. In HHS, the resolution occurs
with a plasma glucose level <250 mg/dL and normal effective
serum osmolality <310 mmol/kg in the setting of a restored
baseline mental status.

Transitioning from Insulin Infusion to Subcutaneous Insulin

In patients treated with IV insulin, transition to a subcutaneous
insulin regimen should be considered once the acute metabol-
ic derangement has resolved and the patient is alert and can
start oral nutrition. In instances of patient remaining under
extreme stress such as those with critical illness (e.g., shock
requiring pressor agents, mechanical ventilation) or underly-
ing causes requiring additional interventions (e.g., need for
surgery), continuation of insulin infusion therapy using an
appropriate variable-rate continuous insulin infusion protocol
designed to maintain glucose within the appropriate evidence-
based range until clinically stable should be considered.

In transitioning from IV insulin to subcutaneous insulin,
abrupt interruption of the insulin infusion is not recommended
as the half-life of intravenous regular human insulin is less
than 10 min. An overlap of the insulin infusion and subcuta-
neous insulin (continuation of IV insulin for 2 to 4 h after
administration of subcutaneous insulin) is absolutely neces-
sary to avoid rebound hyperglycemia and possible reopening
of the anion gap from ketoacidosis. Patients with previously
known diabetes treated with subcutaneous insulin prior to ad-
mission can be restarted on their previous insulin regimen,

especially in those who were adequately controlled. Among
insulin naive patients or newly diagnosed patients, insulin can
be started at a total daily dose of 0.5-0.8 U/kg/dL.
Subcutaneous insulin regimens with long acting basal insulin
(glargine or detemir) and rapid acting insulin analogs (lispro,
aspart, or glulisine) mimic normal insulin physiology and are
preferred for transition over use of intermediate-acting insulin
(neutral protamine Hagedorn, NPH) and regular human insu-
lin. A randomized trial comparing the use of insulin analogs
(glargine or glulisine) to regular human insulin and NPH for
transitioning from intravenous to subcutaneous insulin among
DKA patients found a lower incidence of hypoglycemia with
insulin analogs [32]. Evidence suggests that administration of
insulin glargine at a dose of 0.25 U/kg within 12 h of initiation
of intravenous insulin infusions may help prevent rebound
hyperglycemia following acute management of DKA.
Indeed, the incidence of rebound hyperglycemia was lower
without increased risk of hypoglycemia in the group receiving
insulin glargine than in the control group, in a recent study
[41]. It is important to keep in mind that insulin sensitivity
changes quickly in critically ill and glucotoxic patients and
lower doses of insulin may be required after recovery from
acute illness. Lower insulin doses are also necessary in those
with renal or pancreatic insufficiency.

Disposition of those with DKA or HHS

Patient with severe DKA or HHS often require ICU admission
for adequate treatment, observation, and resolution of the un-
derlying cause. However, the hyperglycemic crisis itself can
often be resolved in an emergency department and some of
these patients may be stable enough for general floor admis-
sion to continue subcutaneous insulin, pending improved vol-
ume status after resuscitation, closed anion gap, and ability to
tolerate fluids by mouth. A number of patients warrant a
higher level of care due to underlying sepsis, hypoxia, altered
mental status, hypotension, persistent tachycardia despite flu-
id resuscitation, and significant laboratory derangements, such
as acidosis or severe electrolyte abnormalities.

Acute comorbidities such myocardial infarction or cerebro-
vascular accidents may also dictate disposition to an ICU.
Because of the scarcity of ICU beds, there may be longer
ED stays requiring close attention. If appropriately managed,
hyperglycemic crises itself can be treated in ED or another
properly staffed observation unit and the need of ICU admis-
sion can be obviated. With proper treatment, the average time
to the resolution of anion gap acidosis is 3 h [42].

Treatment of Hyperglycemia in Patients
with Non-Hyperglycemic Emergency

There are no hard and fast rules as to how to approach therapy
among those without DKA or HHS. Among those with
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glycemia levels not warranting admission, patients with newly
diagnosed diabetes can be discharged on oral therapy, and
those with previously known diabetes can have their therapy
adjusted including oral therapy and/or insulin therapy. For the
newly diagnosed patients, given that lifestyle interventions are
generally unsuccessful, patients with a clear diagnosis of dia-
betes may be considered candidates for initiating an antidia-
betic medication in the emergency department upon dis-
charge. These patients include those with obesity, family his-
tory of diabetes, and polyuria who also have a blood glucose
level > 200 mg/dL with no other obvious cause such as trauma
or infection. In starting antidiabetic therapy in the ED, consid-
eration should be given to comorbidities, renal and hepatic
functions, with the understanding that a follow-up with a pri-
mary care physician is needed for medication adjustment.
Following the recommendations of the ADA and the
European Association for the Study of Diabetes for initiating
therapy in patients with newly diagnosed diabetes, metformin
is often the initial therapy to consider in a patient with T2DM
[43]. Indeed, in a before-after pilot study conducted in an
urban ED [44], starting metformin in the emergency depart-
ment was found safe and effective among patients with hyper-
glycemia but no prior diagnosis of diabetes, with the majority
of patients experiencing rapid and safe decreases in their blood
glucose and HbA ¢ levels, as well as a decrease in the number
of ED visits by 78%.

For hyperglycemia warranting immediate treatment and
admission, the therapy should ideally begin before admission
and should not be delayed for confirmatory testing. There is
evidence to suggest that initiation of insulin in the ED may
improve hospitalization outcomes, mainly the length of hos-
pital stay [45, 46]. There is no consensus among experts re-
garding glycemic management goals, though there is ample
data to suggest that appropriate blood glucose control im-
proves patient outcomes and hospital stays [47]. The currently
recommended targets are those of the inpatient standards for
glycemic control, with goals based on random blood glucose
levels [47]. In general, the goals are to avoid hypoglycemia,
avoid severe hyperglycemia, volume depletion and electrolyte
abnormalities, ensure adequate nutrition, assess patient educa-
tional needs and address deficiencies, ensure appropriate glu-
cose control upon discharge until patient can be seen by the
clinician managing his or her diabetes as an outpatient. The
details of the recommendations would vary for different
groups of patients.

Critically Il Patients Appropriate targets for patients with
preexisting diabetes mellitus who are critically ill have not
been firmly established. While some studies suggest that
achieving normoglycemia (80 to 110 mg/dL) in cardiac sur-
gery patients or those requiring admission to surgical ICU
may reduce mortality, trials in mixed medical/surgical popu-
lations of critically ill patients did not show a benefit of
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targeting blood glucose of 80 to 110 mg/dL [48]. The ADA
recommends a blood glucose target of 140 to 180 mg/dL in
the ICU. Achieving this goal will usually require an insulin
infusion, which should be initiated for persistent hyperglyce-
mia greater than 180 mg/dL.

Non-Ceritically Ill Patients (Medical/Surgical Patients) An
appropriate glycemic goal would be one that would provide
security to avoid hypoglycemia as the patient’s illness im-
proves. In general, all glucose levels should be kept below
180 mg/dL to avoid further escalations, which may be associ-
ated with dehydration, glycosuria, and caloric loss, and to
reduce the risk of infection and, although rare, of developing
ketoacidosis. The goal for blood glucose are generally
<140 mg/dL for fasting (pre-meal) and <180 mg/dL for ran-
dom blood glucose levels, with an insulin regimen including
basal, meal time (prandial) and correctional insulin being the
preferred treatment regimen. Of note, sliding scale insulin
alone is not the preferred method, as this is associated with
high rate of suboptimal control of hyperglycemia [49]. For
now, the use of non-insulin therapies or oral antidiabetic
agents is generally not recommended in hospitalized patients
due to the limited data available on their safety and efficacy,
frequent contraindications, risk of hypoglycemia, and slow
onset of action that may preclude achieving rapid glycemic
control and daily dose adjustments. However, there is recent
evidence suggesting that dipeptidyl peptidase-4 inhibitors
may be effective and safe and a convenient alternative to the
labor-intensive basal-bolus insulin regimen for the manage-
ment of hyperglycemia in patients with T2DM in the non-
intensive-care setting [50].

Preventing Revisits to ED and Improving
Long-Term Diabetes Control

Experience has shown that ED visits with hyperglycemia are
repetitive and associated with poor outpatient management of
diabetes. Recently, there has been much emphasis on
implementing programs with goal of preventing ED revisits
after the index visit. Moreover, ED visit may be an opportu-
nity to identify high risk patients in need of long-term diabetes
control. Focused treatment of these patients is likely to be
more cost-effective than any other approach. To improve ac-
cess to outpatient diabetes care, a program that allowed ED
staff with direct booking into the diabetes clinic was imple-
mented at an academic medical center and showed a signifi-
cant reduction in hospitalization, ED visits, HbAlc, and
healthcare expenditures in the subsequent year [51e¢]. In an-
other study, diabetes self-management education (DSME) for
ED patients with random blood glucose levels >200 mg/dL
showed improvement in glycemic control and medication ad-
herence after 4 weeks [52¢]. Close follow-up by a pharmacist
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or diabetes nurse educator after discharge from ED may be
another effective strategy to prevent readmission and improve
long-term glycemic control [53, 54]. However, data are mostly
observational and highly inadequate to implement these strat-
egies on a larger scale.

Conclusions

Hyperglycemic crises are the most common endocrine
emergencies but hyperglycemia associated with non-
hyperglycemic emergencies is also common. It is unlikely that
the prevalence of hyperglycemia in the ED would decrease
given the continued high prevalence of diabetes. The role of
the emergency department in curbing the toll of these emer-
gencies is key. The role of the ED is paramount in the appro-
priate diagnosis of hyperglycemic emergencies, aggressive
elucidation of the underlying cause, prevention of complica-
tions, and thus ultimate improvement of clinical outcomes of
these life threatening conditions. Particular attention should be
directed at preventing their future recurrences. Providers
should use the opportunity provided by an admission for
marked hyperglycemia to address the underlying complexities
inherent in diabetes management and enhance outpatient self-
management skills. Moreover, management of hyperglycemia
in association with non-hyperglycemic emergencies should
not be ignored because this may affect the eventual outcomes
of primary disease.
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